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Section A3.1 of the Specification for Structural Steel Buildings Allowable Stress De- 
sign and Plastic Design, (from here on referred to as the ASD Specification), lists 16 
ASTM specifications for structural steel approved for use in building construction. 

Six of these steels are available in hot-rolled structural shapes, plates and bars. 
Two steels, ASTM A514 and 8852, are only available in plates. Table 1 shows five 
groups of shapes and 11 ranges of thicknesses of plates and bars available in the vari- 
ous minimum yield stress* and tensile strength levels afforded by the eight steels. For 
complete information on each steel, reference should be made to the appropriate 
ASTM specification. A listing of the shape sizes included in each of the five groups 
follows in Table 2, corresponding to the groupings given in Table A of ASTM Speci- 
fication A6. 

Seven additional grades of steel, other than those covering hot-rolled shapes, 
plates and bars, are listed in Sect. A3.1. These steels cover pipe, cold- and hot- 
formed tubing and cold- and hot-rolled sheet and strip. 

For additional information on availability of structurd tubing, refer to separate 
discussion beginning on pg. 1-91. For additional information on availability and clas- 
sification of structural steel plates and bars, refer to separate discussion beginning on 
pg. 1-105. 

Space does not permit inclusion in the listing of shapes and plates in Part 1 of 
nual of all rolled s ates of greater thickness that are occasionally 
construction. For s, refer to the various producers' catalogs. 

To obtain an economical structure, it is often advantageous to minimize the 
number of different sections. Cost per sq. ft. often can be reduced by designing this 

ASTM A36 is the all-purpose carbon grade steel widely used in building and bridge 
construction. ASTM A529 structural carbon steel, ASTM A572 high-strength, low- 
alloy structural steel, ASTM A242 and A588 atmospheric corrosion-resistant high- 
strength low-alloy structural steel, ASTM A514 quenched and tempered alloy struc- 
tural steel plate and ASTM A852 quenched and tempered low-alloy structural steel 
plate may each have certain advantages over ASTM A36 structural carbon steel, de- 
pending on the application. These high-strength steels have proven economical 
choices where lighter members, resulting from use of higher allowable stresses, are 
not penalized because of instability, local buckling, deflection or other similar rea- 
sons. They are frequently used in tension members, beams in continuous and com- 
posite construction where deflections can be minimized, and columns having low 
slenderness ratios. The reduction of dead load, and associated savings in shipping 
costs, can be significant. However, higher strength steels are not to be used indis- 
criminately. Effective use of all steels depends on thorough cost and engineering 
analysis. 

With suitable procedures and precautions, all steels listed in the AISC Specifica- 
tion are suitable for welded fabrication. 

ASTM A242 and A588 atmospheric corrosion-resistant, high-strength low-alloy 

*As used in the AISC Specification, "yield stress" denotes either the specified minimum yield point 
(for those steels that have a yield point) or specified minimum yield strength (for those steels that do 
not have a yield point). 



steels can be used in e bare (uncoated) condition in most e 
boldly exposed under h conditions, exposure to the normal a 
tightly adherent oxide to form on the surface which protects the steel from further 
atmospheric corrosion. To achieve the benefits of the enhanced atmospheric corro- 
sion resistance of these bare steels, it is necessary that design, detailing, fabrication, 
erection and maintenance practices proper for such steels be observed. Designers 
should consult with the steel producers on the atmospheric corrosion-resistant prop- 
erties and limitations of these steels prior to use in the bare condition. When either 
A242 or A588 steel is used in the coated condition, the coating life is typically longer 
than with other steels. Although A242 and A588 steels are more expensive than 
other high-strength, low-alloy steels, the reduction in maintenance resulting from the 
use of these steels usually offsets their higher initial cost. 

A852 and A514 Types E, F, P, and Q are higher strength atmospheric 
corrosion-resistant steels suitable for use in the bare (uncoated) condition in most 
atmospheres. 

As the temperature decreases, an increase is generally noted in the yield stress, ten- 
sile strength, modulus of elasticity and fatigue strength of structural steels. In con- 
trast, the ductility of these steels, as measured by reduction in area or by elongation, 
decreases with decreasing temperature. Furthermore, there is a temperature below 
which a structural steel subjected to tensile stresses may fracture by cleavage,* with 
little or no plastic deformation, rather than by shear,* which is usually preceded by 
a considerable amount of plastic deformation or yielding. 

Fracture that occurs by cleavage at a nominal tensile stress below the yield stress 
is commonly referred to as brittle fracture. Generally, a brittle fracture can occur in 
a structural steel when there is a sufficiently adverse combination of tensile stress, 
temperature, strain rate and geometrical discontinuity (notch) present. Other design 
and fabrication factors may also have an important influence. Because of the interre- 
lation of these effects, the exact combination of stress, temperature, notch and other 
conditions that will cause brittle fracture in a given structure cannot be calculated 
readily. Consequently, designing against brittle fracture often consists mainly of (1) 
avoiding conditions that tend to cause brittle fracture and (2) selecting a steel appro- 
priate for the application. A discussion of these factors is given in the following sec- 
tions. Refs. 1 through 5 cover the subject in much more detail. 

It has been established that plastic deformation can occur only in the presence of 
shear stresses. Shear stresses are always present in a uniaxial or biaxial state-of- 
stress. However, in a triaxial state-of-stress, the maximum shear stress approaches 
zero as the principal stresses approach a common value. Thus, under equal triaxial 
tensile stresses, failure occurs by cleavage rather than by shear. Consequently, triax- 
ial tensile stresses tend to cause brittle fracture and should be avoided. A triaxial 
state-of-stress can result from a uniaxial loading when notches or geometrical discon- 
tinuities are present. 

*Shear and cleavage are used in the metallurgical sense (macroscopically) to denote different frac- 
ture mechanisms. Ref. 2, as well as most elementary textbooks on metallurgy, discusses these mech- 
anisms. 



ncreased strain rates tend to increase the possibility of brittle behavior. Thus 
structures that are loaded at fast rates are more susceptible to brittle fracture. 
ever, a rapid strain rate or impact load is not a required condition for a brittle 
fracture. 

Gold work, and the strain aging that normally follows, generally increases the 
likelihood of brittle fracture. This behavior usually is attributed to the 
mentioned reduction in ductility. The effect of cold work that occurs in cold forming 
operations can be minimized by selecting a generous forming radius, thus limiting 
the amount of strain. The amount of strain that can be tolerated depends on both the 
steel and the application. 

When tensile residual stresses are present, such as those resulting from welding, 
they add to any applied tensile stress and thus, the actual tensile stress in the member 
will be greater than the applied stress. Consequently, the likelihood of brittle frac- 
ture in a structure that contains high residual stresses may be minimized by a post- 
weld heat treatment. The decision to use a post-weld heat treatment should be made 
with assurance the anticipated benefits are needed and will be realized, and t 
sible harmful effects can be tolerated. Many modern steels for welded cons 
are designed to be used in the less costly as-welded condition when possible. The 
soundness and mechanical properties of welded joints in some steels may be ad- 
versely affected by a post-weld heat treatment. 

Welding may also contribute to the problem of brittle fracture by introducing 
notches and flaws into a structure and by causing an unfavorable change in micro- 
structure of the base metal. owever, properly designed welds, care in selecting 
their location and the use of good welding practice, can mi ize such detrimental 
effects. The proper electrode must be selected so that the w eta1 will be as resist- 
ant to brittle fracture as the base metal. 

e best guide in selecting a steel appropriate for a given application is experience 
with existing and past structures. The A36 steel has been used successfully in a great 
number of applications, such as buiidi ission towers, transportation 
equipment and bridges, even at the lowest ic temperatures encountered in 
the U.S. Therefore, it appears that any o ural steels, when designed and 
fabricated in an appropriate manner, could be used for similar applications with little 
likelihood of brittle fracture. Consequently, brittle fracture is not usually experi- 
enced in such structures unless unusual temperature, notch and stress conditions are 
present. Nevertheless, it is always desirable to avoid or minimize the previously cited 
adverse conditions that increase the susceptibility to brittle fracture. 

In applications where notch toughness is considered important, it usually is re- 
quired that steels must absorb a certain am t of energy, 15 ft-lb. or higher 
(Charpy V-notch test), at a given temperature. e test temperature may be higher 
than the lowest operating temperature depending on the rate of l ~ a d i n g . ~  For exam- 
ple, the toughness requirements for A709 steels are based on the loading rate for 
 bridge^.^ 

The information on strength and ductility presented in the previous sections gener- 
ally pertains to loadings applied in the planar di ion (longitudinal or transverse 
orientation) of the steel plate or shape. It should ored that elongatio 
reduction values may well b e through-thicknes 

ionality is s f  small conse 
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many applications, but does become important in the design and fabrication of struc- 
tures containing massive members with highly restrai 

With the increasing trend toward heavy welded- 
been a broader recognition of occurrences of lamellar tearing in some highly re- 
strained joints of welded structures, especially those using thick plates and heavy 
structural shapes. The restraint induced by some joint designs in resisting weld de- 
posit shrinkage can impose tensile strain sufficiently high to cause separation or tear- 
ing on planes parallel to the rolled surface of the structural member being joined. 
The incidence of this phenomenon can be reduced or eliminated through greater un- 
derstanding by designers, detailers and fabricators of (1) the inherent directionality 
of constructional forms of steel, (2) the high restraint developed in certain types of 
connections and (3) the need to adopt appropriate weld details and welding proce- 
dures with proper weld metal for through-thickness connections. Further, steels can 
be specified to be produced by special practices and/or processes to enhance 
through-thickness ductility and thus assist in reducing the incidence of lamella 
ing. Steels produced by such practices are available from several producers. 
ever unless precautions are taken in both design and fabrication, lamellar tearing 
may still occur in thick plates and heavy shapes of such steels at restrained through- 
thickness connections. Some guidelines in minimizing potential problems have been 
de~e loped .~  

Although Group 4 and 5 W-shapes, commonly referred to as jumbo shapes, gener- 
ally are contemplated as columns or compression members, their use in non-column 
applications has been increasing. These heavy shapes have been known to exhibit 
segregation and a coarse grain structure in the mid-thickness region of the flange and 
the web. Because these areas may have low toughness, cracking might occur as a re- 
sult of thermal cutting or welding8 Similar problems may also occur in welded built- 
up sections. To minimize the potential of brittle failure, the current ABSC ASH> 
Specification (see anual, Part 5 )  includes provisions for material toughness re- 
quirements, methods of splicing and fabrication methods for Group 4 and 5  hot- 
rolled or welded built-up cross sections with an element of the cross section more 
than 2 in. in thickness intended for tension applications. 

1 .  Brockenbrough, R.L. and B.G. Johnson U.S.S. Steel Design Manual 1981, U.S. Steel. 
2 .  Parker, E.R. Brittle Behavior of Engineering Structures John Wiley & Sons, 1957, New York, 

N. Y .  
3 .  Welding Research Council Control of Steel Construction to Avoid Brittle Failure 1957. 
4 .  Lightner, M. W. and R. W .  Vanderbeck Factors Involved in Brittle Fracture Regional Technical 

Meetings, American Iron and Steel Institute, 1956. 
5. Rolfe, S. T. and.7.M. Barsom Fracture and Fatigue Control in Structures-Applications of Frac- 

ture Mechanics Prentice-Hall, Inc., 1977, Englewood Cliffs, N.J. 
6. Rolfe, S. T.  Fracture and Fatigue Control in Steel Structures AISC Engineering Journal, 1st 

Qtr. 1977, New York, N.Y. (pg. 2). 
7 .  American Institute of Steel Construction, Inc. Commentary in Highly Restrained Welded 

Connections AISC Engineering Journal, 3rd Qtr. 1973, New York, N.Y. (pg. 61). 
8 .  Fisher, John W.  and Alan W.  Pense Experience with Use of Heavy W Shapes in Tension AISC 

Engineering Journal, 2nd Qtr. 1987, Chicago, Ill. (pp. 63-77). 
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Carbon 

High. 
strength 
Low- 
alloy 

Corro- 
sion- 

resistant 
High- 
strength 
Low- 
alloy 

Quenched 
& 

Tem- 
pered 

Low-alloy 

Quenched 
& 

Tem- 
pered 

Alloy 

I Shapes I Plates and Bars 

Over Over Over 
%" 3/4" 

To to to to 
- %" 3/4" 11/41! 1%)1 

Incl. Incl. Incl. Incl. 

Ova 
1%" 
to 
2" 

Incl. 
- 

Over Over Ove~  
2" 2%" 4" 
to to to 

2%" 4" 5" 
Incl. Incl. Incl. 

aMinimum unless a range is shown. 
blncludes bar-size shapes. 
CFor shapes over 426 Ibs./ft, minimum of 58 ksi only applies. 
dPlates only. 
=Available. 



Structural Shapes 

W shapes 

M Shapes 

S Shapes 

HP Shapes 

American 
Standard 
Channels (C) 

Miscellaneous 
Channels (MC) 

Angles (L) 
Structural 
Bar-size 

Group 1 Group 2 

W24X55,62 W44~198,  
W 21x44 to 224 

57 incl. W 40x149 to 
W 18x35 to 268 incl. 

71 incl. W 36x135 to 
W 16x26 to 210 incl. 

57 incl. W 33x 11 8 to 
W 14x22 to 152 incl. 

53 incl. W 30x90 to 
W 12x14 to 211 incl. 

58 incl. W 27x84 to 
W 10x12 to 178 incl. 

45 incl. W 24x68 to 
W 8x10 to 162 incl. 

48 incl. W 21 x62 to 
W 6x9  to 147 incl. 

25incl. W18x76to 
W 5x16, 19 143 incl. 

W 16x67 to 
W 4x13 100 incl. 

W 14x61 to 
132 incl. 

W 12x65 to 
106 incl. 

W 10x49 to 
1 12 incl. 

W 8x58, 67 

to 37.7 Ib./ft 
incl. 

to 35 Ib.ift 
incl. 

to 102 Ib./ft 
incl. 

to 20.7 Ib./ft over 20.7 
incl. Ib./ft 

to 28.5 Ib./ft over 28.5 
incl. Ib./ft 

to % in, incl. over % to 3/4 

in. incl. 

Group 3 

W 44x248, 
285 

W 40x277 to 
328 incl. 

W 36x230 to 
300 incl. 

W 33x201 to 
291 incl. 

W 30x235 to 
261 incl. 

W 27x194 to 
258 incl. 

W 24x176 to 
229 incl. 

W 21x166 to 
223 incl. 

W 18x158 to 
192 incl. 

W 14x145 to 
21 1 incl. 

W 12x120 to 
190 incl. 

over 102 
Ib./ft 

over % in. 

Group 4 

W 40x362 to 
655 incl. 

W 36x328 to 
798 inci. 

JV 33x318 to 
619 incl. 

W 30 x292 to 
581 incl. 

W 27x281 to 
539 incl. 

W 24 x 250 to 
492 incl. 

W 21 x248 to 
402 incl. 

W 18x211 to 
311 incl. 

W 14x233 to 
550 incl. 

w 12x210 to 
336 incl. 

Group 5 

VV 36x848 
14x605 to 

730 incl. 

Notes: Structural tees from W, M and S shapes fall into the same group as the structural shape from 
which they are cut. 
Group 4 and Group 5 shapes are generally contemplated for application as columns or com- 
pression components. When used in other applications (e.g., trusses) and when thermal cut- 
ting or welding is required, special material specification and fabrication procedures apply 
to minimize the possibility of cracking. (See Part 5, Specification Sects. A3.1, J1.7, J1.8, J2.7, 
and M2.2 and corresponding Commentary sections.) 



The hot rolled shapes shown in Part 1 of this Manual are published in ASTM Specifi- 
, Standard Specification for General Requirements for Rolled Steel 

Plates, Shapes, Sheet Piling, And Bars For Structural Use. 
W shapes have essentially parallel flange surfaces. The profile of a 

a given nominal depth and weight available from different producers i 
the same except for the size of fillets between the web and flange. 

WP bearing pile shapes have essential parallel flange surfaces and equal we 
and flange thicknesses. The profile of an P shape of a given nominal depth and 
weight available from different producers essentially the same. 

American Standard beams (S) and American Standard channels (6) have a 
slope of approximately 16%% (2 in 12 in.) on their inner flange surfaces. The profiles 
of S and C shapes of a given nominal depth and weight available from different pro- 
ducers are essentially the same. 

The letter M designates shapes that cannot be classified as W, 
Similarly, MC designates channels that cannot be classified as C shapes. Because 
many of the M and MC shapes are only available from a limited number of produc- 
ers, or are infrequently rolled, their availability should be checked prior to specifying 
these shapes. They have various slopes on their inner flange surfaces, dimensions for 
which may be obtained from the respective prod 

The flange thickness given in the tables for S ,  C shapes is the average 
flange thickness. 

In calculating the theoretical weights, properties and dimensions of the rolled 
shapes listed in Part 1 of this Manual, fillets and rounding have been included for 
all shapes except angles. The properties of these rolled shapes are based on the 
smallest theoretical size fillets produced; dimensions for detailing are based on the 
largest theoretical size fillets produced. These properties and dimensions are either 
exact or slightly conservative for all producers who offer them. 

Equal leg and unequal leg a (L) shapes of the same nominal size available 
from different producers have pr which are essentially the same, except for the 
size of fillet between the legs an shape of the ends o the legs. The k distance 
given in the tables for each angle is based on the largest t eoretical size fillet wail- 
able. Availability of certain angles subject to rolling accumulation and geogra 
cal location, and should be checke with material suppliers. 



aFor application refer to Notes in Table 2. 
bHeaviea shapes in this series are available from some producers. 
Shapes in shaded rows are not available from domestic producers. 





Distance 

Area 
A 

Web 

Thickness 
tw 

Flange 
- 

T 

- 
In. 

n.fs, 
wi 
$3 $ 
tl% 
nu 
RYE 

31 % 
31 % 
31 lh 
31 l/e 
31 % 
31 '/a 
31 % 
31 lh 

32% 
32% 
32% 
32% 
32% 
32% 
32% 
32% 
32% 

- 
k 

- 
In. 

Width 
4 

Thickness 
tf 

In. 

Depth 
d 

In.' - 
@S9B 
i3;gk" 
2 m  
f 
m a g  
%Hi& 
342,~ 
f zs.B 
1 1  5.0 
105.0 
96.4 
88.3 
82.4 
76.5 
72.1 
67.6 

75.4 
68.1 
61.8 
57.0 
53.6 
50.0 
47.0 
44.2 
39.7 

aFor a ~ ~ l i c a t i o n  refer to Notes in Table 2. 
shapes'in shaded rows are not available from domestic producers. 



- 
tic 
IUS - 

ZY 

- 
Jorn- 
inal 
Wt. 
Per 
Ft 

Cornpac 
Cr 

Section 
ria 

- 

rr 

- 
In. - 
11$4 $.@ 
t73 
SA67 
0:s 

~~~ 
S+W 
1.45 
4.42 
4.39 
4.39 
4.37 
4.34 
1.32 
1.30 

3.14 
3.1 1 
3.09 
3.07 
3.05 
3.04 
3.02 
2.99 
2.93 

Axis Y-Y 

- 
Ksi - 

- 

r 

In. - 
@A 
a 4  
f6.2 
t63 
E5S 
f5.B rsis 
&& 
15.5 
15.4 
15.3 
15.2 
15.1 
15.0 
15.0 
14.9 

14.9 
14.8 
14.6 
14.6 
14.5 
14.5 
14.4 
14.3 
14.0 

- 
r 

In. - 
$27" 
$24 
LX$ 
6.12 
I:@ 
I X E  

a3 
3.95 
3.90 
3.87 
3.84 
3.83 
3.81 
3.78 
3.75 
3.73 

2.65 
!.62 
2.58 
2.56 
2.55 
2.53 
2.50 
2.47 
2.38 

Lb. - 

798 
m 
m- 
m 
486 
a9 
393 
359 
328 
300 
280 
260 
245 
230 

256 
232 
21 0 
194 
182 
170 
160 
150 
135 



Depth 
d 

In. 

-- 

Distance Web Flange 
- 

4 
- 
In. - 

15/16 

1 '/4 
13/16 

13/16 

13/16 

1% 

1 '/8 
1 '/8 
1 %6 
1 %6 

1 %6 

t'%€ 
@$ 
I%* 
s"/..: 
1%6 

1 % 
1% 
1 % 
13/16 

1% 
1 % 
1 %6 
1 %6 

- 

tw - 
2 - 

In. - 

9/16 

% 
%6 

7/16 

% 
% 

% 
5/16 

5/16 

5/16 

5/18 

5/a 
9/16 

'/2 

'/2 

7/18 

% 
% 
5/16 

Desig- 
nation 

Thickness 
tw 

Width 
4 

Thickness 
ti 

Area 
A - 

In.' In. In. - 
a?? 
w4 

29% 
yh- 
Wk 
m4 

29% 
29% 
29% 
29% 
29?h 
29% 
29% 

29% 
29% 
29% 
29% 
29% 

a% 
333% 
m+ 
BY* 
26% 
26% 
26% 
26% 
26% 
26% 
26% 
26% 
26% 

In. - 

2% 
23/18 
21/16 
115/16 

2% 
1% 
1% 

19/16 

3% 
3 
2I3/1a 
2% 
2 % ~  
2% 
2% 
1% 
1% 

In. 

aFor awlication refer to Notes in Table 2. 
b ~ e a v i h  shapes in this series are available from some producers. 
Shapes in shaded rows are not available from domestic producers. 



- 
lom- 
inal 
w t .  
Per 
Ft - 

Lb. 

Compact Section 
Criteria 

Fyln 
- 
Ksi 

- 

rr 

- 
In. - 
$'53 
&4@ 
%A2 
4.37 
&'& 
$,a3 
4.27 
4.24 
4.21 
4 18 
4.17 
4.15 
4.12 

2.95 
2.94 
2.92 
2.88 
2.84 

4 4 %  

6.29 
k24 
a@ 
4.16 
4.12 
4.09 
4.06 
4.02 
4.00 
3.99 
3.97 
3.94 

Elastic Properties Pli I Mo 

Axis X-X 
I AxisY-I 

tic 
1lus - 

ZY 

- 
~ n . ~  - 

250 
226 
202 
182 
164 
147 

84.4 
73.9 
66.9 
59.5 
51.3 

279 
252 
223 
196 
175 
154 
138 
123 



Web Flange Distance 

Desig- 
nation 

Thickness 
tw 

In. 

Width 
bl 

Thickness 
tf 

T 

- 
In. 

Area 
A - 

In.' - 
43.5 
38.9 
36.5 
34.2 
31.7 
29.1 
26.4 

1@q 
3 4 a  
131.0 
1 1  9.0 
108.0 
98.7 
90.2 
82.6 
75.7 
69.1 
63.8 
57.0 
52.3 
47.4 
42.9 

37.8 
33.5 
30.0 
27.7 
24.8 

Depth 
d 

In. 

30.67 30% 
30.31 30% 
30 17 30% 
30.01 30 
29.83 29% 
29.65 29% 
29.53 29% 

3EW "F& 
$?.$ZA " @- 
31.42 31% 
30.87 30% 
30.39 30% 
30.00 30 
29.61 29% 
29.29 29% 
28.98 29 
28.66 28% 
28.43 28% 
28.1 1 28% 
27.81 27?h 
27.59 27% 
27.38 27% 

27.63 27% 
27.29 27% 
27.09 27% 
26.92 26% 
26.71 26% 

In. 

aFor aoolication refer to Notes in Table 2. 
b~eav;ei shapes in this series are available from some producers. 
Shapes in shaded rows are not available from domestic producers. 



iom- 
inal 
w t .  
per 
Ft 

Cornpac 
Cr 

Section Elastic Properties 

Axis X-X Axis Y-Y 

Lb. - 
148 
132 
124 
116 
lo8 
99 
90 

a9 
4$4" 
448 
407 
368 
336 
307 
281 
258 
235 
217 
194 
178 
161 
146 

129 
114 
102 
94 
84 

Ksi - 
29.7 
27.2 
24.8 
23.4 
22.0 
20.3 
16.7 

- 
- 
- 
- 
- 
- 
- 

56.3 
47.0 
44.9 
37.8 
32.2 

32.2 
28.8 
23.9 
21.9 
19.6 

In. - 
2.70 
2.68 
2.66 
2.64 
2.61 
2.57 
2.56 

&Kt" 
4-65 *-"-* 

4.04 
3.96 
3.93 
3.89 
3.86 
3.84 
3.81 
3.78 
3.76 
3.74 
3.72 
3.70 
3.68 

2.59 
2.58 
2.56 
2.53 
2.49 



Web Flange Distance 

Thickness 
6% 
In. 

Width 
bt 

Thickness 
tf 

Depth 
d 

In. In. In. 

aFor ap~lication refer to Notes in Table 2. 
b~eavier  shapes in this series are available from some producers. 



qom- 
inal 
Wt. 
per 
Ft 

Lb. - 
492 
450 
408 
370 
335 
306 
279 
250 
229 
207 
192 
176 
162 
146 
131 
117 
104 

103 
94 
84 
76 
68 

62 
55 

Section 
ria 

d - 
tw 

- 
15.1 
16.1 
17.3 
18.4 
19.9 
21.5 
23.0 
25.3 
27.1 
29.6 
31.4 
33.7 
35.5 
38.1 
40.5 
44.1 
48.1 

44.6 
47.2 
51.3 
54.4 
57.2 

55.2 
59.7 

- 

F;" 
- 
Ksi - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
58.2 
52.5 
$5.6 
$0.3 
33.9 
28.5 

33.2 
B.6 
25.1 
22.3 
20.2 

21.7 
18.5 

rr 

- 
In. - 

3.80 
3.76 
3.71 
3.67 
3.63 
3.60 
3.57 
3.53 
3.51 
3.48 
3.46 
3.44 
3.45 
3.43 
3.40 
3.37 
3.35 

2.33 
2.33 
2.31 
2.29 
2.26 

1 .71 
1.68 

Elastic Properties 

Axis X-X Axis Y-Y 

r - 
In. - 
1.5 
1.4 
1.3 
1.1 
1 .o 
0.9 
0.8 
0.7 
0.7 
0.6 
0.5 
0.5 
0.4 
0.3 
0.2 
0.1 
0.1 

9.96 
9.87 
9.78 
9.69 
9.55 

9.23 
9.1 1 

r - 
In. - 
3.41 
3.36 
3.33 
3.28 
3.23 
3.20 
3.17 
3.14 
3.1 1 
3.08 
3.07 
3.04 
3.05 
3.01 
2.97 
2.94 
2.91 

1.99 
1.98 
1.95 
1.92 
1.87 

1.38 
1.34 

- 
tic 
p- 

ZY 

- 
- 
375 
337 
300 
267 
238 
21 4 
193 
171 
154 
137 
126 
115 
105 
93.2 
81.5 
71.4 
62.4 

41.5 
37.5 
32.6 
28.6 
24.5 

15.7 
13.3 



Desig- 
nation 

td 21 x A Z  
x3Bi 
x m *  
x m z  
x 2 m  
x 2 W  
x B 3  
~ X r l  
x.182 
XI66 
x147 
XI32 
XI22 
X l l l  

XI01 

W21x 93 
X 83 
x 73 
x 68 
x 62 

W 21x 57 
X 50 
x 44 

Web Flange Distance - 
T 

- 
In. - 
I@& 
t@% 
@% 
Ed% 
E&& 
E$% 
Wk 
IS% 
&%- 
18'1'4 
18% 
18% 
1 8'/4 
18% 
18% 

18'/4 
18% 
18% 
1 E1/4 
18% 

1E1/4 
18% 
18% 

k 

- 
In. - 

1% 
11%6 
11%6 
1% 
1 9 h  

11%6 
1 9 h  

1% 
I%6 
1% 

1% 
1% 
w6 

Thickness 
tw 

Width 
bf 

In. 

Thickness 
tf 

Area 
A 

Depth 
d 

In.' - 
t R s  
1 0&@ 
"S%9 
B8$ 
3BBI 
?Z.B 

"B$& 
sf& 

48.8 
43.2 
38.8 
35.9 
32.7 
29.8 

27.3 
24 3 
21 5 
20.0 
18.3 

16 7 
14.7 
13.0 

In. 

aFor application refer to Notes in Table 2. 
shapesin shaded rows are not available from domestic producers. 



F;" 
- 
Ksi - 

- 
58.6 
50.6 
13.2 
36.2 

$7.5 
38.1 
30.3 
27.4 
24.0 

24.4 
!2.0 
19.0 

Elastic Properties m - tic 
Ius - 

ZY 



Area 
A - 

Flange Distance Web - 
kl 

- 
In. - 

3/16 
13/16 
I % 
I 
I 
'5/16 
7/s 
% 
'346 
V l s  

'5/16 
'5/16 
7/a 
% 
'3/16 

% 
% 
'3/16 
'3/16 
'%6 

'3/16 
'3/16 
?'4 

'5/16 
7/s 
% 
'%6 

7/a  
'3/16 
'3/16 
'3/16 
3/4 

- 

T 

- 
In. - 

15% 
1 5 %  
1 5 %  
1 5 %  
15% 
15% 
1 5 %  
1 5 %  
15% 
1 5 %  

1 5 %  
15% 
15% 
15% 
15% 

15% 
15% 
15% 
15% 
15% 

15% 
15% 
15% 

13% 
13% 
13% 
13% 

13% 
13% 
13% 
13% 
13% 
- 

Desig- 
nation 

Width 
bf 

Thickness 
t: 

Depth 
d 

In. - 
?'4 
'%6 
YE 

% 
9/16 
% 
%6 

%6 

% 
% 

In. - 
%% 6 

33/16 
3 
23/4 

2% 6 

2%6 
2% 
2% 
2 
1% 

1% 
1% 
1% 
i7h6 
1% 

1 % 
1%6 
1% 
1% 
1 '/4 

1 % 
13/16 
1 '/a 

111/16 

1 9/16 

1% 

1 % 
15/16 
1 '/4 

1 l/s 
- 

'For application refer to Motes in Table 2. 



- 
tic 
Ius - 

4 
- 
1n.3 

- 
Jam- 
inal 
wt. 
Per 
Ft 

Section Elastic Properties 

Axis X-X Axis Y-Y 
FYI 

- 
Ksi - 

- 

i4.2 

- 
i4.0 

r - 
In. - 

8.72 
8.61 
8.53 
8.44 
8.35 
8.28 
8.20 
8.12 
8.09 
8.03 

7.90 
7.84 
7.82 
7.77 
7.73 

7.50 
7.49 
7.47 
7.41 
7.38 

7.25 
7.21 
7.04 

7.10 
7.05 
7.00 
6.96 

6.72 
6.68 
6.65 
6.63 
6.51 

Lb. - 
31 1 
283 
258 
234 
21 1 
192 
175 
158 
143 
130 

119 
106 
97 
86 
76 

71 
65 
60 
55 
50 

46 
40 
35 

100 
89 
77 
67 

57 
50 
45 
40 
36 

Ksi - 
- 
- 
- 
- 
- 
- 
- 

- 
- 

m 

- 
54.7 
45.0 
36.0 

47.4 
39.7 
34.2 
30.6 
25.7 

26.2 
20.5 
19.0 

- 
64.9 
50.1 
38.6 

45.2 
36.1 
30.2 
24.0 
22.9 

In. - 
3.26 
3.23 
3.19 
3.16 
3.13 
3.10 
3.07 
3.05 
3.03 
3.01 

3.02 
3.00 
2.99 
2.97 
2.95 

1.98 
1.97 
1.96 
1.95 
1.94 

1.54 
1.52 
1.49 

2.81 
2.79 
2.77 
2.75 

1.86 
1.84 
1.83 
1.82 
1.79 



Depth 
d 

Flange Distance Web 
- 

kl 

- 
In. - 
Y4 
3/4 

!3/1 6 

!%e 
115/1t 
I %f 

I% 
1% 

1 %  
1% 
1 7/l6 
1% 
15/16 
1 % 
13/1~ 
13/1~ 
1% 
I %6 
1%6 
1 
1 

T k 

In. In. 

13% 1% 
13% 1%6 

11% 59/16 
11% 5%6 
11% 4'%6 
11% 4% 
11% 4%e 
1 1 '/4 3% 

11% 3'%6 
11% 3% 
1I1/4 35/16 
1 1 % 3% 
11% 215/16 
11% 2% 
11% 29/16 
1 1 l/4 2% 
11% 2% 
11% 2% 
1 1  2 
11% 1% 
111/4 1% 

Thickness 
2, 

Width 
bf 

Thickness 
tt 

"For application refer to Notes in Table 2. 



dom- 
inal 
Wt. 
per 
Ft - 

Lb. - 
31 
26 

730 
665 
605 
550 
500 
455 

426 
398 
370 
342 
31 1 
283 
257 
233 
21 1 
193 
176 
159 
145 

Compact Section 
Criteria 

FYI 

- 
Ksi - 

rr 

- 
In. - 
1.39 
1.36 

1.99 
4.92 
4.85 
4.79 
4.73 
4.68 

1.64 
4.61 
4.57 
4.54 
4.50 
1.46 
1.43 
1.40 
4.37 
4.35 
4.32 
4.30 
4.28 

Elastic Properties 

Axis X-X Axis Y-Y 
- 

r - 
In. - 

6.41 
6.26 

9.17 
7.98 
7.80 
7.63 
7.48 
7.33 

7.26 
7.16 
7.07 
6.98 
5.88 
6.79 
6.71 
5.63 
6.55 
6.50 
6.43 
6.38 
6.33 

r - 
In. - 
1.17 
1.12 

1.69 
1.62 
1.55 
1.49 
1.43 
1.38 

1.34 
1.31 
1.27 
1.24 
1.20 
t.17 
1.13 
1.10 
1.07 
1.05 
1.02 
1.00 
3.98 

Plastic 
Modulus 



Area 
A - 
- 
38.8 
35.3 
32.0 
29.1 
!6.5 

24.1 
21.8 
20.0 
17.9 

15.6 
14.1 
12.6 

11.2 
10.0 
8.85 

7.69 
6.49 

Depth 
d 

Flange Distance Web 
- 

k, 

- 
In. - 
'%6 

"6 

% 

'%6 

' % 8  

'%6 

'%6 

7/s 
% 

=/0 
=/0 

% 

%6 

%6 

- 
T 

- 
In. - 
1 '/4 

1 '/4 
1 '/4 
1 '/4 
1 % 

1 
1 

8 1 
1 

1 
11 
11 

12 
12 
12 

12 
12 

- 
k 

- 
In. - 
'%6 

Yo 
%6 

%6  

% 

I =/a 

% 6  

I '/2 
% 6  

I%6 

1 3/a 
15h6 

I1/l6 

I 
'%6 

'%6 

% 

Desig- 
nation 

Thickness 
tw 

In. 

Width 
bf 

Thickness 
tf 

In. 



Plastic 
Modulus 

- 
iom- 
inal 
Wt. 
Per 
Ft - 

Lb. 

Elastic Properties ria - 
d - 
tw 

- 
22.7 
24.5 
27.3 
29.2 
31.9 

28.1 
31.5 
33.8 
37.0 

37.6 
$0.6 
44.8 

15.5 
49.1 
51.3 

54.5 
59.7 

Axis X-X Axis Y-Y 

r - 
In. - 
3.76 
3.74 
3.73 
3.71 
3.70 

2.48 
2.48 
2.46 
2.45 

1.92 
1.91 
1.89 

1.55 
1.53 
1.49 

1.08 
1.04 



Depth 
d 

In. 

Area 
A - 

In.' 

Flange Distance Web 
- 
k 

- 
In. - 

P%6 

1 % ~  
13/18 

!'5/16 

!3/4 

!% 
!% 6 

!l/4 

!'/8 

'%a 

'%e 

11/16 

% 
I l/2 

% 6  

% 
5/10 

1 %  
I '/4 

'% 
% 
'/4 

I 

'%6 

% 

% 
'%a 

3/4 

'%6 

- 

- 
f - 
2 
- 
In. - 
% 

% 
l1/16 

'%6 

% 
%6 

'/2 

7/46 

%6 

% 
5/16 

% e  

% 
% 
'/4 

3/16 

3/16 

3/16 

3/16 

3/16 

3/16 

3/16 

% 
% 

'/a 
'/a 
'/a 

% 

- 
T 

- 
In. - 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 
9% 

9% 
9% 

9% 
9% 
9% 

10% 
10% 
10% 

10% 
10'/2 

10% 
10% 

Desig- 
nation 

Thickness 
tw 

Width I Thic;;ess 
4 

'For application refer to Notes in Table 2. 



(om- 
inal 
w t .  
Per 
Ft 

Lb. - 
336 
305 
279 
252 
230 
21 0 
190 
170 
152 
136 
120 
106 
96 
87 
79 
72 
65 

.58 
53 

50 
45 
40 

35 
30 
26 

22 
19 
16 
14 

Section 
- 

F;" 
- 
Ksi - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

57.6 
54.1 

60.9 
51 .O 
40.3 

38.0 
29.3 
23.4 

29.5 
24.7 
22.2 
18.6 

rr 

- 
In. - 

3.71 
3.67 
3.64 
3.59 
3.56 
3.53 
3.50 
3.47 
3.44 
3.41 
3.38 
3.36 
3.34 
3.32 
3.31 
3.29 
3.28 

2.72 
2.71 

2.17 
2.15 
2.14 

1.74 
1.73 
1.72 

1.02 
1 .oo 
0.96 
0.95 

Elastic Properties 

Axis X-X Axis Y-Y 

r - 
In. - 

6.41 
6.29 
6.16 
6.06 
5.97 
5.89 
5.82 
5.74 
5.66 
5.58 
5.51 
5.47 
5.44 
5.38 
5.34 
5.31 
5.28 

5.28 
5.23 

5.18 
5.15 
5.13 

5.25 
5.21 
5.17 

4.91 
4.82 
4.67 
4.62 

tic 
IUS - 

ZY 
- 
~n.= - 

!74 
!44 
!20 
96 
77 
59 
43 
26 
11 
98.0 
85.4 
75.1 
67.5 
60.4 
54.3 
49.2 
44.1 

32.5 
29.1 

21.4 
19.0 
16.8 

11.5 
9.5E 
8 . l i  

3.6E 
2.9E 
2.2f 
1.9C 



Area 
A 
- 
in.' - 
32.9 
29.4 
25.9 
22.6 
20.0 
17.6 
15.8 
14.4 

13.3 
11.5 
9.71 

8.84 
7.61 
6.49 

5.62 
4.99 
4.41 
3.54 

Web Flange Distance - 
T 

- 
In. - 
7% 
7% 
7% 
7% 
7% 
7% 
7% 
7% 

7% 
7% 
7% 

8% 
8% 
8% 

8% 
8% 
8% 
8% 

Desig- 
nation 

Thickness 
tw 

Width 
bf  

Thickness 
t f  

Depth 
d 

In. In. 



Compac 

rr 

- 
In. - 
2.88 
2.85 
2.83 
!.80 
2.79 
2.77 
2.75 
2.74 

2.18 
2.16 
2.14 

1.55 
1.54 
1.51 

1.03 
1 .O1 
1.99 
1.96 

lom- 
inal 
w t .  
Per 
Ft 

Section I Elastic Properties 
tic 
Ius - 

4 
- 
- 
39.2 
31 .o 
53.1 
45.9 
40.1 
35.0 
31.3 
28.3 

20.3 
17.2 
14.0 

8.84 
7.50 
6.10 

3.35 
2.80 
2.30 
1.74 

ria - 
d - 
tw 

- 
15.0 
16.3 
17.9 
20.0 
22.1 
24.3 
27.3 
29.4 

28.9 
31.5 
33.6 

34.9 
39.7 
42.4 

41 .o 
42.1 
43.4 
51.9 

- 
F;" 
- 
Ksi - 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 

58.7 

54.2 
41.8 
36.8 

39.4 
37.2 
35.0 
24.5 

Axis Y-Y 
- 
r - 

In. - 
1.66 
1.60 
1.54 
$49 
1.44 
4.39 
1.37 
t.35 

1.32 
1.27 
1.19 

1.38 
1.35 
1.27 

1.14 
1.05 
3.95 
3.90 

- 
r - 

In. - 
.68 
.65 
.63 
.60 
.59 
5 7  
.56 
5 4  

.01 

.98 

.94 

.37 

.36 

.33 

1.874 
8.844 
1.81 0 
1.785 

Lb. - 
112 
100 
88 
77 
68 
60 
54 
49 

45 
39 
33 

30 
26 
22 

19 
17 
15 
12 



Depth 
d 

Area 
A 
- 
- 
19.7 
17.1 
14.1 
11.7 
10.3 
9.13 

8.25 
7.08 

6.16 
5.26 

4.44 
3.84 
2.96 

7.34 
5.87 
4.43 

4.74 
3.55 
2.68 

5.54 
4.68 

3.83 

Flange Distance Web 
- 

4 
- 
In. - 
'%6 
'%6 
% 
Ya 
9/16 

9/16 

9/16 

9/16 

l/2 

%s 

% 
%6 
%6 

%6 

%6 
% 

%s 
% 
YE 

%6 
%6 

%6 

- 
T 

- 
In. - 
6% 
6% 
6% 
6% 
6% 
6% 

6% 
6% 

6% 
6% 

6% 
6% 
6% 

4% 
4% 
4% 

4% 
4% 
4Y4 

3% 
3% 

2% 

- 
k 

- 
In. - 
1x6 

1 5 h  

1 3 / 1 ~  
I %S 
I 

'5/16 

'=he 
'/0 

'%6 
% 

% 
11/16 

% 

'346 
3/4 
=/a 

% 
% 
%6 

'%6 
% 

11/16 

Desig- 
nation 

Thickness 
tw 

In. 

Width 
4 

Thickness 
tf 

In. In. 



- 
lorn- 
inal 
Wt. 
Per 
Ft - 

Lb. - 
67 
58 
48 
40 
35 
31 

28 
24 

21 
18 

15 
13 
10 

25 
20 
15 

16 
12 
9 

19 
16 

13 

FY' 
- 
Ksi 

- 
- 
- 
- 
$4.4 
iO.0 

- 
j4.l 

- 
- 

- 
- 
15.8 

- 
$2.1 
31.8 

- 
- 
50.3 

- 
- 

- 

F;" 
- 
Ksi 

- 
- 
- 
- 
- 

- 
53.0 

50.2 
52.7 

50.3 
54.7 
30.7 

- 
- 
- 

- 
- 
54.8 

- 
- 

- 

rr 

- 
In. 

2.28 
2.26 
2.23 
2.21 
2.20 
2.18 

1.77 
1.76 

1.41 
1.39 

1.03 
1.01 
0.99 

1.66 
1.64 
1.61 

1.08 
1.05 
1.03 

1.38 
1.37 

1.10 

Elastic Properties 

Axis X-X Axis Y-Y 

r - 
In. - 
3.72 
3.65 
3.61 
3.53 
3.51 
3.47 

3.45 
3.42 

3.49 
3.43 

3.29 
3.21 
3.22 

2.70 
2.66 
2.56 

2.60 
2.49 
2.47 

2.17 
2.13 

1.72 

In. - 
2.12 
2.10 
2.08 
2.04 
2.03 
2.02 

1.62 
1.61 

1.26 
1.23 

0.876 
0.84: 
0.841 

1.52 
1.50 
1.46 

0.96Z 
0.911 
0.90! 

1.28 
1.27 

1 .oo 

- 
ic 
Ius - 

ZY 
- 
1n.3 - 
32.7 
!7.9 
!2.9 
18.5 
16.1 
14.1 

10.1 
8.5; 

5.6; 
4.6t 

2.6i 
2.1: 
1.6f 

8.3 
6.7: 
4.7: 

3.3; 
2.3: 
1.7; 

5.5: 
4.5; 

2.9: 



Area 
A 
- 

5.10 

3.47 
3.1 8 
2.94 

2.65 
2.35 
2.21 

1.92 

1.29 

5.55 

- 

;rip 

- 
In. - 
'/a 

% 
'/4 

3/16 

3/16 

%6 

3/16 

3/16 

3/16 

%6 

Depth 
d 

Web Flange Distance - 
k 

- 
In. - 
% 

%6 

% 
% 

%6 

%6 

%6 

'h 

%6 

7/s 

- 
T 

- 
In. - 
12% 

10% 
I I 
I1 

8% 
9 '/8 
9% 

7 

5% 

3'/4 

Desig- 
nation 

Thickness 
tw 

Width 
bf 

Thickness 
tf 



om- 
inal 
Wt. 
Per 
Ft - 

Lb. - 
18 

11.8 
10.8 
10 

9 
8 
7.5 

6.5 

4.4 

18.9 

Section 
ria - 
d - 
tw 

- 
5.1 

j7.8 
'4.8 
10.3 

$3.7 
'0.6 
'6.8 

i9.3 

i2.6 

15.8 

r, 

- 
In. - 
1.91 

1.68 
1.69 
1.74 

1.61 
1.61 
1.60 

1.53 

1.44 

.29 

Elastic Properties 

Axis X-X 
- 
r - 

In. - 
i.38 

1.55 
1.55 
1.57 

1.83 
1.82 
1.85 

1.10 

!.36 

!.08 

Axis Y-Y 
- 

r - 
In. - 
1.719 

1.532 
1.537 
1.576 

1.480 
1.427 
1.474 

1.423 

1.358 

.19 

- 
Tor- 
iona 
:on- 
itant 

J - 
- 
3.1 1 

3.05 
3.04 
3.03 

3.03 
3.02 
3.02 

0.02 

0.01 

0.34 

PIi 
Mo1 - 

z x  
- 
ln.3 - 
4.9 

4.3 
3.2 
2.2 

9.19 
8.17 
7.73 

5.42 

2.80 

1 .o 



Area 
A 
- 
- 
35.6 
31.2 

29.3 
26.5 
23.5 

28.2 
25.3 

22.0 
19.4 

20.6 
16.1 

14.7 
12.6 

14.7 
12.0 

10.3 
9.35 

10.3 
7.46 

6.77 
5.41 

5.88 
4.50 

5.07 
3.67 

4.34 
2.94 

2.79 
2.26 

2.21 
1.67 

Depth 
d 

Web Flange Distance - 
k 

- 
In. - 
! 
! 

% 
3/4 
3/4 

% 
I % 

I% 
1% 

I% 
1/23 

% 
I % 

7/15 

%6 

3/15 

3/16 

l/s 
'/a 

'%t 
l%t 

Va 
Va 

l3/1€ 
l3/1€ 

3/4 
3/4 

'%I 
l%t 

tw - 
2 

In. 

7/16 

5/16 

% 
5/16 

1/4 

%6 
% 

5/18 

1/4 

% 
% 

5/16 

'/4 

% 
'/4 

% 
3/16 

5/16 

3/16 

'/4 

% 

'/4 

'/a 

'/4 

% 

'/4 
% 

3/16 

'/a 

3/16 

% 

- 
T 

- 
In. - 
!O% 
!O% 

?O% 
!O% 
!01/2 

163/4 
163/4 

16% 
16% 

15 
15 

12'/4 
12% 

9% 
9% 

9% 
9% 

7% 
7% 

6 
6 

5% 
5% 

4'/4 
4% 

3% 
3% 

2% 
2% 

1% 
1 % 

Desig- 
nation 

j24X121 
XI06 

j24X100 
X 90 
x 80 

j20X96 
X 86 

S20~75 
x 66 

j 18x70 
x54.7 

j 15x50 
X42.9 

j12X50 
x40.8 

j l2x35 
x31.8 

j 10x35 
x25.4 

j 8x23 
X 18.4 

j 7x20 
x 15.3 

j 6X17.2 
X12.5 

j 5X14.7 
x10 

; 4x95 
x7.7 

j 3x75  
x5.7 

Thickness 
tw 

Width 
4 

Thickness 
tf 

In. 

8.050 8 
7.870 7% 

7.245 7% 
7.1 25 7% 
7.000 7 

7.200 7'/4 
7.060 7 

6.385 6% 
6.255 6% 

6.251 6% 
6.001 6 

5.640 5% 
5.501 5% 

5.477 5% 
5.252 5% 

5.078 5% 
5.000 5 

4.944 5 
4.661 4% 

4.171 4% 
4.001 4 

3.860 3% 
3.662 3% 

3.565 3% 
3.332 3% 

3.284 3% 
3.004 3 

2.796 2% 
2.663 2% 

2.509 2% 
2.330 2% 



Plastic 
Modulus 

- 
lorn- 
inal 
wt .  
Per 
Ft - 

Lb. - 
?I 
36 

30 
30 
30 

36 
36 

75 
96 

70 
54.7 

50 
12.9 

50 
40.8 

35 
31.8 

35 
25.4 

23 
18.4 

20 
15.3 

17.2! 
12.5 

14.7! 
10 

9.5 
7.7 

7.5 
5.7 

Section 
- 

rr 

- 
In. 

1.86 
1.86 

1.59 
1.60 
1.61 

1.63 
1.63 

1.43 
1.44 

1.36 
1.37 

1.26 
1.26 

1.25 
1.24 

1.16 
1.16 

1.10 
1.09 

0.95 
0.94 

0.88 
0.87 

0.81 
0.79 

0.74 
0.72 

0.65 
0.64 

0.59 
0.57 

- 
Tor- 
iional 
con- 
stant 

J - 
1n.4 - 
12.8 
10.1 

7.58 
6.04 
4.88 

8.39 
6.64 

4.59 
3.58 

4.15 
2.37 

2.12 
1.54 

2.82 
1.76 

1.08 
0.90 

1.29 
0.60 

0.55 
0.34 

0.45 
0.24 

0.37 
0.17 

0.32 
0.1 1 

0.12 
0.07 

0.09 
0.04 

Elastic Properties 
- 

Axis X-X h i s  Y-Y 

r - 
In. - 
1.53 
1.57 

1.27 
1.30 
1.34 

1.33 
1.36 

1.16 
1.19 

1.08 
1.14 

1.03 
1.07 

1.03 
1.06 

0.980 
1 .oo 
0.901 
0.954 

0.798 
0.831 

0.734 
0.766 

0.675 
0.705 

0.62C 
0.643 

0.56s 
0.581 

0.51E 
0.522 

In. - 
9.43 
9.71 

9.02 
9.21 
9.47 

7.71 
7.89 

7.62 
7.83 

6.71 
7.07 

5.75 
5.95 

4.55 
4.77 

4.72 
4.83 

3.78 
4.07 

3.10 
3.26 

2.69 
2.86 

2.28 
2.45 

1.87 
2.05 

1.56 
1.64 

1.15 
1.23 



Desig- 
nation 

iP 14x117 
XlOi 
x 8E 
x 73 

IP 13xlOC 
X 87 
x 72 
x 6C 

1P 12X 84 
x 74 
x 63 
x 52 

iP lox  57 
x 42 

iP 8x 3E 

Area 
A 

Web 

Thickness 
tw 

Flange Distance - 
T 

- 
In. - 

11% 
11% 
11% 
11% 

10% 
1 01/4 
10% 
10% 

9% 
9% 
9% 
9% 

7% 
7% 

6% 

- 
k 

- 
In. - 

1 %  
1 ?h 
1% 
1 % ~  

17/16 

1% 
1 % 
1% 

1% 
1 %e 
1 l/4 

l % 

1% 
I%a 

%s 

Width 
4 

Thickness 
tf 

Depth 
d 



- 
ic 
Ius - 

ZY 
- 
~ n . =  - 
31.4 
78.8 
97.7 
54.6 

58.6 
58.5 
48.8 
39.0 

53.2 
46.6 
38.7 
32.2 

30.3 
21.8 

15.2 

r, 

- 
In. - 
..oo 
1.97 
1.94 
1.90 

1.54 
1.51 
1.47 
1.43 

1.29 
1.26 
1.23 
1.20 

!.74 
1.69 

!.I8 

Elastic Properties 
- 
Tor- 
iona 
:on- 
;tant 

J - 
- 
9.02 
5.40 
3.60 
2.01 

9.25 
4.12 
2.54 
1.39 

4.24 
2.98 
1.83 
1.12 

1.97 
3.81 

3.77 

dom- 
inal 
w t .  
per 
Ft 

Compi 
I: 

Section 
- 

- 
Ks - 
19. 
18. 
!9. 
!O. 

i6. 
13. 
11. 
!l. 

i2. 
12. 
to. 
!2. 

il. 
!9. 

io. 

Axis X-X Axis Y-Y 

r 
In. - 
i.96 
i.92 
i.88 
i.84 

i.49 
i.45 
i.40 
i.36 

i.14 
i.11 
i.06 
i.03 

1.18 
1.13 

1.36 

- 
r 

In. - 
3.59 
3.56 
3.53 
3.49 

3.16 
3.13 
3.10 
3.07 

2.94 
2.92 
2.88 
2.86 

2.45 
2.41 

1.95 

Lb. - 
117 
102 
89 
73 

100 
87 
73 
60 

84 
74 
63 
53 

57 
42 

36 



Designation 

epth Web 

Thickness 
tw 

In. In. 

I 

I 

I 

1 

I 
I 

I 
I 
I 

I 
I 

I 

1 

I 

i 
1 
1 

- 

tw - 
2 
A 

In. 

% 
'/4 

3/16 

% 
3/16 

'/6 

5/16 

% 
3/18 

'/8 

% 
% 
% 

% 
'16 

'/8 

3/16 

3/16 

% 

3/16 

3/16 

% 

3/16 

'/8 

3/16 

%6 

%6 

'/6 

%e  

Flange 

Width 
bf 

Average 
thickness 

t' 

Distance 
A 

T 

- 
In. - 
12% 
12% 
12lh 

93/4 

93/4 

93/4 

8 
8 
8 
8 

7% 
7% 
7% 

6% 
6% 
6% 

5% 
5% 
5% 

4% 
4% 
4% 

3% 
3% 

2% 
2% 

I % 
1% 
1% 

k 

- 
In. - 

17/16 

17/16 

17/16 

1 '/6 
1 '/6 
1% 

1 
1 
1 
1 

'5/16 

'5/16 

' Y l 6  

'5/16 

'5/16 

'5/16 

7/a  
% 
% 

'3/16 

'3/16 

'%6 

Y4 
Y4 

'%6  

'%6  

11/16 

'%6  

'%6  

Uax. 
'Ige. 
Fas- 
ten- 
er - 
In. - 

1 
1 
1 

% 
7/a  
% 

Y4 
3/4 

3/4 

Y4 

Y4 
Y4 
3/4 

3/4 

3'4 

Y4 

Ya 
=/a 

% 

% 
% 
% 

% 
- 

% 
- 

- 
- 
- 



Nom- 
inal 
Wt. 
Per 
Ft 

Lb. 

R 

In. 

Shear 
Center 
Loca- 
tion 

eo 

In. 

Axis X-X Axis Y-Y 

r 

- 
In. - 

5.24 
5.44 
5.62 

4.29 
4.43 
4.61 

3.42 
3.52 
3.66 
3.87 

3.22 
3.40 
3.48 

2.82 
2.99 
3.1 1 

2.51 
2.60 
2.72 

2.13 
2.22 
2.34 

1.83 
1.95 

1.47 
1.56 

1.08 
1.12 
1.17 

S 

In." 

r 

In. 



Desig- 
nation 

Area 
A 
- 
ln.? 

Depth 
d 
- 

In. 

Web 

Thickness 
tw 

In. 

Flange 

Width 
bf 

Average 
Thickness 

Distance 
- 

T 

- 
In. - 
15% 
15% 
15% 
15'/4 

101/4 

10% 
10% 
10% 

9% 
9% 
9% 
9% 
9% 

10% 

7% 
7% 
7% 

7% 
7% 

8% 

9% 

- 
k 

- 
In. - 

1% 
1% 
1% 
1 % 

1 % 
l % 
1% 
1% 

15/16 

1% 
1% 
1% 
1% 

l%6 

1% 
1 '/4 
1% 

1 '/4 
1 '/4 

l%6 

%6 

;rip 

In. 

% 
% 
% 
% 

5/s 
%6 

% 6 
%6 

''A6 

'%6 

l%e 
'%6 

'%6 

%6 

%6 

9/16 

9/16 

9/16 

- 

- 
Vlax. 
'Ige. 
Fas- 
ten- 
er - 
In. 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 
1 

- 

7/a  
7 /a  
% 

% 
% 

- 

- 



I 

In. 

- 
Shear 
Center 
Loca- 
tion 

eo 

In. 

Axis X-X 

r 
- 

In. 

Axis Y-Y 

r 

In. 



lepth 
d 
- 

In. 

Web Flange 

Thickness 
tw 

Width 
bf 

Average 
Thickness 

t, 

Distance 
- 

T 

- 
In. - 
6% 
6% 

5% 
5% 

5% 
5% 

6% 

4Y4 

4% 

3% 
4'/4 

3% 
3% 

4% 

- 
k 

- 
In. - 
3/16 

%6 

3/16 

3/16 

'/e 
'/a 

% 

'/s 
</a 

% 6 
% 

% 6 
% 6 

'?'IS 

;rip 

- 
In. - 
9/16 

9/16 

Ih 
% 

l/2 

'/2 

5/16 

l/2 

'/2 

% 
% 

l/2 

l/2 

3/s 



Nom- 
inal 
w t .  
Per 
Ft 

Lb. 

25.4 
23.9 

22.8 
21.4 

20 
18.7 

8.5 

22.7 
19.1 

18 
15.3 

16.3 
15.1 

12 

In. 

0.970 
0.981 

1.01 
1.02 

0.840 
0.849 

0.428 

1.04 
1.08 

1.12 
1.05 

0.927 
0.940 

0.704 

Shear 
Center 
Loca- 
tion 

eo 

In. 

0.986 
1.04 

1.04 
1.09 

0.843 
0.889 

0.542 

1.01 
1.15 

1.17 
1.16 

0.930 
0.982 

0.725 

Axis X-X Axis Y-Y 

In. - 
3.43 
3.48 

3.09 
3.13 

3.05 
3.09 

3.05 

2.67 
2.77 

2.37 
2.38 

2.33 
2.37 

2.30 

In. 

1.01 
1.01 

1.03 
1.03 

0.872 
0.874 

0.501 

1.05 
1.04 

1.06 
1.05 

0.892 
0.889 

0.728 



Size 
and 

Thickness 
In. 

k 
- 
In. - 

1% 
11/16 

1 

1% 
1 5/8 
1 % 
1% 
1 '/4 
1% 
1 % 

1 % 
1% 
1 '/4 
1% 
11/16 
1 

5/i 

1 % 
1 '/4 
1 %6 

1 

1 '/4 
1 '/a 
1 
% 

Veigh 
Per 
Ft - 

Lb. - 
26.3 
23.8 
21.3 

56.9 
51 .O 
45.0 
38.9 
32.7 
29.6 
26.4 

44.2 
39.1 
33.8 
28.5 
25.7 
23.0 
20.2 

37.4 
28.7 
21.9 
19.6 

26.2 
22.1 
17.9 
13.6 

Area 
- 
In.' - 
7.73 
7.00 
6.25 

16.7 
15.0 
13.2 
11.4 
9.61 
8.68 
7.75 

13.0 
11.5 
9.94 
8.36 
7.56 
6.75 
5.93 

11 .o 
8.44 
6.43 
5.75 

7.69 
6.48 
5.25 
3.98 

AXlS X-X - 
r - 

In. - 
2.90 
2.91 
2.92 

2.42 
2.44 
2.45 
2.47 
2.49 
2.50 
2.50 

2.49 
2.51 
2.53 
2.54 
2.55 
2.56 
2.57 

2.52 
2.55 
2.58 
2.59 

2.22 
2.24 
2.25 
2.27 

- 
y 
In. - 

3.36 
3.33 
3.31 

2.41 
2.37 
2.32 
2.28 
2.23 
2.21 
2.19 

2.65 
2.61 
2.56 
2.52 
2.50 
2.47 
2.45 

3.05 
2.95 
2.88 
2.86 

2.51 
2.46 
2.42 
2.37 

AXlS Y-Y 

r - 
In. - 

1.04 
1.04 
1.05 

X - 
In. - 

0.858 
0.834 
0.810 

AXlS z-z 
r - 

In. - 
.84i 
.85( 
.85r 

1.56 
1.56 
1.57 
1.58 
1.58 
1.59 
1.59 

1.28 
1.28 
1.29 
1.29 
1.30 
1.30 
1.31 

0.84f 
0.85: 
0.861 
0.86: 

0.86( 
0.86t 
0.872 
0.88( 

- 
Tan 



- 
k 

In. - 
'/2 
% 
'/4 

'h 
%6 

'% 
% 

% 
'h 

I 'h 
I%€ 
I 
' % 
% 
' ?'l 

I 
7/s 
1% 

1% 
1 'h 
1 'h 
I 

5/1 

% 
'% 

Lb. - 
37.4 
33.1 
28.7 
24.2 
21.9 
19.6 
17.2 
14.9 
12.4 

27.2 
23.6 
20.0 
18.1 
16.2 
14.3 
12.3 
10.3 

15.3 
11.7 
9.8 

27.2 
23.6 
20.0 
16.2 
14.3 
12.3 
10.3 

AXlS X-X - 
r - 

In. - 
1.80 
1.81 
1.83 
1.84 
1.85 
1.86 
1.87 
1.88 
1.89 

1.86 
1.88 
1.90 
1.90 
1.91 
1.92 
1.93 
1.94 

1.92 
1.94 
1.95 

1.49 
1.51 
1.52 
1.54 
1.55 
1.56 
1.57 

- 
y 
In. - 
1.86 
1.82 
1.78 
1.73 
1.71 
1.68 
1.66 
1.64 
1.62 

2.12 
2.08 
2.03 
2.01 
1.99 
1.96 
1.94 
1.92 

2.08 
2.04 
2.01 

1.57 
1.52 
1.48 
1.43 
1.41 
1.39 
1.37 

AXIS Y-Y 

r - 
In. - 

I .80 
I .81 
I .83 
I .84 
I .85 
1.86 
1.87 
I .88 
I .89 

I .ll 
1.12 
1.13 
1.14 
1.15 
1.16 
1.17 
1.17 

1.972 
1.988 
1.996 

1.49 
1.51 
1.52 
1.54 
1.55 
1.56 
1.57 

X - 
In. - 

1.86 
1.82 
1.78 
1.73 
1 .71 
1.68 
1.66 
1.64 
1.62 

1.12 
1.08 
1.03 
1.01 
0.987 
0.964 
0.941 
0.918 

0.833 
0.787 
0.763 

1.57 
1.52 
1.48 
1.43 
1.41 
1.39 
1.37 

AXlS 2-Z 

In. - 
1.17 
1.17 
1.17 
1.18 
1.18 
1 . I8 
1.19 
1.19 
1.20 

0.857 
0.860 
0.864 
0.866 
0.870 
0.873 
0.877 
0.882 

0.759 
0.767 
0.772 

0.973 
0.975 
0.978 
0.983 
0.986 
0.990 
0.994 

- 
Tan 
a - 

1 .ooo 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

0.421 
0.428 
0.435 
0.438 
0.440 
0.443 
0.446 
0.448 

0.344 
0.350 
0.352 

1.000 
1.000 
1.000 
I .ooa 
i .ooa 
1 .ooa 
1 .ooa 



Size 
and 

Thickness 

In. 

.5X3'/2X Y4 
=/a 
'17 

%€ 
% 
5/16 

'14 

.5x3 x =/a 
'h 
%€ 
3/s 
5/16 

'/4 

- 4 x 4  x Y4 
Ya 
'/7 

%6 
34 
5/16  

'/4 

-4X3'1zX '17 

%6 
Y0 

5/16  

'/4 

L 

- 
k 
- 
In. 

I '/4 
1 %  
I 
'% 
5'0 
1% 

Y4 

I 
I 

' 5 /1  
5'0 
'K 
3/4 

I '/a 
I 
7/8 
' ?4 

3/4 
1% 

=/a 

' % 

7/8 
'34 
3/4 

' % 

- 
Yeigh 
Per 
Ft 

Lb. 

19.8 
16.8 
13.6 
12.0 
10.4 
8.7 
7.0 

15.7 
12.8 
11.3 
9.8 
8.2 
6.6 

18.5 
15.7 
12.8 
11.3 
9.8 
8.2 
6.6 

11.9 
10.6 
9.1 
7.7 
6.2 

AXlS X-X AXlS Y-Y 
- 

r - 
In. - 

1.55 
1.56 
1.58 
1.59 
1.60 
1.61 
1.62 

1.57 
1.59 
1.60 
1.61 
1.61 
1.62 

1.19 
1.20 
1.22 
1.23 
1.23 
1.24 
1.25 

1.23 
1.24 
1.25 
1.26 
1.27 

In. - 
0.977 
0.991 
1.01 
1.01 
1.02 
1.03 
1.04 

0.815 
0.829 
0.837 
0.845 
0.853 
0.861 

1.19 
1.20 
1.22 
1.23 
1.23 
1.24 
1.25 

1.04 
1.05 
1.06 
1.07 
1.07 

1 AXIS z-z 
x r 

In. In. 

0.996 0.748 
0.951 0.751 
0.906 0.755 
0.883 0.758 
0.861 0.762 
0.838 0.766 
0.814 0.770 

0.796 0.644 
0.750 0.648 
0.727 0.651 
0.704 0.654 
0.681 0.658 
0.657 0.663 

1.27 0.778 
1.23 0,779 
1.18 0.782 
1.16 0.785 
1.14 0.788 
1.12 0.791 
1.09 0.795 

1.00 0.722 
0.978 0.724 
0.955 0.727 
0.932 0.730 
0.909 0.734 

- 
Tan 

(Y - 
0.464 
0.472 
0.479 
0.482 
0.486 
0.489 
0.492 

0.349 
0.357 
0.361 
0.364 
0.368 
0.371 

1.000 
1.000 
1.00c 
1 .ooc 
1 .ooc 
1 .ooc 
1.00c 

0.750 
0.753 
0.756 
0.757 
0.759 



Neigh1 
Per 
Ft - 

Lb. 

Area 

- 

AXlS X-X 

I S r y Z  
h3 In. In. 

5.05 1.89 1.25 1.33 2.42 
4.52- 1.68 1.25 1.30 2.18 
3.96 1.46 1.26 1.28 1.92 
3.38 1.23 1.27 1.26 1.65 
2.77 1.00 1.28 1.24 1.36 

AXlS Y-Y 

In. - 
0.864 
0.871 
0.879 
0.887 
0.896 

1.06 
1.07 
1.07 
1.08 
1.09 

0.881 
0.889 
0.897 
0.905 
0.914 

0.704 
0.71 1 
0.719 
0.727 
0.735 

0.898 
0.905 
0.913 
0.922 
0.930 
0.939 

I AXIS 2-z - 
Tan 

(Y - 
0.543 
0.547 
0.551 
0.554 
0.558 

1.000 
1 .ooo 
1 .ooo 
1 .ooo 
1.000 

0.714 
0.718 
0.721 
0.724 
0.727 

0.486 
0.491 
0.496 
0.501 
0.506 

1 .ooo 
1.000 
1.000 
1.000 
1.000 
1.000 



Size 
and I I 

Thickness 

Veighi 
Per 
Ft - 

Lb. 

Area 
- 
In.' 

AXlS X-X AXIS Y-Y AXlS Z-Z 

r - 
In. - 

0.520 
0.521 
0.522 
0.525 
0.528 
0.533 

0.428 
0.429 
0.430 
0.432 
0.435 
0.439 

0.487 
0.487 
0.489 
0.491 
0.495 

0.420 
0.422 
0.424 
0.427 

0.389 
0.390 
0.391 
0.394 
0.398 

Tan 
ci - 

0.66; 
0.67: 
0.67f 
0.68( 
0.68~ 
0.681 

0.41r 
0.42' 
0.42t 
0.43! 
0.44( 
0.44t 

1 .OO( 
1 .OO( 
1 .OO( 
1 .OO( 
1 .OO( 

0.61L 
0.62( 
0.62f 
0.63' 

1 .OO( 
1 .OO( 
1 .OO( 
1 .OO( 
1 .OO( 



Size 
and 

Thickness 
In. 

leigh 
Per 
Ft - 

Lb. 

MIS X-X - 
r - 

In. - 
.52! 
.53; 

,445 
.45; 

,365 
.37i 

.34! 

.30d 

- 
Y - 
In. - 
.52C 
.5Of 

.46f 

.44' 

.40: 
,381 

.32i 

.29L 

AXIS z-z - 
r - 

In. 

- 
X - 
In. - 

1.529 
h506 

1.466 
1.444 

1.403 
1.381 

1.327 

1.296 

- 
r - 

In. - 
,341 
,343 

.292 

.293 

,243 
,244 

.221 

,196 

- 
Tan 
a - 

1.000 
1.000 

1.000 
1.000 

1.000 
1 .ow 

1.000 

1 .ooo 



Other gages are permitted to suit specific requirements subject to clearances and 
edge distance limitations. 



Structural tees are obtained by splitting the webs of various beams, generally with 
the aid of rotary shears, and straightening to meet established tolerances listed in 
Standard Mill Practice, Part 1 of this Manual. 

Although structural tees may be obtained by off-center splitting, or by splitting 
on two lines, as specified on order, the Dimensions and Properties for Designing are 
based on a depth of tee equal lo ?h the published beam depth. The table shows prop- 
erties and dimensions for these full-depth tees. Values of Q, and C,' are given for F, 
= 36 ksi and F, = 50 ksi, for those tees having stems which exceed the noncompact 
section criteria of AISC ASD Specification Sect. 5.1. Since the cross section is com- 
prised entirely of unstiffened elements, Q, = 1.0 and Q = Q,, for all tee sections. 
The flexural-torsional properties table also lists the dimensional values ( fo and H )  
and cross section constant J needed for checking torsional and flexural-torsional 
buckling. 

The table may be used as follows for checking allowable stresses for (1) flexural 
buckling and (2) torsional or flexural-torsional buckling. 

Where no value of Qs is shown, the allowable compressive stress is given by AISC 
ASD Specification Sect. E2. Where a value of Qs is shown, the strength must be 
reduced in accordance with Appendix B5. 

The allowable stresses for torsional or exural-torsional buckling can be determined 
from the AISC Load and Resistance Factor Design (LRFD) Specification Appendix 
E3. This involves calculations with J ,  fo,  abulated in Part 1 of this Manual. 
For further discussion see Part 3 of this 



- 
Dis- 
tancl 

k 
- 

In. - 
3% 
3 
2% 
2'%, 
2 % ~  
2% 
2% 

2% 
2% 
25/16 
23/16 
2% 
2 
1 l5/1 
1% 
1% 

2% 
21 % 
2 % ~  
2% 

2% 
1% 

2 % ~  
1% 
1 % 
11% 
1% 

2% 
2% 
1 1% 
1% 

2 
1 3/4 
11% 
1 =/6 
1% 
1 % ~  

- 
Area 

of 
Stem 
- 
~ n . ~  - 
20.9 
18.9 
17.4 
16.2 
15.2 
14.4 
13.6 

18.0 
16.1 
15.2 
14.0 
13.2 
12.3 
11.7 
11.2 
10.7 

20.6 
18.3 
16.7 
15.0 
14.2 
13.1 
12.0 

11.3 
10.6 
10.1 
9.60 
9.04 

13.0 
12.0 
10.9 
9.97 

9.96 
9.32 
8.82 
8.48 
8.13 
7.71 

. 
Flange 

Width Thickness 
bf t f 
In. In. 

Designation 

Depth 
of 

Tee 
d 

Stem - 
tw - 
2 - 

In. - 
%6 

112 
'h 
%6 

%6 

%s 
Y0 

% 
%6 

%6 

?h 
% 
% 
5/16 

5/16 

5/18 

% 
%6 

I12 
%6 

%6 

% 
% 

?h 
5/16 

5/16 

5/16 

5/16 

%6 

% 
% 
5/16 

5/16 

5/16 

5/16 

5/18 

5/16 

% 

- 

Thickness 
tw 

Area 

- 
- 
52.7 
48.2 
44.1 
41.2 
38.2 
36.0 
33.8 

37.7 
34.1 
30.9 
28.5 
26.8 
25.0 
23.5 
22.1 
19.9 

52.1 
46.7 
42.8 
38.7 
35.4 
32.5 
29.5 

24.8 
22.4 
20.8 
19.2 
17.3 

34.5 
31 .O 
28.1 
25.4 

21.7 
19.4 
18.2 
17.1 
15.9 
14.5 



Axis X-X 

In. - 
5.33 
5.29 
5.27 
5.25 
5.26 
5.26 
5.25 

5.66 
5.63 
5.65 
5.62 
5.62 
5.61 
5.61 
5.62 
5.66 

5.03 
4.99 
4.97 
4.94 
4.96 
4.96 
4.95 

5.12 
5.14 
5.15 
5.18 
5.20 

4.42 
4.43 
4.42 
4.42 

4.63 
4.66 
4.66 
4.67 
4.69 
4.71 - 

In. - 
4.33 
4.21 
4.13 
4.07 
4.05 
4.03 
4.01 

4.92 
4.82 
4.87 
4.80 
4.77 
4.73 
4.74 
4.78 " 
4.96 

4.16 
4.02 
3.94 
3.84 
3.85 
3.81 
3.78 

4.21 
4.26 
4.29 
4.36 
4.47 

3.42 
3.40 
3.35 
3.31 

3.84 
3.90 
3.90 
3.94 
4.01 
4.09 

Axis Y-Y 

In. - 
3.86 
3.84 
3.83 
3.81 
3.78 
3.75 
3.73 

2.65 
2.62 
2.58 
2.56 
2.55 
2.53 
2.50 
2.47 
2.38 

3.74 
3.71 
3.69 
3.66 
3.63 
3.59 
3.56 

2.50 
2.47 
2.43 
2.39 
2.32 

3.52 
3.49 
3.46 
3.43 

2.28 
2.25 
2.23 
2.19 
2.15 
2.10 

of &'or Qs is shown, the Tee complies with the noncompact section criteria of Specifi- 
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Designation 

IT 13.5x108.5 
x 97 
x 89 
x 80.5 
x 73 

IT 13.5x 64.5 
x 57 
X 51 
x 47 
x 42 

IT 12 x 88 
X 81 
x 73 
x 65.5 
X 58.5 
x 52 

IT12 x 51.5 
x 47 
x 42 
x 38 
x 34 

/T 12 x 31 
x 27.5 

IT 10.5x 83 
x 73.5 
x 66 
x 61 
x 55.5 
x 50.5 

IT 1 0 . 5 ~  46.5 
X 41.5 
X 36.5 
x 34 
x 31 

IT 1 0 . 5 ~  28.5 
x 25 
x 22 

Area 

- 
In.' - 

31.9 
28.5 
26.1 
23.7 
21.5 

18.9 
16.8 
15.0 
13.8 
12.4 

25.8 
23.9 
21.5 
19.3 
17.2 
15.3 

15.1 
13.8 
12.4 
11.2 
10.0 

9.11 
8.10 

24.4 
21.6 
19.4 
17.9 
16.3 
14.9 

13.7 
12.2 
10.7 
10.0 
9.13 

8.37 
7.36 
6.49 

Depth 
of 

Tee 
d 

Stem 

Thickness 
f 

Flange 
- 
Dis- 
ancz 
k 
- 
In. - 

23/16 
2% 
1% 
1% 
11%1 

ll?'il 

1 % 
1 %6 
1%6 
1% 

2% 
2 
1% 
1 % 
1 =/a 
1 '/2 

1% 
1 =/a 
1 % ~  
1%6 
1% 

1% 
1 5/16 

2% 
1% 
1% 
11%, 
1% 
1%6 

111/11 
1% 
1% 
1 %6 
1% 

1 % 
1% 
1% 



- 
lorn- 
inal 
w t .  
Per 
Ft - 

Lb. 

08.5 
97 
89 
80.5 
73 

64.5 
57 
51 
47 
42 

88 
81 
73 
65.5 
58.5 
52 

51.5 
47 
42 
38 
34 

31 
27.5 

83 
73.5 
66 
61 
55.5 
50.5 

46.5 
41.5 
36.5 
34 
31 

28.5 
25 
22 - 

Axis X-X Axis Y-Y 
- 

r 

In. - 
3.32 
3.29 
3.26 
3.24 
3.21 

2.21 
2.18 
2.15 
2.12 
2.07 

3.04 
3.05 
3.01 
2.97 
2.94 
2.91 

1.99 
1.98 
1.95 
1.92 
1.87 

1.38 
1.34 

2.98 
2.95 
2.93 
2.92 
2.90 
2.89 

1.84 
1.83 
1.81 
1.80 
1.77 

1.35 
1.30 
1.26 - 

In. - 
3.97 
3.95 
3.98 
3.96 
3.95 

4.13 
4.15 
4.14 
4.16 
4.18 

3.51 
3.50 
3.50 
3.52 
3.51 
3.51 

3.67 
3.67 
3.67 
3.68 
3.70 

3.79 
3.80 

3.04 
3.08 
3.06 
3.04 
3.03 
3.01 

3.25 
3.22 
3.21 
3.20 
3.21 

3.29 
3.30 
3.31 - 

In. - 
3.1 1 
3.03 
3.05 
2.99 
2.95 

3.39 
3.42 
3.37 
3.41 
3.48 

2.74 
2.70 
2.66 
2.65 
2.62 
2.59 

3.01 
2.99 
2.97 
3.00 
3.06 

3.46 
3.50 

2.39 
2.39 
2.33 
2.28 
2.23 
2.18 

2.74 
2.66 
2.60 
2.59 
2.58 

2.85 
2.93 
2.98 - 

Where no value of G;or Q, is shown, the Tee complies with the noncompact section criteria of Specifi- 
cation Sect. B5.1 



imension 

- 
Dis- 
a n a  

k - 
In. - 
2 
1% 
1 3/4 
1% 
19/16 

17/16 

1 % 

1 % 
17/16 

1% 
1% 
1 '/4 

1% 
13/16 

1 '/8 

1 %, 
1 9 / 1 ~  

17/16 

1 % 

1% 
1 % ~  
1 % 
13/18 

1% 

1% 
1 %s 

Area 

- 
In." - 
21 .o 
19.1 
17.5 
15.6 
14.3 
12.7 
11.2 

10.4 
9.55 
8.82 
8.10 
7.33 

6.77 
5.88 
5.15 

14.7 
13.1 
11.3 
9.84 

8.38 
7.37 
6.63 
5.89 
5.28 

4.56 
3.84 

Depth 
of 

Tee 
d 

Stem 

Thickness 
tw 

Flange 

Width 
bf 

Thickness 
tf 

Designation 



Axis X-X 

In. - 
2.60 
2.58 
2.60 
2.59 
2.56 
2.55 
2.54 

2.74 
2.72 
2.71 
2.71 
2.70 

2.77 
2.76 
2.79 

2.28 
2.27 
2.24 
2.22 

2.41 
2.40 
2.39 
2.37 
2.41 

2.45 
2.47 

In. - 
2.09 
2.02 
2.03 
1.97 
1.91 
1.86 
1 .a0 

2.26 
2.20 
2.16 
2.16 
2.12 

2.33 
2.29 
2.39 

1.76 
1.70 
1.63 
1.56 

1.94 
1.89 
1.86 
1 .a1 
1.88 

2.02 
2.09 

Axis Y-Y - 
r 
- 
In. - 

2.72 
2.70 
2.69 
2.66 
2.65 
2.63 
2.61 

1.70 
1.69 
1.69 
1.67 
1.65 

1.29 
1.27 
1.22 

2.51 
2.49 
2.47 
2.46 

1.60 
1.59 
1.57 
1.57 
1.52 

1.17 
1.12 

F, = 36 ksi 



- 
Dis- 
ancf 
k - 

In. - 
59/16 
53/16 
4% 
4% 
43/16 
37/6 
3l%t 
3% 
3% 
3% 
2% 
2% 
2 % ~  
2% 
2% 
2% 
2 
1 'I8 

1% 

Depth 
of 

Tee 
d 

Stem Flange 

Area -T Thickness Thickness 
tf 

In. 

Designation 

- 
In. 



Axis X-X 

In. - 
2.62 
2.52 
2.43 
2.34 
2.26 
2.19 
2.14 
2.10 
2.05 
2.01 
1.96 
1.92 
1.88 
1.84 
1.81 
1.78 
1.76 
1.73 
1 .7l 

In. - 
3.47 
3.25 
3.05 
2.85 
2.67 
2.51 
2.40 
2.30 
2.19 
2.09 
1.97 
1.86 
1.75 
1.65 
1.57 
1.49 
1.43 
1.35 
1.29 

Axis V-Y 

In. - 
4.69 
4.62 
4.55 
4.49 
4.43 
4.38 
4.34 
4.31 
4.27 
4.24 
4.20 
4.17 
4.13 
4.10 
4.07 
4.05 
4.02 
4.00 
3.98 

F, = 36 ksi 



- 
Dis- 
ancf 

k - 
In. - 

1 1 % ~  

1 %  
19/16 

1 %6 

1% 

1% 
1 9/16 

1% 
1%6 

l % 6  

1% 
1 5 / 1 ~  

I l h 6  

1 
'%€ 

1 % ~  

Va 

Area 

- 
- 
19.4 
17.7 
16.0 
14.6 
13.2 

12.0 
10.9 
9.99 
8.96 

7.81 
7.07 
6.31 

5.58 
5.00 
4.42 

3.85 
3.25 

Depth 
of 

Tee 
d 

Stem 

Thickness 
tw 

Area 
of 

stem 
- 
- 
4.73 
4.27 
3.76 
3.43 
3.08 

3.65 
3.19 
2.91 
2.60 

2.58 
2.34 
2.08 

2.19 
1.99 
1.87 

1.77 
1.58 

Flange - 
tw - 
2 - 

In. - 
5/16 

%6 

'/4 
'/4 

'/4 

'/4 
'/4 

'/4 

3/16 

3/16 

3/16 

3/16 

3/16 

3/18 

'/a 

% 

Thickness 
tf 

Width 
bf 

Designation 

WT 7x66 
x 60 
x54.5 
x49.5 
x 45 

WT 7x41 
x 37 
x 34 
X30.5 

WT 7x26.5 
X 24 
x21.5 

WT 7x19 
X17 
Xi5 

WT 7x13 
X l l  



Axis X-X 

r 
- 

In. - 
1.73 
1.71 
1.68 
1.67 
1.66 

1.85 
1.82 
1.81 
1.80 

1.88 
1.87 
1.86 

2.04 
2.04 
2.07 

2.12 
2.14 

Y 
- 

In. - 
1.29 
1.24 
1.17 
1.14 
1.09 

1.39 
1.32 
1.29 
1.25 

1.38 
1.35 
1.31 

1.54 
1.53 
1.58 

1.72 
1.76 

Axis Y-Y - 
r 
- 
In. 



Designation Area 

- 
In.' - 
19.4 
44.8 
41 .O 
37.0 
33.9 
30.9 
27.9 
25.0 
22.4 
20.0 
17.6 
15.6 
14.1 
12.8 
11.6 
10.6 
9.54 

8.52 
7.78 

7.34 
6.61 
5.8s 

5.17 
4.40 
3.82 

3.24 
2.79 
2.36 
2.08 

Depth 
of 

Tee 
d 

Stem 

Thickness 
tw 

Flange 

Width 
bf 

Thickness 
t f 

- 
Dis- 
ancc 
k - 
In. - 
3'%6 

3% 8 
33/16 

2%~ 
2% 
2% 
z7k6 
2% 
2% 
I%€ 
113/1€ 
1% 
i s/a 
1 l/2 
17/16 

1 % 
1% 

1% 
1% 

1 % 
1% 
1% 

1 
'5/16 

% 

% 
'%6 

% 
'%6 



Jom- 
inal 
wt. 
Per 
Ft - 

Lb. - 
68 
52.5 
39.5 
26 
15 
05 
95 
85 
76 
68 
60 
53 
48 
43.5 
39.5 
36 
32.5 

29 
26.5 

25 
22.5 
20 

17.5 
15 
13 

11 
9.5 
8 
7 

Axis X-X I Axis Y-Y 

In. - 
1.96 
1.90 
1.86 
1.81 
1.77 
1.73 
1.68 
1.65 
1.62 
1.59 
1.57 
1.53 
1.51 
1.50 
1.49 
1.48 
1.47 

1.50 
1.51 

1.60 
1.58 
1.57 

1.76 
1.75 
1.75 

1.90 
1 .go 
1.92 
1.92 

Y Z  

In. 

2.31 593 
2.16 525 
2.05 469 
1.92 414 
1.82 371 
1.72 332 
1.62 295 
1.52 259 
1.43 227 
1.35 199 
1.28 172 
1.19 151 
1.13 135 
1.10 120 
1.06 108 
1.02 97.5 
0.985 87.2 

1.03 53.5 
1.02 47.9 

1.17 28.2 
1.13 25.0 
1.08 22.0 

1.30 12.2 
1.27 10.2 
1.25 8.66 

1.63 2.33 
1.65 1.88 
1.74 1.41 
1.76 1.18 

In. - 
3.47 
3.42 
3.38 
3.34 
3.31 
3.28 
3.25 
3.22 
3.19 
3.16 
3.13 
3.1 1 
3.09 
3.07 
3.05 
3.04 
3.02 

2.51 
2.48 

1.96 
1.94 
1.93 

1.54 
1.52 
1.51 

0.847 
0.822 
0.773 
0.753 

F, = 36 ksi 



- 
Dis- 
ance 

k - 
In. - 

I 7/8 
1 3/4 
1 % 
1 % 
1% 
1 5 / 1 ~  
1 '/4 
13/16 

1 '/4 
1 '/B 
I %6 

'%6 

7/s 
Y4 

'3/16 

Y4 
' % e  

YE 

- 
Area 

of 
Stem 
- 
h2 - 
4.29 
3.77 
3.28 
2.81 
2.44 
2.15 
1.87 
1.70 

1 .T7 
1.56 
1.41 

1.57 
1.34 
1.22 

1.28 
1.21 
1.15 
0.93E 

Depth 
of 

Tee 
d 

Stem Flange - 
t - 
2 

In. - 
Y0 

% 
5/16 

% 
'/4 

'/4 

3/16 

3/16 

%6 

3/16 

3/16 

3/16 

'/'a 
l/s 

'/'a 

l/6 

'/s 
'/a 

Thickness 
tw 

In. In. 

Designation Area 

- 
~ n . ~  - 
16.5 
14.7 
12.9 
11.3 
9.99 
8.82 
7.91 
7.21 

6.63 
5.73 
4.85 

4.42 
3.81 
3.24 

2.81 
2.50 
2.21 
1.77 

WT 5x56 
x 50 
x 44 
x38.5 
x 34 
x 30 
x 27 
X24.5 

WT 5x22.5 
x 19.5 
x16.5 

WT 5x15 
x13 
X l l  

WT 5 x  9.5 
X 8.5 
x 7.5 
x 6 



Axis X-X Axis Y-Y 

r 
- 
In. 

r 

- 
In. 

Y 
- 
In. 



- 
Dis- 
:ance 

k 
Area 

- 
h2 - 
9.84 
8.55 
7.05 
5.87 
5.14 
4.56 

4.12 
3.54 

3.08 
2.63 

2.22 
1.92 
1.48 

3.67 
2.94 
2.21 

2.37 
1.78 
1.34 

2.77 
2.34 

1.91 

Depth 
of 

Tee 
d 

Stem 

Thickness 
tw 

Area 
of 

Stem 
- 
In.' - 

2.56 
2.23 
1.70 
1.48 
1.26 
1.14 

1.15 
0.971 

1.03 
0.936 

0.993 
0.919 
0.671 

1.02 
0.806 
0.689 

0.816 
0.693 
0.502 

0.695 
0.601 

0.582 

Flange 

Width 
bf 

Thickness 
t f 

Designation 

WT 4 x33.5 
x 29 
x 24 
x 20 
X 17.5 
X15.5 

W T 4  x14 
XI2  

W T 4  x10.5 
x 9 

WT 4 x 7.5 
x 6.5 
x 5 

WT3  x12.5 
X I0  
x 7.5 

W T 3  x 8 
x 6 
x 4.5 

WT 2 . 5 ~  9.5 
x 8 

WT 2 x 6.5 

In. In. - 

1% 
13/16 

1 %a 
1 

%6 

'%6 

?h 

'3/16 

3/4 

?4 
l%6 

YE 

l3/16 

3/4 

5/s 

3/4 

% 
9/18 

'?A6 

?4 

11/16 



- 
Uom- 
inal 
wt. 
per 
Ft - 

Lb. 

Axis X-X h i s  Y-Y 

r 

- 
In. 

Y 
- 

In. 

= 36 ksi 

In. 

Where no value of C:or $ is shown, the Tee complies with the noncompact section criteria of Specifi- 
cation Sect. 85.1. 



- 
lis- 
lncl 
k 

- 
In. - 
6 

46 

4 a 

'i 

46 

6 

iri l 

- 
In. - 
'/4 

'/4 

%c 

% t 

%t 

%I 

Depth 
of 

Tee 
d 

In. 

Stem 

Thickness 
tw 

In. 

Area 
of 

Stem 

- 
In.' 

Flange 
- 

tw - 
2 

- 
In. - 
% 

% 

% 

%r 

f i e  

% t 

Width 
b, 

Thickness 
t' 

Area 

- 
In.' In. 



- 
Uom- 
ina! 
wt. 
per 
Ft 
- 
Lb. 

Axis X-X Axis Y-Y 

= 36 ksi 

In. In. In. 

Where no value of C;or Q, is shown, the Tee complies with the noncompact section criteria of Specifi- 
cation Sect. 85.1. 



Designation 
Area 

- 
in.' - 
7.8 
5.6 

4.7 
3.2 
1.7 

4.1 
2.7 

1 .o 
9.70 

0.3 
8.04 

7.35 
6.31 

7.35 
6.00 

5.15 
4.68 

5.15 
3.73 

3.38 
2.70 

2.94 
2.25 

2.53 
1.83 

2.17 
1.47 

1.40 
1.13 

1.10 
0.83! 

Depth 
of 

Tee 
d 

Stem 

Thickness 
tw 

In. 

Flange 

Width 
4 

In. 

Thickness 
t' 

In. 

Dis- 
:ance 

k 

- 
In. 

;rip 

- 
In. - 
% 
'/a 

7/8 
7/a  
7/0 

l%e 

1% 

%€ 

" 6  

'%€ 

8/16 

8/16 

'%€ 
Ya 

% 
% 

'/2 

% 

%e 

%6 

?h 
Ya 

% 
?h 

%6 

5/(6 

%6 

%e 

'/4 

% 



Nom- 
inal 
wt. 
Per 
Ft 

Lb. - 
$0.5 
53 

50 
15 
10 

18 
$3 

37.5 
33 

35 
27.35 

25 
21.45 

25 
20.4 

17.5 
15.9 

17.5 
12.7 

11.5 
9.2 

10 
7.65 

8.625 
6.25 

7.375 
5 

4.75 
3.85 

3.75 

Axis X-X Axis Y-Y 

In. 

3.82 
3.72 

3.83 
3.79 
3.72 

3.18 
3.14 

3.15 
3.10 

2.87 
2.79 

2.35 
2.29 

1.85 
1.78 

1.83 
1.78 

1.56 
1.45 

1.22 
1.14 

1.07 
0.987 

0.917 
0.833 

0.764 
0.681 

0.580 
0.528 

0.430 
IL396 

In. - 
3.63 
3.28 

3.84 
3.60 
3.29 

3.13 
2.91 

3.07 
2.81 

2.94 
2.50 

2.25 
2.01 

1.84 
1.58 

1.64 
1.51 

1.56 
1.20 

1.15 
0.941 

1.04 
0.817 

0.914 
0.691 

0.789 
0.569 

0.553 
0.448 

0.432 
11329 

In. - 
1.53 
1.57 

1.27 
1.30 
1.34 

1.33 
1.36 

1.16 
1.19 

1.08 
1.14 

1.03 
1.07 

1.03 
1.06 

0.980 
1 .oo 
0.904 
0.954 

0.798 
0.831 

0.734 
0.766 

0.675 
0.705 

0.620 
0.643 

0.569 
0.581 

0.516 
El22 

= 36 ksi 





Properties of double angles in contact and separated are listed in the following ta- 
bles. Each table shows properties of double angles in contact, and the radius of gyra- 
tion about the Y-Y axis when the legs of the angles are separated. Values of Q, are 
given for Fy = 36 ksi and Fy = 50 ksi, for those angles exceeding the limiting width- 
thickness ratio for a noncompact section given in AISC ASD Specification Sect. 
B5.1. Since the cross section is comprised entirely of unstiffened elements, Q, = 1.0 
and Q = Q, for all angle sections. The flexural-torsional properties table also lists the 
dimensional values (i', and needed for checking torsional and flexural-torsional 
buckling. 

The table may be used as ows for checking allowable stresses for (1) flexural 
buckling and (2) torsional ural-torsional buckling. 

Where no value of Q, is shown, the allowable compressive strength is given by AISC 
ASD Specification Sect. E2. Where a value of Q, is shown, the strength must be 
reduced in accordance with Appendix 

ral-torsional buckling can be determined 
Resistance Factor Design Specification 
J ,  To, and H. For further discussion see 

Part 3 of this Manual. 



- 

Designation 

Wt. 
ler Ft 

2 
ngle: 

Lb. 

113.8 
102.0 
90.0 
77.8 
65.4 
52.8 

74.8 
66.2 
57.4 
48.4 
39.2 
29.8 

54.4 
47.2 
32.4 
24.6 
20.6 

37.0 
31.4 
25.6 
19.6 
16.4 
13.2 

\rea 
of 
2 

ngle! 
- 
ln.2 - 
'3.5 
0.0 
i6.5 
'2.9 
9.2 
5.5 

i2.0 
9.5 
6.9 
4.2 
1.5 
8.72 

6.0 
3.9 
9.5C 
7.22 
6.05 

0.9 
9.22 
7.5C 
5.72 
4.8C 
3.88 

- 

r 

- 
In. - 
2.42 
!.44 
2.45 
!.47 
2.49 
2.50 

1.80 
1.81 
1.83 
1.84 
1.86 
1.88 

1.49 
1.51 
1.54 
1.56 
1.57 

1.19 
1.20 
1.22 
1.23 
1.24 
1.25 

- 

Y 

- 
In. - 

2.41 
2.37 
2.32 
2.28 
2.23 
2.19 

1.86 
1.82 
1.78 
1.73 
1.68 
1.64 

1.57 
1.52 
1.43 
1.39 
1.37 

1.27 
1.23 
1.18 
1.14 
1.12 
1.09 

AXlS Y-Y 
Radii of Gyration 
Back to Back of 

les, 
% - 
3.55 
3.53 
3.51 
3.49 
3.47 
3.45 

2.73 
2.70 
2.68 
2.66 
2.64 
2.62 

2.30 
2.28 
2.24 
2.22 
2.21 

1.88 
1.86 
1.83 
1.81 
1.80 
1.79 



M I S  Y-Y 
- 
Wt. 
~ e r  R 

2 
mgle! 

- 
Area 
of 
2 

ngle: - 

AXIS X-X 

Y 

- 
In. - 
.01 
.99l 
.961 

.93: 
,881 
.86! 
.84: 
,821 

.76: 

.74( 

.71: 
,691 

.63( 
,611 
.59: 
.56! 
.54( 

r 

- 
In. - 
.07 
.08 
.09 

,898 
,913 
.922 
.930 
.939 

,753 
,761 
.769 
,778 

,594 
601 
.609 
,617 
,626 

Designation 

Lb. 

* Where no value of $ is shown, the angles comply with the noncompact section criteria of Specifica- 
tion Sect. 85.1 and may be considered fully effective. 

For F, = 36 ksi: C,' = 126.11 
For F, = 50 ksi: C,' = 107.01 



Long legs back to back 

Designation 

- 
Wt. 

Jer Ft 
2 

\ngles - 
Lb. 

- 
Area 

of 
2 

,ngle! 

AXlS X-X 

r 

- 
In. - 

2.49 
2.53 
2.56 

2.52 
2.55 
2.59 

2.22 
2.25 
2.27 

1.88 
1.90 
1.91 
1.93 

1.94 
1.95 

1.55 
1.58 
1.60 
1.61 

1.59 
1.61 
1.61 
1.62 

- 

Y 

- 
In. - 

2.65 
2.56 
2.47 

3.05 
2.95 
2.86 

2.51 
2.42 
2.37 

2.08 
2.03 
1.99 
1.94 

2.04 
2.01 

1.75 
1.66 
1.61 
1.59 

1.75 
1.70 
1.68 
1.66 

AXlS Y-Y 
Radii of GI 
Back to Bi 

Angles, 
0 % 

2.39 2.52 
2.35 2.48 
2.32 2.44 

1.47 1.61 
1.42 1.55 
1.38 1.51 

1.48 1.62 
1.44 1.57 
1.43 1.55 

1.55 1.69 
1.53 1.67 
1.51 1.64 
1.50 1.62 

1.26 1.39 
1.26 1.38 

1.40 1.53 
1.35 1.49 
1.34 1.46 
1.33 1.45 

1.12 1.25 
1.10 1.23 
1.09 1.22 
1.08 1.21 

in Angles Contact I Se~arated Angles 

* Where no value of Q, is shown, the angles comply with the noncompact section criteria of Specifica- 



Designation 

- 
Wt. 
ler Fi 

2 
rngle! - 
Lb. 

- 
Area 
of 
2 

ngle$ 
- 
In.' - 
7.00 
5.34 
4.49 
3.63 

6.50 
4.97 
4.18 
3.38 

4.59 
3.87 
3.13 

4.22 
3.55 
2.88 

3.84 
2.63 
1.99 

3.47 
2.93 
2.38 
1.80 

3.09 
2.62 
2.13 
1.62 

.X - 

r 

- 
In. - 
.23 
,251 
.26 
.27 

.25 

.26 

.27 

.28 

.09 

.10 

.ll 

.10 

.ll 
1.12 

,926 
,945 
,954 

.94C 

.94E 

.95i 

.96f 

.76E 
,772 
.78l 
,792 

- 

Y 
- 
In. 

AXIS Y-Y 
Radii of Gyration 
Back to Back of 

Angles, 
0 3/s 

1.44 1.58 
1.42 1.56 
1.42 1.55 
1.41 1.54 

1.20 1.33 
1.18 1.31 
1.17 1.30 
1.16 1.29 

1.22 1.36 
1.21 1.35 
1.20 1.33 

,976 1.11 
,966 1.10 
.958 1.09 

1.02 1.16 
1.00 1.13 
,993 1.12 

.777 .91i 
,767 ,902 
,757 ,891 
.749 .87$ 

,819 ,961 
,809 .94t 
.799 .93t 
,790 .922 

* Where no value of Qs is shown, the angles comply with the noncompact section criteria of Specifica- 



Designation 

w t .  
)er R 

2 
,ngle! - 
Lb. 

Area 
of 
2 

ingles 
- 
In.' 

AXIS - 

S 

- 
~ n . ~  

-X - 

r 

- 
In. - 

1.73 
1.76 
1.79 

1.03 
1.05 
1.08 

1.09 
1.11 
1.13 

1.12 
1.13 
1.15 
1.17 

,981 
.99t 

.97; 
1.01 
1.02 
1.03 

.82! 

.84! 

.85: 

.86' 

I AXIS Y-Y I 

A 
In. 0 

.65 3.64 

.56 3.60 

.47 3.56 

.05 3.95 
,953 3.90 
,859 3.86 

.01 3.35 
,917 3.30 
,870 3.28 

.08 2.80 

.03 2.78 

.987 2.76 

.941 2.74 

,787 2.81 
,763 2.80 

,996 2.33 
,906 2.29 
,861 2.27 
,838 2.26 

.750 2.36 

.704 2.34 

.681 2.33 
,657 2.32 

Qs* 

Angles I Angles 

Where no value of $ is shown, the angles comply with the noncompact section criteria of Specifica- 
tion Sect. B5.1 and may be considered fully effective. 

For F, = 36 ksi: C,' = 1 2 6 . l l f i  
For F, = 50 ksi: C,' = 1 0 7 . 0 1 d  



Designation 

wt .  
ler F1 

2 
ingle! 

Lb. - 
z3.8 
18.2 
15.4 
12.4 

!2.2 
17.0 
14.4 
11.6 

15.8 
13.2 
10.8 

14.4 
12.2 
9.8 

13.2 
9.0 
6.77 

11.8 
10.0 
8.20 
6.14 

10.6 
9.00 
7.24 
5.50 

Area 
of 
2 

\ngles - 
In.' - 
7.00 
5.34 
4.49 
3.63 

6.50 
4.97 
4.18 
3.38 

4.59 
3.87 
3.13 

4.22 
3.55 
2.88 

3.84 
2.63 
1.99 

3.47 
2.93 
2.38 
1.80 

3.09 
2.62 
2.13 
1.62 

hart legs back to 

Back to Back of 
~les. In. 

In. In. 0 

.04 1.00 1.76 

.06 ,955 1.74 

.07 ,932 1.73 

.07 ,909 1.72 

,864 .827 1.82 
,879 .782 1.80 
,887 ,759 1.79 
,896 ,736 1.78 

.897 ,830 1.53 
305 ,808 1.52 
,914 .785 1.52 

.719 ,660 1.60 

.727 ,637 1.59 
,735 ,614 1.58 

,736 ,706 1.33 
,753 ,661 1.31 
,761 ,638 1.30 

,559 539 1.40 
,567 ,516 1.39 
,574 ,493 1.38 
,583 ,470 1.37 

,577 ,581 1.13 
,584 ,559 1.12 
,592 ,537 1.11 
,600 ,514 1.10 

* Where no value of Qs is shown, the angles comply with the noncompact section criteria of Specifica- 



Standard rolled shapes are frequently combined to produce efficient and economical 
structural members for special applications. Experience has established a demand 
for certain combinations. When properly sized and connected to satisfy the design 
and specification criteria, these members may be used as struts, lintels, eave struts 
and light crane and trolley runways. 

Properties of several combined sections are tabulated for those combinations 
that experience has proven to be in popular demand. For properties, dimensions and 
discussion of other combination shapes, see Light and Heavy Industrial Buildings, 
Fisher, J.  M .  and D. R. Buettner, American Institute of Steel Construction, Hnc., 
Chicago, IL 1979. 



- 

rr 
- 
In. 

2.44 
3.16 

2.38 
3.06 
2.94 

2.29 
2.94 

2.83 
3.52 

2.74 
3.41 
3.27 

2.69 
3.31 
3.17 

Total 
Wt. 
~ e r  Ft 
- 
Lb. 

- 
Total 
Area 

- 
~ n . ~  

AXIS X-X AXIS Y-Y 

Beam Channel 

In. In. In. 



Beam 

Total Total 
Area 

- 
- 
12.14 

13.34 
18.69 
27.86 

16.69 
29.66 
32.3 

20.79 
24.66 
32.26 
34.90 

24.39 
28.26 
26.09 
29.96 
42.4 

24.29 
28.16 
26.19 
30.06 
30.79 
34.66 
43.2 

MIS X-X 

In. - 
4.96 

5.61 
5.67 
5.76 

6.34 
6.78 
6.65 

7.34 
7.1 1 
7.60 
7.48 

8.59 
8.41 
8.68 
8.52 
8.91 

9.41 
9.25 
9.67 
9.50 
9.93 
9.82 
0.0 

- 
Yl 
- 

In. - 
8.22 

9.12 
8.92 
9.29 

10.67 
10.78 
11.18 

11.51 
12.47 
11 .a0 
12.24 

13.01 
14.06 
12.93 
13.95 
13.73 

14.74 
15.93 
14.53 
15.67 
14.35 
15.40 
15.41 

AXIS Y-Y - 
r 
- 
In. - 

2.64 

2.55 
3.05 
3.89 

3.03 
3.83 
4.56 

2.85 
3.79 
3.80 
4.50 

2.77 
3.63 
2.72 
3.56 
4.35 

2.59 
3.52 
2.76 
3.58 
2.69 
3.44 
4.34 

- 

rr 
- 
In. - 

3.23 

3.05 
3.73 
4.65 

3.83 
4.63 
5.53 

3.66 
4.74 
4.62 
5.49 

3.6t 
4.6: 
3.53 
4.57 
5.35 

3.56 
4.67 
3.60 
4.63 
3.48 
4.45 
5.38 



Channel 

'Otal 
Total 

Wt' 
Area )er Ft 

MIS X-X 

In. - 
10.8 
11.2 
11.5 

11.9 
11.8 
12.2 
12.1 
12.4 
12.8 

13.3 
13.2 
13.6 
13.6 
13.7 

14.6 
14.6 
14.8 
14.9 

In. - 
17.07 
16.68 
16.70 

18.51 
19.18 
18.30 
18.93 
18.17 
18.16 

!0.01 
!0.69 
19.79 
!0.42 
!0.33 

!1.15 
!1.81 
!I .64 
!1.47 

AXIS Y-Y 

In. - 
3.48 
3.30 
4.24 

3.37 
4.04 
3.29 
3.92 
3.23 
4.26 

3.35 
3.96 
3.30 
3.84 
3.80 

3.29 
3.81 
3.74 
3.65 

In. - 
4.53 
4.30 
5.23 

4.47 
5.36 
4.34 
5.19 
4.43 
5.23 

4.42 
5.26 
4.29 
5.07 
5.01 

4.30 
5.07 
4.95 
4.84 



Horizontal 
Channel 

- 
Total 
wt. 

Jer Ft 
- 
Lb. 

- 

Total 
Area 

- 
In.' - 
2.80 

3.18 
3.56 

3.94 
4.37 
4.84 

4.37 
4.80 
5.27 
5.78 
6.34 
6.89 

5.27 
5.74 
6.25 
6.81 
7.36 

5.78 
6.25 
6.76 
7.32 
7.87 
9.47 

AXlS X-X 

r 
- 
In. 

Yl 
- 

In. - 
2.20 

2.86 
2.94 

3.60 
3.70 
3.79 

4.22 
4.34 
4.45 
4.55 
4.64 
4.70 

4.95 
5.08 
5.20 
5.31 
5.39 

5.53 
5.68 
5.82 
5.95 
6.06 
6.30 

AXlS Y-Y 

r 
- 

In. 

- 

XI 
- 
In. - 

0.44 

0.46 
0.46 

0.48 
0.48 
0.48 

0.51 
0.51 
0.51 
0.51 
0.51 
0.51 

0.54 
0.54 
0.54 
0.54 
0.54 

0.57 
0.57 
0.57 
0.57 
0.57 
0.57 



Vertical 
Channel 

Horizontal 
Channel 

- 
rota1 
wt .  
er F. 
- 
Lb. - 

23.2 
24.9 
26.8 
28.7 
34.1 

26.8 
z8.7 
30.6 
36.0 
$9.2 

34.1 
36.0 
41.4 
54.6 

69.2 
54.6 
57.8 
76.6 

63.4 
76.6 
85.4 

AXlS X-X 

In. - 

3.38 
3.32 
3.25 
3.19 
3.02 

3.75 
3.68 
3.61 
3.45 
3.13 

4.54 
4.48 
4.32 
4.00 

5.72 
5.63 
5.37 
5.19 

6.78 
6.57 
6.40 

In. - 

6.26 
6.42 
6.57 
6.69 
6.98 

7.00 
7.16 
7.30 
7.64 
8.18 

8.21 
8.38 
8.79 
9.48 

9.71 
10.19 
11 .06 
11.45 

11.80 
12.80 
13.29 

AXlS Y-Y 

In. - 

1.84 
2.17 
2.51 
2.86 
3.61 

2.1 1 
2.44 
2.79 
3.52 
4.69 

2.27 
2.60 
3.30 
4.46 

2.29 
2.92 
4.03 
4.99 

2.77 
3.82 
4.75 

In. - 

0.60 
0.60 
0.60 
0.60 
0.60 

0.63 
0.63 
0.63 
0.63 
0.63 

0.70 
0.70 
0.70 
0.70 

0.79 
0.79 
0.79 
0.79 

0.88 
0.88 
0.88 



Channel Angle 

Total 
wt. 

le r  Ft 

Lb. 

- 
Total 
Area 

- 

AXIS X-X 

r 
- 
In. - 

2.24 
2.23 
2.19 
2.14 
2.19 

2.65 
2.65 
2.60 
2.55 
2.60 
2.54 

3.06 
3.02 
2.97 
3.01 
2.96 
2.90 

3.47 
3.43 
3.38 
3.42 
3.37 
3.31 

3.84 
3.80 
3.84 
3.79 
3.74 
3.67 

In. 

AXIS Y-Y - 
r 
- 
In. - 

0.85 
0.98 
1.11 
1.14 
1.26 

0.86 
0.98 
1.10 
1.14 
1.25 
1.29 

0.99 
1.10 
1.14 
1.24 
1.28 
1.57 

0.99 
1.10 
1.14 
1.23 
1.28 
1.56 

1.11 
1.15 
1.23 
1.28 
1.55 
1.60 

- 

XI 
- 
In. - 

2.6( 
3.0' 
3.41 
3.3' 
3.7! 

2.6; 
3.0! 
3.41 
3.4( 
3.81 
3.71 

3.1( 
3 3  
3.41 
3.9; 
3.8; 
4.6r 

3.2: 
3.6~ 
3.5! 
4.0! 
3.9t 
4.71 

3.7( 
3.6: 
4.1: 
4.0: 
4.8: 
4.7: 



Channel 

: 12x20.7 

: 12x25 

: 15X33.9 

Total 
Wt. 
~ e r  R 

Lb. - 
26.1 
27.3 
26.5 
27.9 
29.4 

33.0 
36.9 

30.4 
31.6 
30.8 
32.2 
33.7 
35.4 
37.3 
41.2 

39.7 
41.1 
42.6 
44.3 
46.2 
50.1 

Total 
Area 

- 
In.' - 
7.65 
8.02 
7.78 
8.18 
8.65 
9.14 
9.70 

10.84 

8.91 
9.28 
9.04 
9.44 
9.91 

10.40 
10.96 
12.10 

11 6 5  
12.05 
12.52 
13.01 
13.57 
14.71 

AXlS X-x 

s2 = 

I/Y2 
r 

In. 

23.2 4.63 
23.5 4.61 
23.4 4.63 
23.6 4.60 
23.9 4.56 
24.1 4.51 
24.3 4.45 
24.7 4.32 

26.1 4.50 
26.4 4.49 
26.3 4.50 
26.6 4.49 
26.9 4.46 
27.2 4.43 
27.5 4.39 
28.0 4.29 

45.1 5.73 
45.6 5.73 
46.1 5.71 
46.5 5.69 
46.9 5.65 
47.7 5.58 

- 

Yl 
- 
In. - 
1.94 
1.75 
1.86 
1.66 
1.47 
1.29 
1.12 
3.80 

5.09 
1.92 
5.02 
1.84 
1.67 
1.49 
1.33 
1.03 

j.52 
j.33 
5.14 
5.94 
5.76 
5.40 

AXlS Y-Y 

r XI 

In. In. 

1.12 3.84 
1.16 3.77 
1.22 4.2E 
1.27 4.2C 
1.52 5.02 
1.57 4.92 
1.85 5.72 
1.93 5.52 

1.07 3.87 
1.1 1 3.81 
1.17 4.32 
1.22 4.25 
1.45 5.0: 
1.50 5.0C 
1.77 5.81 
1.87 5.62 

1.20 4.4: 
1.25 4.42 
1.45 5.3C 
1.50 5.22 
1.75 6.OE 
1.85 5.8s 



Channel 

> 6X 8.2 

; 7x 9.8 

C 8x113 

C 9X13.4 

C 10X15.3 

C 12X20.7 

C 15X33.9 

Angle 

Total 
wt. 

per Ft 

Lb. 

12.7 
13.1 
14.0 
16.4 
18.0 

14.3 
14.7 
15.6 
18.0 
19.6 

16.0 
16.4 
17.3 
19.7 
21.3 

17.9 
18.3 
19.2 
21.6 
23.2 

19.8 
20.2 
21 .I 
23.5 
25.1 

25.2 
25.6 
26.5 
28.9 
30.5 

38.8 
39.7 
42.1 
43.7 

Total 
Area 

- 

AXlS X-X 

In. In. 

AXlS Y-Y 

In. 

XI 
- 
In. 

2.25 
2.18 
2.85 
3.33 
3.82 

2.32 
2.25 
2.95 
3.47 
3.98 

2.37 
2.31 
3.03 
3.58 
4.13 

2.40 
2.35 
3.10 
3.68 
4.26 

2.42 
2.37 
3.15 
3.76 
4.36 

2.47 
2.43 
3.25 
3.92 
4.59 

2.48 
3.35 
4.12 
4.88 - 



en designing and specifying steel pipe or tubing as compression members, refer 
to comments in the notes for Columns, Steel Pipe and Structural Tubing, p. 3-35. For 
standard mill practices and tolerances, refer to p. 1-155. For material specifications 
and availability, see Table 3, p. 1-92. 

The tables of dimensions and properties of square and rectangular structural tubing 
(unfilled) list a selected range of frequently used sizes. For dimensions and proper- 
ties of other sizes, refer to manufacturers' catalogs. 

The tables are based on an outside corner radius equal to two times the specified 
wall thickness. Material specifications stipulate that the outside corner radius may 
vary up to three times the specified wall thickness. This variation should be consid- 
ered in those details where a close match or fit is important. 

The tables of dimensions and properties of steel pipe (unfilled) list a selected range 
of sizes of Standard, Extra Strong and Double-extra Strong pipe. For a complete 
range of sizes manufactured, refer to manufacturers' catalogs. The properties and di- 
mensions table also shows the relationship between Standard, Extra Strong and 
Double-extra Strong pipe with pipe ordered by Schedule Number (see ASTM A53 
for a more complete listing of pipe diameters). 



Steel 

Fu 
Minimum Minimum 

Tensile 
Stress Square & 

Yield 
Stress 
(ksi) Availabilit 

Note 3 f lectric- 
Resistance Welded 

Note 3 Seamless 

Note 1 

Note 1 

Note 1 

Note 1 
>old Formed 

Note 2 

Note 1 

-lot Formed Note 1 

Note 1 

Note 1 

Note 1 

Notes: 
1. Available in mill quantities only; consult with producers. 
2. Normally stocked in local steel service centers. 
3. Normally stocked by local pipe distributors. 
GJAvailable. 
U N o t  available. 



Standard Weight 

Extra 

1.09 
1.47 
2.17 
3.00 
3.63 
5.02 
7.66 

10.25 
12.50 
14.98 
20.78 
28.57 
43.39 
54.74 
65.42 

Str 

Double-Extra Strong 

The listed sections are available in conformance with ASTM Specification A53 Grade B or 
A501. Other sections are made to these specifications. Consult with pipe manufacturers or 
distributors for availability. 



Dimensions Properties* * 

Nominal* 
Size 

In. 

16x16 

14x14 

12x12 

10x10 

9x  9 

Wall Thickness 

In. 

0.6250 
0.5000 
0.3750 
0.3125 

0.6250 
0.5000 
0.3750 
0.3125 

0.6250 
0.5000 
0.3750 
0.3125 
0.2500 
0.1875 

0.6250 
0.5625 
0.5000 
0.3750 
0.3125 
0.2500 
0.1875 

0.6250 
0.5625 
0.5000 
0.3750 
0.3125 
0.2500 
0.1875 

Weight Area 
per Ft 

Lb. h2 

127.37 37.4 
103.30 30.4 
78.52 23.1 
65.87 19.4 

110.36 32.4 
89.68 26.4 
68.31 20.1 
57.36 16.9 

93.34 27.4 
76.07 22.4 
58.10 17.1 
48.86 14.4 
39.43 11.6 
29.84 8.77 

76.33 22.4 
69.48 20.4 
62.46 18.4 
47.90 14.1 
40.35 11.9 
32.63 9.59 
24.73 7.27 

67.82 19.9 
61.83 18.2 
55.66 16.4 
42.79 12.6 
36.10 10.6 
29.23 8.59 
22.18 6.52 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Dimensions 
I 1 Wall Thickness 

Size 
Weight 
per Ft 

Lb. 

59.32 
54.17 
48.85 
37.69 
31.84 
25.82 
19.63 

46.51 
42.05 
32.58 
27.59 
22.42 
17.08 

38.86 
35.24 
27.48 
23.34 
19.02 
14.53 

28.43 
22.37 
19.08 
15.62 
11.97 

Area 
- 
h2 

r 

In. 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

Vominal* 
Size 

In. 

Wall Thickness 

In. 

0.2500 
0.1875 

0.5000 
0.3750 
0.31 25 
0.2500 
0.1 875 

0.3125 
0.2500 
0.1 875 

0.3125 
0.2500 
0.1875 

0.3125 
0.2500 
0.1875 

0.3125 
0.2500 
0.1875 

Weight Area 
per Ft 

Lb. In.' 

13.91 4.09 
10.70 3.14 

21.63 6.36 
17.27 5.08 
14.83 4.36 
12.21 3.59 
9.42 2.77 

12.70 3.73 
10.51 3.09 
8.15 2.39 

10.58 3.11 
8.81 2.59 
6.87 2.02 

8.45 2.48 
7.11 2.09 
5.59 1.64 

6.32 1.86 
5.41 1.59 
4.32 1.27 

In. 

1.72 
1.75 

1.39 
1.45 
1.48 
1.51 
1.54 

1.28 
1.31 
1.34 

1.07 
1.10 
1.13 

0.868 
0.899 
0.930 

0.662 
0.694 
0.726 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

Size Thickness 
Area 

per Ft 
Lb. In.' 

103.30 30.4 
78.52 23.1 
65.87 19.4 

89.68 26.4 
68.31 20.1 
57.36 16.9 

76.07 22.4 
58.10 17.1 
48.86 14.4 

76.07 22.4 
58.10 17.1 
48.86 14.4 

110.36 32.4 
89.68 26.4 
68.31 20.1 
57.36 16.9 

76.07 22.4 
58.10 17.1 
48.86 14.4 

62.46 18.4 
47.90 14.1 
40.35 11.9 

93.34 27.4 
76.07 22.4 
58.10 17.1 
48.86 14.4 

Properties* * 

X-X Axis (is - 
z, 
ln.3 - 

141 
109 
91.8 

84.7 
65.6 
55.6 

36.0 
28.5 
24.3 

53.9 
42.1 
35.8 

44 
18 
91.3 
77.2 

69.7 
54.2 
45.9 

29.0 
23.0 
19.7 

01 
83.6 
64.8 
54.9 

"Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

~minal* Wall 
Size Thickness 

WJht Area 
per Ft 
Lb, h2 

62.46 18.4 
47.90 14.1 
40.35 11.9 
32.63 9.5s 

55.66 16.4 
42.79 12.6 
36.10 10.6 
29.23 8.5 

76.33 22.4 
69.48 20.4 
62.46 18.4 
47.90 14.1 
40.35 11.9 
32.63 9.55 
24.73 7.27 

67.82 19.9 
61.83 18.2 
55.66 16.4 
42.79 12.6 
36.10 10.6 
29.23 8.55 
22.18 6.5; 

59.32 17.4 
54.17 15.9 
48.85 14.4 
37.69 11.1 
31.84 9.3f 
25.82 7.5: 
19.63 5.77 

(is - 
Z X  
1n.3 - 
78.3 
61 .I 
51.9 
42.3 

64.8 
50.8 
43.3 
35.4 

87.1 
79.9 
72.4 
56.5 
47.9 
39.1 
29.8 

72.9 
67.1 
60.9 
47.7 
40.6 
33.2 
25.4 

58.6 
54.2 
49.4 
39.0 
33.3 
27.3 
21 .o 

- 
r, - 
In. - 
4.82 
4.89 
4.93 
4.97 

4.52 
4.61 
4.65 
4.69 

4.32 
4.35 
4.39 
4.45 
4.49 
4.52 
4.55 

4.1 1 
4.15 
4.19 
4.26 
4.30 
4.33 
4.37 

3.84 
3.88 
3.92 
4.01 
4.05 
4.09 
4.13 

xis - 
z, 
ln.3 

- 
r, 
In. 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

I~;~*"';I 
Size Thickness 

Weight 
Area per Ft 

Lb. In.' 

22.42 6.59 
17.08 5.02 

67.82 19.9 
61.83 18.2 
55.66 16.4 
42.79 12.6 
36.10 10.6 
29.23 8.59 
22.18 6.52 

59.32 17.4 
54.17 15.9 
48.85 14.4 
37.69 11.1 
31.84 9.36 
25.82 7.59 
19.63 5.77 

55.06 16.2 
50.34 14.8 
45.45 13.4 
35.13 10.3 
29.72 8.73 
24.12 7.09 
18.35 5.39 

46.51 13.7 
42.05 12.4 
32.58 9.58 
27.59 8.1 1 
22.42 6.59 
17.08 5.02 

X-X Axis 

r, - 
In. - 

3.74 
3.79 

3.65 
3.68 
3.72 
3.78 
3.81 
3.84 
3.87 

3.48 
3.51 
3.55 
3.62 
3.65 
3.69 
3.72 

3.37 
3.40 
3.44 
3.51 
3.55 
3.59 
3.62 

3.27 
3.31 
3.39 
3.43 
3.47 
3.51 

Y-Y Axis 

r, - 
In. 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions I I 
Area 
- 

In.' 

Properties* * 

X-X Axis 

n r, - 
In. - 
3.06 
3.10 
3.15 
3.20 

3.24 
3.27 
3.30 
3.37 
3.40 
3.43 
3.46 

3.15 
3.19 
3.22 
3.29 
3.32 
3.36 
3.39 

3.09 
3.12 
3.20 
3.23 
3.27 
3.30 

2.86 
2.94 
2.98 
3.02 
3.06 

Y-Y Axis 

5 - 
In. - 
0.775 
0.802 
0.830 
0.858 

2.66 
2.69 
2.71 
2.77 
2.80 
2.83 
2.86 

2.28 
2.31 
2.34 
2.40 
2.43 
2.46 
2.48 

1.93 
1.96 
2.01 
2.04 
2.07 
2.10 

1.15 
1.20 
1.23 
1.26 
1.29 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

9eight Area per Ft - 
Lb. In." 

46.51 13.7 
42.05 12.4 
32.58 9.58 
27.59 8.1 1 
22.42 6.59 
17.08 5.02 

38.86 11.4 
35.24 10.4 
27.48 8.08 
23.34 6.86 
19.02 5.59 
14.53 4.27 

31.84 9.36 
24.93 7.33 
21.21 6.23 
17.32 5.09 
13.25 3.89 

22.37 6.58 
19.08 5.61 
15.62 4.59 
11.97 3.52 

35.24 10.4 
27.48 8.08 
23.34 6.86 
19.02 5.59 
14.53 4.27 

*Outside dimensions across flat sides 

In. 

Y-Y Axis 

SY ZY 
~ n . ~  ~ n . ~  

23.6 28.8 
21.9 26.4 
17.8 21.0 
15.5 18.0 
12.9 14.8 
10.0 11.4 

13.1 16.2 
12.3 15.0 
10.3 12.2 
9.05 10.5 
7.63 8.72 
6.02 6.77 

8.05 10.1 
6.92 8.31 
6.16 7.24 
5.26 6.05 
4.21 4.73 

3.85 4.83 
3.52 4.28 
3.08 3.63 
2.52 2.88 

14.9 18.2 
12.3 14.6 
10.8 12.6 
9.04 10.4 
7.10 8.10 

**Properties are based upon a nominal outside corner radius equal to two times the wall 
thickness. 



Dimensions 

ominal* Wall 
Size Thickness 
In. In. 

Properties"" - 
Neight 
per Ft Area 
- 

- 
rx - 
In. - 

2.38 
2.45 
2.49 
2.52 
2.55 

2.25 
2.33 
2.37 
2.41 
2.45 

2.26 
2.31 

2.14 
2.21 
2.24 
2.27 
2.30 

2.06 
2.13 
2.16 
2.19 
2.23 

2.02 
2.06 
2.09 
2.13 

Y-Y - 
SY - 
1n.3 Lb. 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 



Dimensions 

""*"'"" 
Size Thickness 

Weight 
per Ft - 

Lb. 

Area 
- 

X-X - 
s x  - 

- 
rx  - 
In. - 

1.87 
1.92 
1.96 
2.00 

1.79 
1.83 
1.86 
1.89 

1.63 
1.70 
1.74 
1.77 
1.81 

1.62 
1.66 
1.70 

1.41 
1.45 
1.48 

1.31 
1.35 
1.38 

1.24 
1.27 

1.03 
1.06 

- 
ry - 
In. - 

0.748 
0.775 
0.802 
0.829 

1.50 
1.53 
1.56 
1.59 

1.07 
1.13 
1.16 
1.19 
1.21 

0.762 
0.789 
0.816 

1.12 
1.15 
1.18 

0.743 
0.770 
0.798 

0.948 
0.977 

0.742 
0.771 

*Outside dimensions across flat sides. 
**Properties are based upon a nominal outside corner radius equal to two times the wall 

thickness. 





Plates and bars are available in eight of the structural steel specifications listed in Sect. 
A3.1 of the AISC ASD Specification. These are ASTM A36, A242, A4-41, A529, A572, 
A588, A514 and A852. Bars are available in all of these steels except A514 and A852. 
Table 1, p. 1-7 shows the availability of each steel in terms of plate thickness. 

The Manual user is referred to the discussion on Selection of the Appropriate 
Structural Steel, p. 1-3, for guidance in selection of both plate and structural 
shapes. For additional information designers should consult the steel producers. 

Bars and plates are generally classified as follows: 

Bars: 6 in. or less in width, .203 in. and over in thickness. 
Over 6 in. to 8 in. in width, .230 in. and over in thickness. 

Plates: Over 8 in. to 48 in. in width, .230 in. and over in thickness. 
Over 48 in. in width, .I80 in. and over in thickness. 

Bars are available in various widths, thicknesses, diameters and lengths. The pre- 
ferred practice is to specify widths in %-in. increments and thickness and diameter 
in ?&in. increments. 

LAT 

Defined according to rolling procedure: 

Sheared plates are rolled between horizontal rolls and trimmed (sheared or gas 
cut) on all edges. 

) plates are rolled between horizontal and vertical rolls and 
trimmed (sheared or gas cut) on ends only. 

Stripped plates are furnished to required widths by shearing or gas cutting from 
wider sheared plates. 

Sizes 
Plate mills are located in various districts, but the sizes of plates produced differ 
greatly and the catalogs of individual mills should be consulted for detail data. The 
extreme width of UM plates currently rolled is 60 in. and for sheared plates 200 in., 
but their availability together with limiting thickness and lengths should be checked 
with the mills before specifying. The preferred increments for width and thickness 
are: 

Widths: 

Thickness: 

Various. The catalogs of individual mills should be consulted to de- 
termine the most economical widths. 
1/32 in. increments up to ?h in. 
1/16 in. increments over ?h to 1 in. 
?h in. increments over 1 in. to 3 in. 
% in. increments over 3 in. 
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Plate thickness may be specified in inches or by weight per square foot, but no deci- 
mal edge thickness can be assured by the latter method. Separate tolerance tables 
apply to each method. 

"Sketch" plates (i.e., plates whose dimensions and cuts are detailed), exclusive 
of those with re-entrant cuts, can be supplied by most mills by shearing or gas cut- 
ting, depending on thickness. 

"Full circlesJ' are also available, either by shearing up to 1 in. thickness, or by 
gas cutting for heavier gages. 

lnvoici 

Standard practice is to invoice plates to the fabricator at theoretical weight at point 
of shipment. Permissible variations in weight are in accordance with the tables of 
ASTM Specification A6. 

All sketch plates, including circles, are invoiced at theoretical weight and, ex- 
cept as noted, are subject to the same weight variations as apply to rectangular 
plates. Odd shapes in most instances require gas cutting, for which gas cutting extras 
are applicable. 

All plates ordered gas cut for whatever reason, or beyond published shearing 
limits, take extras for gas cutting in addition to all other extras. Rolled steel bearing 
plates are often gas cut to prevent distortion due to shearing but would also take the 
regular extra for the thickness involved. 

Extras for thickness, width, length, cutting, quality and quantity, etc., which are 
added to the base price of plates, are subject to revision, and should be obtained by 
inquiry to the producer. The foregoing general statements are made as a guide to- 
ward economy in design. 

Floor plates having raised patterns are available from several mills, each offering 
their own style of surface projections and in a variety of widths, thicknesses and 
lengths. A maximum width of 96 in. and a maximum thickness of 1 in. are available, 
but availability of matching widths, thicknesses and lengths should be checked with 
the producer. Floor plates are generally not specified to chemical composition limits 
or mechanical property requirements; a commercial grade of carbon steel is fur- 
nished. However, when strength or corrosion resistance is a consideration, raised 
pattern floor plates are procurable in any of the regular steel specifications. As in the 
case of plain plates, the individual manufacturers should be consulted for precise in- 
formation. The nominal or ordered thickness is that of the flat plate, exclusive of the 
height of raised pattern. For Table of Loads-Floor Plate, see p. 2-145. The usual 
weights are as follows: 



Gauge 
No. 

Theoretical 
Weight per 

Sq. Ft, 
Lb. 

Theoretical Theoretical 
Nominal Weight per Nominal Weight per 

Thickness, Sq. Ft, Thickness, Sq. Ft, 
In. Lb. In. Lb. 

Note: Thickness is measured near the edge of the plate, exclusive of raised pattern. 
The plate thickness listed is exclusive of raised pattern height, see manufacturer's 
catalog. 



- 
Size 
In. 
- 
D 
% 6 
% 
3/1 6 

'/4 

5/16 
% 
% e 

Y2 

9A 6 
5/6 

''hi 
Y4 

%6 

7/s 
'%a 

1 
%e 
'h 
% 6 

'/4 

5/16 
%3 

7/16 

'h 
9A 6 
=/6 

%6 

3/4 

j 3 ? 6  

?h 
'%e 

2 
% 6 
'h 
3/1 6 

1/4 

5A 6 
% 
% 6 

'h 
'A  6 
% 
'%6 

3/4 

'3/16 

7/a 

15A6 

Weight 
Lb, per Ft 

ht 
r Ft. 

Area 
So. In. 



Size 
In. 

Weight 
Lb. per Ft 

Area 
In 

- 
WE 

Lb. [ 

275.63 
279.47 
283.33 
287.23 

291.15 
295.10 
299.07 
303.07 

307.10 
311.15 
315.24 
319.34 

323.48 
327.64 
331 .82 
336.04 

340.28 
344.54 
348.84 
353.16 

357.50 
361.88 
366.28 
370.70 

375.16 
379.64 
384.14 
388.67 

393.23 
397.82 
402.43 
407.07 

41 1.74 
41 6.43 
421.15 
425.89 

430.66 
435.46 
440.29 
445.14 

450.02 
454.92 
459.85 
464.81 

469.80 
474.81 
479.84 
484.91 
490.00 

Sa. In. 



- 
Yidtt 
In. 
- 

'/4 

% 
% 

1 

1 '/4 
1 % 
1% 
2 

2% 
2% 
2% 
3 

3'/4 
3% 
3% 
4 

4'/4 
4% 
4% 
5 

5% 
5% 
53/4 
6 

6% 
6% 
63/4 
7 

7% 
7% 
7% 
8 

8% 
9 

9% 
0 

0% 
1 

1 % 
2 

Thickness, Inches 



- 
Vidtb 
In. 
- 

'/4 

'/2 

% 
1 

1 '/4 
1% 
1 % 
2 

2% 
2% 
2% 
3 

3 '/4 
3% 
3% 
4 

4% 
4% 
4% 
5 

5% 
5% 
5% 
6 

6'/4 

6% 
6 Y 4  

7 

7'/4 

7% 
7% 
8 

8% 
9 

9% 
0 

0% 
1 

1 % 
2 

Thicknes S, Incl - 



thl 

Nomenclature of sketch for A.S.C.E. rails also applies to the other sections. 
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The ASCE rails and the 104- to 175-lb. crane rails listed below are recommended for 
crane runway use. For complete details and for profiles and roperties of rails not 
listed, consult manufacturers' catalogs. 

Rails should be arranged so that joints on opposite sides of the crane runway 
will be staggered with respect t other and with due consideration to the wheel- 
base of the crane. Rail joints not occur at crane girder splices. Light 40-lb. 
rails are available in 30-ft len -1b. rails in 30-, 33- or 39-ft lengths, standard 
rails in 33- or 39- ft lengths and crane rails up to 60 ft. Consult manufacturer for avail- 
ability of other lengths. Odd lengths, which must be included to complete a run or 
obtain the necessary stagger, should be not less than 10 ft long. For crane rail serv- 
ice, 40-lb. rails are furnished to manufacturers' specifications and tolerances. 60- and 
85-lb. rails are furnished to manufactu ations and tolerances, or to 
ASTM A l .  Crane rails are furnished to . Rails will be furnished with 
standard drilling (see p. 1-115) in both standard and odd lengths unless stipulated 
otherwise on order. For controlled cooling, heat treatment an rail end preparation, 
see manufacturers' catalogs. Purchase orders for crane rails should be noted "For 
crane service." 

- 
lorn. 
inal 
wt. 
per 
Yd. - 
Lb. - 
30 
40 
50 
60 
70 
80 
85 

100 
104 
135 
171 
175 - 

d 

- 
In. - 

3% 
3% 
3% 
4'/4 
4% 
5 

53/4 
5 
53/4 
6 
6 - 

- 
Gage 
9 

In. - 
1 2% 

1 23/32 

2% 
2% 6 
2~~~ 
2 % 2 8  
2% 6 

2% 
25h 
22%2 

- 
- 

b 

- 
In. - 

3% 
3% 
37/8 
4v4 
4% 
5 
5 % ~  
53/4 
5 
!i3/ie 
6 
6 

Web Proper !s-Axis X-X 

For maximum wheel loadings see manufacturers' catalogs. 



It is often more desirable to use properly installed and maintained bolted splice bars 
in making up rail joints for crane service than welded splice bars. 

Standard rail drilling and joint bar punching, as furnished by manufacturers of 
light standard rails for track work, include round holes in rail ends and slotted holes 
in joint bars to receive standard oval neck track bolts. Holes in rails are oversize and 
punching in joint bars is spaced to allow 1/16 to ?h in. clearance between rail ends (see 
manufacturers' catalogs for spacing and dimensions of holes and slots). Although 
this construction is satisfactory for track and light crane service, its use in general 
crane service may lead to joint failure. 

For best service in bolted splices, it is recommended that tight joints be stipu- 
lated for all rails for crane service. This will require rail ends to be finished by milling 
or grinding, and the special rail drilling and joint bar punching tabulated below. Spe- 
cial rail drilling is accepted by some mills, or rails may be ordered blank for shop 
drilling. End finishing of standard rails can be done at the mill; light rails must be 
end-finished in the fabricating shop or ground at the site prior to erection. In the 
crane rail range, from 104 to 175 lbs. per yard, rails and joint bars are manufactured 
to obtain a tight fit and no further special end finishing, drilling or punching is re- 
quired. Because of cumulative tolerance variations in holes, bolt diameters and rail 
ends, a slight gap may sometimes occur in the so-called tight joints. Conversely, it 
may sometimes be necessary to ream holes through joint bar and rail to permit entry 
of bolts. 

Joint bars for crane service are provided in various sections to match the rails. 
Joint bars for light and standard rails may be purchased blank for special shop punch- 
ing to obtain tight joints. See Bethlehem Steel Corp. Booklet 3351 for dimensions, 
material specifications and the identification necessary to match the crane rail sec- 
tion. 

Joint bar bolts, as distinguished from oval neck track bolts, have straight shanks 
to the head and are manufactured to ASTM A449 specifications. Nuts are manufac- 
tured to ASTM A563 Gr. B specifications. ASTM A325 bolts and nuts may be used. 

olt assembly includes an alloy steel spring washer, furnished to AREA specifica- 
tion. 

After installation, bolts should be retightened within 30 days and every three 
months thereafter. 

When welded splices are specified, consult the manufacturer for recommended rail 
end preparation, welding procedure and method of ordering. Although joint conti- 
nuity, made possible by this method of splicing, is desirable, it should be noted that 
the careful control required in all stages of the welding operation may be difficult to 
meet during crane rail installation. 

Rails should not be attached to structural supports by welding. Rails with holes 
for joint bar bolts should not be used in making splices. 
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Rail End 

Cut when specified -A I- 4 

L 

Joint Bar 

r-p p Ra~l I Jomt Bar I  on I Washei I W1 2 Bars I 



ook bolts are used primarily with light rails when 
attached to beams with flanges too narrow for 
clamps. Rail adjustment to +-?4 in. is inherent in 
the threaded shank. Hook bolts are paired alter- 
nately 3 to 4 in. apart, spaced at about 24-in. cen- 
ters. The special rail drilling required must be done 
at the fabricator's shop. 

Although a variety of satisfactory rail clamps are available from track accessory 
manufactures, the two frequently recommended for crane runway use are the fixed 
and floating types illustrated below. These are available in forgings or pressed steel, 
either for single bolts or for double bolts as shown. The fixed-type features adjust- 
ment through eccentric punching of fillers and positive attachment of rail to support. 
The floating-type permits longitudinal and controlled tansverse movement through 
clamp clearances and filler adjustment, useful in allowing for thermal expansion and 
contraction of rails and possible misalignment of supports. Both types should be 
spaced 3 ft or less apart. 

Revers~ble Clamp Revers~ble Clamp 

Off center 
punchmg 

or nut and lock washer 

Gage 4 
Floating Clamp 

Dimensions shown above are suggested. See manufacturers' catalogs for recom- 
mended gages, bolt sizes and detail dimensions not shown. 
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An analysis for torsional shear is not required for the routine design of most struc- 
tural steel members. When torsional analysis is required, the tableof Torsion Prop- 
erties will be of assistance in utilizing current analysis methods. The reader is re- 
ferred to the AISC publication, Torsional Analysis of Steel Members, for additional 
information and appropriate design aids. 

Torsion Properties are also required to determine the allowable torsional buck- 
ling stresses as specified in the AISC LRFD Specification Appendix E3. 

Warping constant for a section, in.6 
Modulus of elasticity of steel (29,000 ksi) 
Shear modulus of elasticity of steel (11,200 ksi) 
Flexural constant 
Torsional constant for a section, in.4 
Statical moment for a point in the flange directly above the vertical edge of 

the web, in.3 
Statical moment at mid-depth of the section, in.3 
Polar radius of gyration about the shear center, in. 
Warping statical moment at a point in the section, in.4 
Normalized warping function at a point at the flange edge, in.' 



Torsional Warping 1 conrt 1 constant 
Designation cw 

In. 
97.2 

11 1 
122 
137 
145 
158 
173 
188 
206 
225 
70.4 
75.4 
81.7 
88.4 
95.1 

103 
110 
121 
130 
138 
151 
173 
187 
126 
136 
146 
57.5 
59.8 
64.0 
68.6 
73.7 
80.0 
85.2 
91.9 

100 
lo8 
117 
127 
134 
144 
151 
160 
90.6 
98.3 

109 
116 
123 
130 
137 
145 
159 
63.0 
66.9 
71.8 
77.1 
83.1 
89.2 
96.1 

105 
113 
123 
135 
145 

Statical 
Moment 

Qf Qw 

204 657 
184 574 
166 51 7 
144 450 



shapes 

Designation 

Torsional 
Constant 

J 

Warping 
Constant 

c w  

In.= In. 

110 
123 
131 
141 
154 
55.4 
59.3 
63.6 
68.3 
73.6 
79.1 
85.0 
92.8 
102 
1 1 1  
124 
135 
148 
93.9 
106 
112 
119 
127 
136 
146 
47.8 
50.6 
54.1 
57.9 
62.3 
66.8 
71.5 
76.5 
82.2 
88.4 
94.7 
104 
114 
124 
135 
86.9 
98.7 
108 
117 
129 
40.1 
42.4 
45.2 
48.2 
51.8 
55.4 
59.4 
64.4 
69.2 
75.0 
79.7 
85.9 
93.6 
103 
113 
125 
139 

EiiigZ 
Warping 
Constant 

Wno 

93.7 
93.8 
93.3 
92.8 
92.2 
129 
126 
124 
122 
120 
118 
117 
115 
114 
112 
112 
1 1 1  
110 
77.3 
77.3 
76.9 
76.5 
76.1 
75.7 
75.2 

1 1  1 
lo8 
lo6 
104 
102 
101 
99.4 
98.2 
97.1 
96.0 
95.0 
93.9 
93.7 
92.9 
92.2 
66.4 
66.4 
65.7 
65.4 
64.9 
92.1 
90.1 
88.1 
86.3 
84.6 
83.3 
82.0 
80.6 
79.6 
78.5 
77.7 
77.0 
77.0 
76.3 
75.6 
74.9 
74.3 

Warping 
Statical 
Moment 

s w  

Statical 
Moment 



Torsional 
Constant 

J 

Warping 
Constant 

c w  

In. 

77.8 
85.8 
94.8 
104 
114 

83.7 
92.0 

37.9 
40.4 
42.9 
46.2 
49.1 
53.0 
57.6 
62.1 
67.2 
72.6 
83.0 
90.9 
97.1 
105 
114 

65.3 
71.8 
79.7 
84.6 
91.8 

68.3 
76.2 
84.3 

33.2 
35.4 
37.7 
40.2 
43.4 
46.5 
50.1 
54.2 
58.6 
63.4 
70.3 
77.7 
83.5 
92.7 
103 

59.1 
63.4 
67.8 
73.1 
79.6 

60.3 
67.9 
76.6 

ormalized 
Warping 
Sonstant 

W"0 

Warping 
Statical 
Moment 

s w  

Statical 
Moment 



Designation 

Torsional 
Constant 

J 

Warping 
Constant 

c w  

In." 

1 1900 
10200 
8590 
7300 

2660 
2270 
1990 
1730 
1460 

739 
565 

362000 
305000 
258000 
21 9000 
187000 
160000 

144000 
129000 
1 16000 
103000 
891 00 
77700 
67800 
59000 
51 500 
45900 
40500 
35600 
31 700 

25500 
22700 
20200 
18000 
16000 

671 0 
5990 
5380 
471 0 

lormalizec 
Warping 
Constant 

Warping 
Statical 
Moment 

Statical 
Moment 



Torsional 
Constant 

J 

Warping 
Constant 

c w  

In. 

i'Gizz 
Warping 
Constant 

K O  

In.' 

26.7 
26.5 
26.2 

23.0 
22.8 
22.6 

16.9 
16.8 

46.4 
45.0 
44.0 
42.8 
41.8 
41 .O 
40.1 
39.2 
38.4 
37.7 
37.0 
36.4 
35.9 
35.5 
35.2 
34.9 
34.5 

28.9 
28.7 

23.3 
23.1 
22.9 

19.6 
19.4 
19.2 

12.0 
11.8 
11.7 
11.6 

Warping 
Statlcal 
Moment 

s w  

Statical 



Designation 

Torsional 
Constant 

J 

Warping 
Constant 

c w  

In. 

32.2 
35.0 
38.6 
42.9 
47.4 
52.6 
57.4 
62.1 

45.3 
51.3 
59.2 

41.5 
47.1 
54.5 

34.0 
37.6 
41.2 
49.1 

27.2 
30.3 
35.0 
40.9 
45.6 
50.5 

38.8 
44.0 

37.3 
42.8 

31.3 
34.8 
43.4 

29.0 
34.9 
44.2 

21 .o 
26.6 
33.7 

20.4 
23.4 

15.5 

lormalized 
Warping 
Constant 

W", 
In.' 

26.3 
25.8 
25.3 
24.8 
24.4 
24.0 
23.8 
23.6 

19.0 
18.7 
18.5 

14.5 
14.3 
14.1 

9.89 
9.80 
9.72 
9.56 

16.7 
16.3 
15.8 
15.5 
15.3 
15.1 

12.4 
12.2 

10.4 
10.3 

7.82 
7.74 
7.57 

9.01 
8.78 
8.58 

5.92 
5.75 
5.60 

5.94 
5.81 

3.87 

Warping 
Statical 
Moment 

s w  

ln.4 

85.7 
74.7 
64.2 
54.9 
47.6 
41.2 
36.6 
33.0 

23.6 
19.8 
16.0 

10.7 
9.05 
7.30 

3.93 
3.24 
2.62 
1.99 

32.3 
27.2 
22.0 
17.5 
15.2 
13.1 

9.43 
7.94 

5.47 
4.44 

2.47 
1.97 
1.53 

6.23 
4.82 
3.34 

2.42 
1.61 
1.19 

3.21 
2.62 

1.36 

Sta 
Mo 

Q' 

30.8 
27.2 
23.8 
20.7 
18.1 
15.9 
14.3 
13.0 

11.5 
9.77 
7.98 

7.09 
6.08 
4.95 

3.76 
3.13 
2.56 
2.00 

14.7 
12.5 
10.4 
8.42 
7.39 
6.46 

5.64 
4.83 

4.03 
3.31 

2.39 
1.93 
1.56 

3.92 
3.10 
2.18 

2.28 
1.55 
1.19 

2.44 
2.02 

1 .27 



Torsional 
Constant 

J 

Warping 
Constant 

c w  

In. 

ormalized 
Warping 
Constant 

W", 

Warping 
Statical 
Moment 

s w  

Statical 



Designation 

Torsional 
Constant 

J 

Warping 
Constant 

cw 

h6 

GJ 

In. 

- 
Warpmg 
Constant 

K O  

~ n . ~  

Warping 
Statical 
Moment 

sw 

~ n . ~  



Torsional 
Constant 

J 

-- 

Warping 
Constant 

c w  

492 
41 1 
358 

Polar Radius 
of 

Gyration 

In. 

5.49 
5.72 
5.94 

4.55 
4.72 
4.93 

3.63 
3.75 
3.93 
4.19 

3.46 
3.69 
3.79 

3.06 
3.27 
3.42 

2.75 
2.87 
3.02 

2.37 
2.49 
2.65 

2.10 
2.26 

1.75 
1.89 

1.39 
1.45 
1.53 

Flexural 
Consiant 

H 

No Units 

,937 
,927 
,920 

,919 
,909 
,899 

,921 
,912 
,900 
,883 

,899 
.882 
,874 

.894 

.874 

.862 

.875 

.862 
,846 

,858 
.843 
,824 

,814 
,790 

,768 
,741 

,689 
,674 
.656 



Designation 

In. 
I I 

Flexural 
Cons;ant 

H 

No Units 



Designation 
brsional 
;onstant 

J 

Polar 
Radius of 
Gyration 

G 
In. 

4.37 
4.38 
4.39 

4.31 
4.35 
4.37 
4.41 
4.45 
4.47 
4.48 

3.89 
3.93 
3.96 
3.99 
4.01 
4.02 
4.04 

3.77 
3.82 
3.86 
3.88 

3.33 
3.36 
3.38 
3.42 

No Units 

- 
- 
- 

,632 
.630 
,629 
,627 
,627 
,627 
,624 

rorsional 
:onstant 

J 
~ n . ~  

3.68 
2.51 
1.61 
.954 
.704 
,501 
,340 
.218 
.I29 

2.07 
1.33 
.792 
,585 
,417 
,284 
.I83 
.I08 

,396 
,174 
,103 

2.07 
1.33 
.792 
,417 
,284 
,183 
,108 

Polar 
Radius of 
Gyration 

i o  

In. 

Flexural 
Constant 

H 
No Units 

C, can be taken conservatively as zero for single angles. 



Designation 
rorsional 
Constant 

J 

1.11 
,660 
,348 
.238 
.I53 
.0905 
,0479 

.610 

.322 
,219 
,141 
,0832 
,0438 

1.02 
.610 
.322 
,219 
,141 
,0832 
,0438 

.301 

.206 
,132 
,0782 
,0412 

Polar 
Radius of 
Gyration 

G 
In. 

2.37 
2.40 
2.44 
2.45 
2.47 
2.49 
2.50 

2.36 
2.39 
2.41 
2.42 
2.43 
2.45 

2.1 1 
2.14 
2.17 
2.19 
2.20 
2.22 
2.23 

2.04 
2.06 
2.08 
2.09 
2.11 

Flexural 
Constant 

H 
No Units 

- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

,639 
.631 
.632 
,631 
,625 
,623 
,627 

- 
- 
- 
- 
- 

Designation 
Torsiona 
Constanl 

J 

.281 
,192 
,123 
,0731 
.0386 

.281 

.I92 
,123 
,0731 
,0386 

,260 
,178 
,114 
,0680 
,0360 

.234 

.I60 
,103 
,061 1 
,0322 

.234 

.I60 
,103 
,061 1 
,0322 
,0142 

Polar 
Radius of 
Gyration 

rL7 

In. 

1.95 
1.96 
1.98 
2.00 
2.01 

1.89 
1.91 
1.91 
1.93 
1.95 

1.76 
1.77 
1.79 
1.81 
1.83 

1.67 
1.68 
1.70 
1.72 
1.73 

1.60 
1.61 
1.63 
1.65 
1.66 
1.68 

Flexural 
Constant 

H 
No Units 

C, can be taken conservatively as zero for single angles. 



Designation 

Polar 
Radius of 
Gyration 
t 
In. 

Flexural 
Constant 

H 
No Units 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 
- 

.639 
,632 
,630 
,628 
,627 

Designation 

C, can be taken conservatively as zero for single angles, 

orsional 
ionstant 

J 
~ n . ~  

,0728 
,0432 
,0227 
.00990 

.OM0 

.0381 
,0201 
.00880 
,00274 

Polar 
Radius of 
Gyration 

ro 
In. 

1.22 
1.24 
1.25 
1.27 

1.05 
1.07 
1.09 
1.10 
1.12 

Flexural 
Constant 

H 

No Units 



Designation 

P 

Torsional 
Constant 

J 
~ n . ~  

54.3 
42.1 
32.0 
26.2 
20.7 
17.3 
14.3 

26.6 
19.8 
13.9 
11.1 
9.19 
7.51 
6.17 
5.04 
3.48 

57.2 
42.1 
32.4 
24.2 
17.9 
13.7 
10.2 

8.83 
6.16 
4.84 
3.67 
2.64 

19.9 
13.9 
10.3 
7.61 

7.27 
4.85 
3.98 
3.21 
2.49 
1.88 

Polar 
Radius of 
Gyration 

i o  

In. 

7.38 
7.32 
7.30 
7.27 
7.28 
7.28 
7.27 

7.43 
7.40 
7.49 
7.45 
7.45 
7.44 
7.46 
7.50 
7.65 

7.00 
6.94 
6.90 
6.86 
6.91 
6.90 
6.89 

6.74 
6.82 
6.85 
6.93 
7.02 

6.25 
6.27 
6.25 
6.25 

6.10 
6.19 
6.20 
6.24 
6.31 
6.38 

Flexural 
Constant 

H 
No Units 

0.797 
0.799 
0.797 
0.796 
0.791 
0.788 
0.784 

0.703 
0.703 
0.687 
0.687 
0.686 
0.684 
0.678 
0.670 
0.644 

0.802 
0.803 
0.801 
0.802 
0.792 
0.788 
0.784 

0.714 
0.700 
0.691 
0.678 
0.659 

0.817 
0.809 
0.806 
0.802 

0.716 
0.698 
0.693 
0.683 
0.669 
0.654 

Designation 

- 
- 

WT 13.5X108.5 
x 97 
X 89 
X 80.5 
x 73 

WT 13.5X 64.5 
x 57 
X 51 
x 47 
X 42 

WT12 x 88 
x 81 
x 73 
X 65.5 
X 58.5 
X 52 

WT12 x 51.5 
x 47 
X 42 
x 38 
x 34 

WT 12 X 31 
X 27.5 

WT 10.5x 83 
x 73.5 
X 66 
X 61 
x 55.5 
X 50.5 

WT 10.5X 46.5 
X 41.5 
X 36.5 
x 34 
X 31 

WT 10.5x 28.5 
X 25 
x 22 

rorsional 
Sonstant 

J 
~ n . ~  

18.5 
13.2 
9.74 
7.31 
5.44 

5.60 
3.65 
2.64 
2.01 
1.40 

12.0 
9.22 
6.70 
4.74 
3.35 
2.35 

3.54 
2.62 
1.84 
1.34 
,932 

,850 
,588 

11.9 
7.69 
5.62 
4.47 
3.40 
2.60 

3.01 
2.16 
1.51 
1.22 
,513 

,884 
.570 
,383 

Polar 
Radius of 
Gyration 

G 
In. 

Flexural 
Constant 

H 
No Units 

0.830 
0.826 
0.815 
0.813 
0.810 

0.731 
0.716 
0.714 
0.703 
0.685 

0.835 
0.831 
0.827 
0.818 
0.813 
0.809 

0.733 
0.727 
0.721 
0.709 
0.692 

0.619 
0.606 

0.861 
0.847 
0.845 
0.846 
0.846 
0.846 

0.729 
0.732 
0.732 
0.727 
0.722 

0.665 
0.640 
0.623 

C, can be taken conservatively as zero for tees. 



tru s 

orsional 
onstant 

J 

9.69 
7.31 
5.30 
3.73 
2.92 
2.04 
1.41 

1.74 
1.36 
1.08 
0.829 
0.613 

0.609 
0.403 
0.252 

3.85 
2.72 
1.78 
1.19 

1.10 
0.760 
0.655 
0.396 
0.271 

0.229 
0.130 

Polar 
Radius of 
Gyration 

G 
In. 

4.03 
3.99 
4.03 
4.00 
3.97 
3.95 
3.92 

3.72 
3.69 
3.67 
3.68 
3.66 

3.67 
3.65 
3.74 

3.62 
3.60 
3.56 
3.53 

3.30 
3.28 
3.27 
3.24 
3.30 

3.26 
3.32 

Flexural 
Constant 

H 
No Units 

0.874 
0.874 
0.862 
0.860 
0.862 
0.860 
0.862 

0.751 
0.755 
0.756 
0.749 
0.748 

0.694 
0.692 
0.662 

0.877 
0.877 
0.877 
0.879 

0.770 
0.770 
0.767 
0.769 
0.745 

0.695 
0.667 

Designation 
orsional 
:onstant 

J 
1n.4 

71 4 
555 
430 
331 
255 
196 
164 
135 
110 
88.3 
67.5 
51.8 
39.3 
29.6 
22.2 
17.3 
13.2 
9.84 
7.56 

Polar 
Zadius of 
Gyration 

G 
In. 

5.47 
5.36 
5.25 
5.15 
5.06 
4.98 
4.92 
4.87 
4.81 
4.77 
4.71 
4.66 
4.61 
4.56 
4.52 
4.49 
4.46 
4.42 
4.40 

Flexural 
Constant 

H 
No Units 

0.966 
0.966 
0.966 
0.967 
0.967 
0.967 
0.968 
0.968 
0.968 
0.968 
0.968 
0.969 
0.969 
0.970 
0.970 
0.971 
0.971 
0.971 
0.971 





Designation 
Torsiona 
Constani 

J 
~ n . ~  

7.50 
5.41 
3.75 
2.55 
1.78 
1.23 
0.909 
0.693 

0.753 
0.487 
0.291 

0.310 
0.201 
0.119 

0.116 
0.0776 
0.0518 
0.0272 

Polar 
Radius of 
Gyration 

io 

In. 

3.04 
3.00 
2.98 
2.93 
2.92 
2.89 
2.87 
2.85 

2.44 
2.42 
2.40 

2.17 
2.15 
2.17 

2.08 
2.12 
2.16 
2.16 

Flexural 
Constant 

H 
No Units 

,963 
.964 
,964 
.964 
.965 
.965 
.966 
.966 

,940 
,936 
,927 

,848 
,848 
,831 

,728 
,702 
,672 
,662 

Designation 
rorsional 
Constant 

J 
~ n . ~  

2.52 
1.66 
0.979 
0.559 
0.385 
0.268 

0.268 
0.173 

0.141 
0.0855 

0.0679 
0.0433 
0.0212 

0.229 
0.120 
0.0504 

0.1 1 1  
0.0449 
0.0202 

0.154 
0.0930 

0.0750 

Polar 
Radius of 
Gyration 

io 

In. 

2.41 
2.39 
2.34 
2.31 
2.29 
2.29 

1.97 
1.96 

1 .80 
1.81 

1.72 
1.74 
1.69 

1.76 
1.73 
1 .7l 

1.37 
1.37 
1.34 

1.44 
1.43 

1.16 

Flexural 
Constant 

H 
No Units 

,962 
,961 
,966 
,961 
,963 
,961 

,935 
,936 

,877 
.863 

.762 
,732 
.748 

.952 
,952 
.937 

.880 
346 
.852 

,964 
,962 

,947 

C, can b e  taken conservatively as zero for tees. 



Designation 
orsional 
;onstant 

J 

Polar 
Radius of 
Gyration 

ro 

In. 

Flexural 
Constant 

H 
No Units 

Designation 

C, can  b e  taken conservatively as zero for tees. 

Polar 
Radius of 
Gyration 

ro 

In. 

5.14 
4.88 

5.28 
5.1 1 
4.88 

4.36 
4.21 

4.29 
4.10 

4.02 
3.71 

3.22 
3.05 

2.60 
2.42 

2.49 
2.39 

2.23 
1.98 

1.73 
1.59 

1.55 
1.40 

1.36 
1.21 

1.17 
1.02 

0.909 
0.841 

0.736 
0.673 

Flexural 
Constant 

H 
No Units 

,640 
,685 

,584 
.6l6 
.657 

,625 
,661 

,612 
,655 

.583 

.662 

,637 
,689 

.663 

.733 

,697 
,731 

.653 
,768 

,707 
.789 

,703 
,802 

.706 
,820 

,712 
,842 

,800 
,872 

,832 
,913 



- - 
Back of Anale! Back, j. In. I Back to Back of Anales. In. Designation 



Designation 

Lona Leas Vertical I 
Back to Back of Angle: 5 ,  In. 

%I 

Short Legs Vertical 
Back Back - 
- 
r, 
2.74 
2.71 
2.70 
2.70 

2.69 
2.67 
2.67 
2.66 

2.40 
2.40 
2.39 
2.39 
2.39 
2.39 

2.29 
2.28 
2.28 
2.28 

2.22 
2.21 
2.21 
2.20 

2.10 
2.1 0 
2.10 

2.00 
2.00 
2.00 

1.94 
1.94 
1.93 

1.83 
1.82 
1.82 
1.82 
1.82 

f Angles, In. 
3/4 



Long Legs Vert 
Back to Back of An( 

ica Short Legs Vertical 
Back to Back 01 

- 
i Ang - j. In. 





Square feet per foot of len 

Desig- 
nation 

Case A: Shape perimeter, minus one flange surface. 
Case B: Shape perimeter. 
Case C: Box perimeter, equal to one flange surface plus twice the depth. 
Case D: Box perimeter, equal to two flange surfaces plus twice the depth. 



Desig- 
nation I 

Case A - 

I 
7.47 
7.44 
7.41 
7.37 
7.35 

8.82 
8.72 
8.61 
8.51 
8.42 
8.34 
8.27 
8.21 
8.15 
8.09 
8.04 
7.98 
7.95 
7.91 
7.87 

6.92 
6.88 
6.85 
6.82 
6.78 

8.07 
7.96 
7.86 
7.75 
7.66 
7.59 
7.51 
7.44 
7.38 
7.32 
7.27 
7.23 
7.22 
7.17 
7.12 
7.08 
7.04 

Case B - 

- 
8.34 
8.31 
8.28 
8.25 
8.22 

10.1 
9.97 
9.86 
9.74 
9.64 
9.55 
9.47 
9.40 
9.34 
9.27 
9.22 
9.15 
9.12 
9.08 
9.03 

7.75 
7.72 
7.68 
7.65 
7.61 

9.25 
9.13 
9.01 
8.89 
8.79 
8.71 
8.62 
8.54 
8.47 
8.40 
8.35 
8.31 
8.30 
8.24 
8.19 
8.15 
8.1 1 

- 
Case C - 

- 
5.90 
5.88 
5.84 
5.81 
5.79 

6.69 
6.59 
6.48 
6.38 
6.29 
6.21 
6.14 
6.08 
6.02 
5.96 
5.91 
5.85 
5.81 
5.77 
5.73 

5.44 
5.39 
5.35 
5.32 
5.28 

6.12 
6.01 
5.91 
5.80 
5.71 
5.64 
5.56 
5.49 
5.43 
5.37 
5.32 
5.28 
5.25 
5.20 
5.15 
5.1 1 
5.07 

Desig- 
nation 

Case A Case B Case C Case C 

Case A: Shape perimeter, minus one flange surface. 
Case B: Shape perimeter. 



Desig- 
nation 

sh 
Square feet per foot of len 

Desig- 
nation 

- 
Case A - 
- 
Sase B - 

Case A: Shape perimeter, minus one flange surface. 
Case 8: Shape perimeter. 
Case C: Box equal to one flange surface plus twice the depth. 
Case D: Box perimeter, equal to two flange surfaces plus twice the depth. 

Sase C - Sase D - 



Square feet per foot of length 

Case P Case E Case C Case D 

Desig- 
nation 

- 
Case C - 
- 
Case E - 
- 
Case E Case C 

pe perimeter, minus one flange surface. 
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Rolling structural shapes and plates involves such factors as roll wear, subsequent 
roll dressing, temperature variations, etc., which cause the finished product to vary 
from published profiles. Such variations are limited by the provisions of the Ameri- 
can Society for Testing and Materials Specification A6. Contained in this section is 
a summary of these provisions, not a reproduction of the complete specification. In 
its entirety, A6 covers a group of common requirements, which, unless otherwise 
specified in the purchase order or in an individual specification, shall apply to rolled 
steel plates, shapes, sheet piling and bars. 

In accordance with Table 1, carbon steel refers to AST Designations A36 and 
A529; high-strength, low-alloy steel refers to Designations A242, A572, and A588; 
alloy steel refers to Designation 41514; and low-alloy steel refers to A852. 

For further information on mill practices, including permissible variations for 
rolled tees, zees and bulb angles in structural and bar sizes, pipe, tubing, sheets and 
strip, and for other grades of steel, see ASTM A6, A53, A500, A568 and A618, and 
the AISI Steel Products Manuals and Producers' Catalogs. 

The data on spreading rolls to increase areas and weights, and mill cambering of 
beams, is not a part of 8 6 .  

Additional material on mill practice is included in the descriptive material pre- 
ceding the "Dimensions and roperties" tables for shapes and gates. 

Letter symbols representing dimensions on sketches shown herein are in accord- 
ance with ASTM A6, AISI and mill catalogs and not necessarily as defined by the gen- 
eral nomenclature of this manual. 

Methods of increasing areas and weights by spreading rolls . . . . . .  1-146 
Cambering of rolled beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-147 
Positions for measuring camber and sweep . . . . . . . . . . . . . . . . . . . .  1-148 
W Shapes, permissible variations . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-149 

. . . . . .  S Shapes, M Shapes, and Channels, permissible variations 1-151 

. . . . . .  Tees split from W, M and S Shapes, permissible variations 1-152 
Angles split from Channels, ermissible variations . . . . . . . . . . . . .  1-152 

. . . . . . . . . . . . . . . . .  Angles, structural size, permissible variations 1-153 
. . . . . . . . . . . . . . . . . . . . . . .  Angles, bar size, permissible variations 1-154 

. . . . . . . . . . . . . . . . . .  Steel Pipe and Tubing, permissible variations 1-155 
. . . . .  Plates, permissible variations for sheared, length and width 1-156 

. . . . . . . . .  Plates, permissible variations for universal mill, length 1-156 
. . . . . . . . . .  Plates, permissible variations for universal mill, width 1-156 

. . . . . . . . . . . . . . . . . . . . . .  Plates, permissible variations for camber 1-157 

. . . . . . . . . . . . . . . . . . . . . .  Plates, permissible variations for flatness 1-158 



To vary the area and weight within a given nominal size, the flange width, the flange 
thickness and the web thickness are changed, as shown in Fig. 1. 

1 -  Constant for a given nominal size 

Figure 1 

To vary the area and weight within a given nominal size, the web thickness and the 
flange width are changed by an equal amount, as shown in Figs. 2 and 3. 

Constant for a I ' given nominal size 
(except S24 and 520) 

Figure 2 Figure 3 

To vary area and weight for a given leg length, the thickness of each leg is changed. 
Note that leg length is changed slightly by this method (Fig. 4). 

Figure 4 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



All beams are straightened after rolling to meet permissible variations for sweep and 
camber listed hereinafter for shapes and S shapes. The following data refers to the 
subsequent cold cambering of beams to produce a predetermined dimension. 

The maximum lengths that can be cambered depend on the length to which a 
given section can be rolled, with a maximum of ft. The following table outlines 
the maximum and minimum induced camber of hapes and S shapes. 

Sections Nominal Depth 
In. 

I M a .  and Min. Camber Acceptable, In. 

shapes, 24 and over 

Consult the producer for specific camber and/or lengths outside the above listed 
available lengths and sections. 

ill camber in beams of less depth than tabulated should not be specified. 
A single minimum value for camber, within the ranges shown above for the 

length ordered, should be specified. 
Camber is measured at the mill and will not necessarily be present in the same 

amount in the section of beam as received due to release of stress induced during the 
cambering operation. In general, 75% of the specified camber is likely to remain. 

Camber will approximate a simple regular curve nearly the full length of the 
beam, or between any two points specified. 

Camber is ordinarily specified by the ordinate at the mid-length of the portion 
of the beam to be curved. Ordinates at other points should not be specified. 

Although mill cambering to achieve reverse or other compound curves is not 
considered practical, fabricating shop facilities for cambering by heat can accomplish 
such results as we1 form regular curves in excess of the limits tabulated above. 
Refer to Effect of t on Steel, Part 6 of this Manual, for further information. 



Camber c Sweep 

Sweep* 

Camber 

I 

I 

Cambe 

I 

* Due to the extreme variations in flexibility of these shapes, straightness tolerances for swec 
are subject to negotiations between manufacturer and purchaser for individual sections i 
volved. 



re- * 

Section 
T + T', Depth at 
Flanges, E? any Cross- 

Nominal Over Under Over Under Out of Web off Section over 
Size, In. Theo- Theo- Theo- Theo- Square, Center, Theoretical 

retical retical retical retical Max, In. Max, In. Depth, In. 

To 12, incl. '18 '/6 '/4 Y16 '/4 3/16 '/4 

Over 12 '/6 '/6 '/4 3/16 5/1 6 3/16 'h 

aVariation of %-in. max. for sections over 426 Ib./ft. 

Variations from Specified Length for Lengths Given, In. 
, 

W Shapes 30 ft and Under Over 30 ft 

ch additional 5 ft or 



Area and Weight Variation: 22.5% theoretical or specified amount. 
Ends Out-of-Square: 1/64 in. per in. of depth, or of flange width if it is greater than 

the depth. 
Camber and Sweep: 

Sizes with flange width equal to (total length, ft) 
All in. x 

or greater than 6 in. 10 

Sizes with flange width less (total length, ft) (total length, ft) 
in. x 

than 6 in. 10 5 

45 ft and (total length, ft) , 
Certain sections with a '/e in. x wrth ?h in. max. 

under 
flange width approx. equal to . 10 

depth & specified on order I (total length, ft - 45) 
as columnsb % in. t '/a in. x 

10 I 
8 x 31 and heavier, W 10 x 49 and heavier, W 12 x 65 and heavier, W 14 x 90 and 

ns are specified on the order as columns, the tolerance will be subject to negotiation 



Section 

S shapes and 
M shapes 

Channels 

A, Depth, ha B, Flange T + T', 
Width, In. 

Nominal Size, Out of 

in. Over Under Over under Square per 

Theo- Theo- Theo- Thee- Inch Of 

retical retical retical retical B1 In, 

3 to 7, incl. 3'32 % 6 '/a l h  '132 

Over 7 to 14, incl. '18 %2 5/32 5/32 %2 

Over 14 to 24, incl. % 6  'h 3/1 s %6 %2 

3 to 7, incl 3/32 ' / l 6  '18 '/a '132 

Over 7 to 14, incl. 'h 3/32 '/8 5/32 "32 

Over 14 3/1 s '18 l h  K 6 l / 3 ~  

Area and Weight Variation: + 2.5% theoretical or specified amount. 
Ends Out-of-Square: S shapes and channels 1/64 in. per in. of depth. 

total length, ft 
Camber: ?h in. x 

5 



Dimension A may be approximately ?h beam or channel depth, or any dimension 
resulting from off-center splitting, or splitting on two lines as specified on the order. 

I Variations in Depth A 
Over and Under 

Depth of Beam from which Tees or Angles are Split 
Tees Angles I 

To 6 in., excl. 
6 to 16, excl. 
16 to 20, excl. 
20 to 24, excl. 
24 and over 

The above variations for depths of tees or angles include the permissible varia- 
tions in depth for the beams and channels before splitting. 

Other permissible variations in cross section, as well as permissible variations in 
length, area and weight variation and ends out-of-square, will correspond to those 
of the beam or channel before splitting, except 

total length, ft 
camber = l/s in. x 

5 



IATIONS IN CROSS SECTsON 

Length of Leg, in. T, Out of 
Section Nominal Size, in." Square per 

Under In. of B, In. 

Angles 3 to 4, inch lh 3/32 ~ / l  *ab 

Over 4 to 6, incl. lh lh %ab 

Over 6 3/l 6 lh %2eb 

"For unequal leg angles, longer leg determines classification. 
b3/12a in. per in. = 1 l/2 deg. 

Area and weight variation: ?2.5% theoretical or specified amount. 
Ends out-of-square: %28 in. per in. of leg length, or 1% deg. Variations based 

on the longer leg of an unequal angle. 

Camber: l/s in. x , applied to either leg. 
5 



1 and under 0.008 0.01 0 '132 %2eb 
Over 1 to 2, inc. 0.01 o 0.010 0.01 2 %4 % 2eb 

Over 2 to 3, excl. 0.012 0.01 5 0.015 'A6 %2eb 

7 h e  longer leg of an unequal angle determines the size for permissible variations. 
b%2e-in. per in. = 1 % degrees. 

Variations Over 

total length, ft 
Camber: % in. in any 5 ft, or ?4 in. x 

5 

ecause of warpage, permissible variations for straightness do not 
apply to bars if any subsequent heating operation has been performed. 

Ends Out-of-Square: Y128-in. per in. of leg length or 1% degrees. Variation based 
on longer leg of an unequal angle. 

*A member is "bar size" when its greatest cross-sectional dimension is less than 3 in. 



- 
ASTM A53 ASTM A61 8 

Weignt-The welght of the pipe as spec~fled In Table X2 and Outside Dimensions--For round hot formed structural tub- 
Table X3 (ASTM Specll~catton A531 shall not vary by more than ing 2 In. and over In nominal slze, the outside diameter shall not 
? 10 percent. vary more than + 1 percent from the standard spec~fted. 

Note that the we~ght tolerance of 2 10 percent IS determ~ned 
from the we~ghts of the customary 11Hs of pipe as produced for Mass onlyeThe mass Of structurai lubing shall 

shtpment by the mlll, div~ded by the number of feet of plpe In the be less lhan lhe 'peclfled "Iue by lhan 3.5 percent. 
IIH. On ptpe slzes over 4 In. where Individual lengths may be Length-Structural tublng iscommonly produced In random 
we~ghed, the welght tolerance IS applicable to the ~ndiv~dual mlll lengths In mult~ple len ths, and In def~n~te cut lengths. When 
length. cut lengths'are spec~f~ed Qor structural tub~ng, the length toler- 

Diameter..+or pipe In. and over in nominal diameter, the ances shall be In accordance with the following table: 

outstde d~ameter shall not vary more than + 1 percent from the 
standard speclfled. 

Thickneas-The mtnlmum wall thickness at any polnt shall 
be not more than 12.5 percent under the nomlnal wall th~ckness 
spec~f~ed. 

Straightness-Tne perm ssto e r artat on lor stratghtnessof 
str4ct-ral luomg snal oe ' R n t mes tne nbmoer of 'eet of total 
length dlvlded by 5 

Square end Rectangular Tubing 

ASTM A500 and ASTM A618 

Outside Dimensions-The spec~f~ed dlmens~ons, mea- 
sured across the flats at posltlons at least 2 In from e~ther end of 
square or rectangular tubmg and lnclud~ng an allowance for 
convexlty or concavlty, shall not exceed the plus and mlnus 
tolerance shown In the followlng table. 

'The respectlve outslde dlmens~on tolerances Include the allow- 
ances for convexlty and concavlty 

Lengths--Structural tub~ng IS commonly produced In ran- 
dom lengths In mult~ple lengths, and Indeflnttecutlengths When 
cut lengths are spec~fied for structural tub~ng, fhe length toler 
ances shall be In accordance w~th the followlng table 

Over 22 to 

and under 

Straightness-The perrn~ss~ble variation for stratghtness of 
structural tublng shall be '/8 In tlmes the number of feet of total 
lenath dlvlded bv 5. 

Squareness of Sides--For sq-areor rectanq-lar str,ctLral 
Lblng, adlacent sldes may oevlate from 90 deqrees oy a to er- 
ance of p l ~ s  or mln-s 2 oegrees max 

Radius of Corners--For square or rectangular structural 
tublng, the radtus of any outs~de corner of the sectlon shall not 
exceed three tlmes the speclf~ed wall th~ckness 

Twist-The tolerances for tw~st or vanatton w~th respect to 
axlal alignment of the sectlon, for square and rectangular struc- 
tural tubmg shall be as shown In the followmg table 

I Spec~f~ed Max~mum Twlst 
Dtmens~on of per 3 ft 

Lonqest Side. ~ n .  of Lenqth, en. 

1 '/z and under 
r 1% to 21/2. lncl. 

Tw~st IS measured by holdmg down one end of a square or 
rectangular tubeon a flat surface plate wlth the bottom s~deofthe 
tube parallel to the surface plate and noting the helght that e~ther 
corner, at theopposlteendof the bottom s~de of the tube, extends 
above the surface plate. 

Wall Thickness (A500 only)-The tolerance for wall thick- 
ness excluswe of the weld area shall be plus and mlnus 10 
percent of the nom~nal wall th~ckness spec~f~ed. The wall thick- 
ness IS to be measured at the center of the flat. 

Mass (A618 only)-The mass of structural tubmg shall not 
be less than the spec~fled value by more than 3.5 percent 



APES 
(1% in. and under in thickness) 

(2% in. and under in thickness) 

Specified Dimensions, In. 

Length 

To 120, excl. 

120 to 240, 
excl. 

240 to 360, 
excl. 

360 to 480, 
excl. 

480 to 600, 
excl. 

600 to 720, 
excl. 

720 and over 
excl. 

Width 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

To 60, excl. 
60 to 84, excl. 
84 to 108, excl. 
108 and over 

Variations over Soecified Width and Lenath for Thickness, 
In., and ~quivalent Weig 

TO 3/8, excl. 1 3/8 to 5/8 ,  ~ X C I .  

15.3 1 
excl. e: 

.ength Width 

Ih 7/16 

% % 
3/4 5/a 

va  3/4 

3/4 % 
3/4 % 
% l'/le 

1 3/4 

1 l/2 

1 5/a 

1 '%6 

1% 76 

I '/a '12 
1'h % 
1 'h 3/4 

1% % 

1 '/4 % 
1% % 
1% 3/4 

1'h % 

1% % 
1% 3/4 

13/4 3/4 

1 %  1 

2 3/4 

2 7/8 

2 7/8 

2 1 %  

;, Lb. ~ e f ~ q .  1 
% to 1. excl. 

25.5 1 
e - 

Width 

I/" 

% 
3/4 

7/e 

% 
3/4 

% 

% 
3/4 

?A3 

1 

% 
3/4 

7/8 

1 

% 
3/4 

?'a 

1 

3/4 

'La 

7/e 

1 Ih 

?h 
1 
1 
1 l/4 

40.8, 
1. 
Length - 

3/4 

7/8 
1 
1 'h 

1 
1 
1 '/a 
1 ?"4 

1 '/4 
1 '/4 
1% 
1 % 

1 ?h 
1 % 
1 % 
1 % 

1 =/a 
1% 
1 ?'a 
1 3/4 

1% 
1 'La 

1 v a  

2% 

2% 
2 '/4 
2 '/4 
2% 

Given 

1 to 2. incl.* 

Width - 
% 
3/4 

1 
1 l/8 

3/4 

7/s 

1 
1 'h 

3/4 

% 
1 
1 'h 

3/4 

Va 

1 
1 'h 

3/4 

'La 

1 
1 1 h  

?h 
1 
1 l/8 

1 '/4 

1 
1 1 h  

1 '/4 
1% 

*permissible variations in length apply also to Universal Mill plates up to 12 in. width for thick- 
nesses over 2 to 2% in. incl. except for alloy steels up to 1% in. thick. 

Note?,: Permissible variations under specified width and length, Ih in. 
Table applies to all steels listed in ASTM A6. 



Variations from Flatness for Specified Widths, In. 

Specified 
Thickness, In. 

To l/4, excl. 
'/4 to 3/6, excl. 
3/~ to %, excl. 
% to 3/4, excl. 
3/4 to 1, excl. 
1 to 2, excl. 
2 to 4, excl. 
4 to 6, excl. 
6 to 8, excl. 

excl. 

% 6 

5/16 

% 6 

36 to 
48, 

excl. 

48 to 
60, 

excl. excl. excl. 

3/4 
% 3/4 

5/8 % 
'/2 '12 

% 6 

3/4 '/a 

108 to 
120, 
excl. 

1 3/4 
1 % 
1 '/a 

1 
716 

% 
6 

Y4 
716 

General Notes: 
1. The longer dimension specified is considered the length, and permissible variarions in 

flatness along the length should not exceed the tabular amount for the specified width in 
plates up to 12 ft. in length. 

2. The flatness variations across the width should not exceed the tabular amount for the 
specified width. 

3. When the longer dimension is under 36 in., the permissible variation should not exceed '/4 in. 
When the longer dimension is from 36 to 72 in., incl., the permissible variation should not ex- 
ceed 75% of the tabular amount for the specified width, but in no case less than l/4 in. 

4. These variations apply to plates which have a specified minimum tensile strength of not 
more than 60,000 psi or compatible chemistry or hardness. The limits in the table are in- 
creased 50% for plates specified to a higher minimum tensile strength or compatible chem- 
istry or hardness. 

STEEL 
S 

l~axirnum permissible camber, in. (all thicknesses) = '/a in. x (total length, (115) I 

IVEWSAL MILL PLATES, 
HIGH STR 

S, IJ 

Over 2 to 15, incl. 3/,6 in. x (total length, fU5) 
r 2 to 15 incl. Over 30 to 60 incl. 



Variations from Flatness for S~ecified Widths: In. 

Specified 
Thickness, In. 

excl. 

To %, excl. 
lh to Ye, excl. 
Y e  to %, excl. 
% to %, excl. 
3/i to 1, excl. 
1 to 2, excl. 
2 to 4, excl. 
4 to 6, excl. 
6 to 8, excl. 

36 to 48 to 60 to 
48, 60, 72, 

excl. excl. excl. 

1 '/a 1 Ya 1% 
'5/16 l'h 1% 
'/E ' % 6  15?6 

3/4 13h6 '/a 

3/4 7/8 ?h 
5/8 3/i 13h6 

'/16 ' % 6  3/4 

"A 6 Y4 Y4 

v4 y4 15h6 

General Notes: 
1. The longer dimension specified is considered the length, and variations from a flat surface 

along the length should not exceed the tabular amount for the specified width in plates 
up to 12 ft. in length. 

2. The flatness variation across the width should not exceed the tabular amount for the 
specified width. 

3. When the longer dimension is under 36 in., the variation should not exceed 3h in. When the 
longer dimension is from 36 to 72 in., incl. the variation should not exceed 75% of the tabu- 
lar amount for the specified width. 

(15 in. and under in thickness) 

Variations Over Specified Width for Thickness, in., and Equivalent 
Weights, Ib. per sq. ft, Given 

Over Over 
To %, 318 to %, 5/e to 1,  1 to 2, 

to , 0, to , 5,  Specified Width, 
excl, excl. excl. incl. 

In. incl. incl. 

15.3 to 25.5 to 40.8 to 81.7 to 409.0 to 
To 15.3, 

25,5, 
excl. 

40.8, 81.7, 409.0, 61 3.0, 
excl. excl. incl. incl. incl. 

Over 8 to 20, excl. lh 'h 3/i 6 '/4 9'8 I/z 

20 to 36, exd. 3/1 6 '/4 5/16 3/6 % 6 =/l6 

36 and over 6 3/~ 7/1 6 l/2 % 6 YE 

Notes: Permissible variation under specified width, % in. 
Table applies to all steels listed in ASTM A6. 
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This table is provided to facilitate the selection of flexural members designed on the 
basis of allowable bending stress in accordance with F1 of the AISC ASD Specifica- 
tion. It includes only and M shapes used as beams. A beam can be selected by en- 
tering the table with er the required section modulus, or with the design bending 
moment, and comparing these with the tabulated values of Sx and 

The table is applicable to adequately braced beams for which maximum limiting 
values of allowable stress are permitted by the AISC ASD Speci 
not meeting these bracing requirements, the charts of Allowable 
with Unbraced Lengths Greater than L, ( 

For most loading conditions, it is convenient to use the 
ever, for adequately braced simply supported beams with a uniform load over the 
full length, or equivalent symmetrical loading, the Allowable Uniform Load Tablet 
(Manual Part 2) can also be used. 

In this table, the shapes are listed in groups by descending order of section mod. 
ulus Sx and include corresponding values of F; and detailing depth d. 

Included also for steels of Fy = 36 ksi and 1F, = 50 ksi are values for the maxi 
mum resisting moment M, and the limiting values of unbraced lengths LC and L, 
The lightest shape is listed at the top of each group, and is shown in boldface type 

The values of MR are valid for beams with unbraced lengths less than or equa 
to LC. When the values of LC do not appear, the M, values are valid for unbracec 
lengths up to L,. 

The symbols used in this table are: 

Sx = elastic section modulus, X-X axis, in.3 

Fi = theoretical yield stress at which the shape becomes noncompact, as de 
fined by flange criteria [Sect. B5.11, ksi 

LC = maximum unbraced length, in feet, of the compression flange at whicl 
the allowable bending stress may be taken at 0.66Fy, or from Equatior 
(Fl-3) when applicable. 

L, = maximum unbraced length, in feet, of the compression flange for whicl 
the allowable bending stress may be taken at 0.60Fy when Cb = 1. 

M, = beam resisting moment FbSx/12, kip-ft, where 
Fb = 0.66Fy, if shape has compact sections 
F, = F, [O.B - 0.002(bf / 2 t f ) q ] ,  if shape has noncompact flanges 

Determine the required elastic section modulus Sx from the maximum design mo 
ment, using the appropriate Fb for the desired yield strength steel. Enter the colum~ 



headed Sx and find a value equal to or larger than the section modulus required. Al- 
ternately, enter the MR column and find a value of MR equal to or greater than the 
design moment. The beam opposite this value in the shape column, and all beams 
above it, have sufficient bending capacity. The first beam that appears in boldface 
type adjacent to or above the required S, or MR is the lightest that will serve for the 
yield strength stated. If the beam must not exceed a certain depth, proceed up the 
column headed "Shape" until a beam within the required depth is reached; then 
:heck to see that no lighter beam of the same depth appears higher in the column. 

After a shape has been selected, the following checks should be made: The lat- 
:ral bracing of the compression flange should be spaced no greater than LC when an 
allowable stress of 0.664 or an allowable stress determined from Equation F1-3 was 
used in calculating the required Sx, or when MR value is used as a basis for design. 
Fhe spacing should be no greater than L, when an allowable stress of 0.64 was used 
n calculating the required S,. For beams with unbraced lengths greater than these 
limits, it is recommended that the charts of Allowable Moments in Beams with Un- 
xaced Lengths Greater than L, be used. A check should be made for web shear ca- 
3acity of the selected beam by referring to the Allowable Uniform Load Tables or 
3y use of the formula V = F,,dt. Also, if a deflection limitation exists, the adequacy 
3f the selected beam should be checked. 

Where torsional or other special loading conditions occur, proper provisions 
nust be made in the design. Consult appropriate references for such conditions. 

ielect a beam of F,, = 36 ksi steel subjected to a bending moment 
)f 125 kip-ft, having its compression flange braced at 6.0-ft inter- 
BIS. 

Issume Fb = 0.665 = 23.8 ksi. 

M 125 x 12 
;, (req'd) = - = = 63.0 h3 

Fb 23.8 

?nter the Allowable Stress Design Selection Table and find the 
learest tabulated value of S, is 64.7 in.3, which corresponds to a 

16x40 since it is in boldface type. 

4 check of the F; column shows a dash, indicating F; is greater 
han 65 ksi. Therefore, the shape is compact. 

Tram the table, LC = 4.4 ft > 6.0 ft. :. the bracing is adequate and 
he assumed allowable stress of 0.664 is correct. 

llternafe Sol~~tion 

Znter the column of MR values and note the tabulated value near- 
:st the design moment is 128 kip-ft, which corresponds to a 

16x40 is the lightest suitable shape. 

at LC = 7.4 ft > 6.0 ft. :. 

ASD 
Specification 
Reference 



2 - 6 

Determine the moment capacity of a 16 x 40 of 4 = 336 ksi steel 
with the compression flange braced at intervals of 9.0 ft. 

Solution: 

Enter the Allowable Stress Design Selection Table and note: 

L, = 10.2 ft and LC = 7.4 ft 

L, > 9.0 ft > LC; F, = 0.60Fy = 21.6 ksi 

S, = 64.7 in.3 

Given: 

Select a beam of Fy = 50 ksi steel subjected to a bending moment 
of 20 kip-ft having its compression flange braced at 3.0-ft. inter- 
vals. 

Solution (S, method): 

Assume Fb = 0.66Fy = 33 ksi 

Enter the Allowable Stress Design Selection Table and note the 
nearest tabulated value of S, is 7.31 in.3 for a 6 x  12, which is not 
in boldface type and therefore is not the lightest section. 

The lightest shape in the group is an MI0 X 9; however, the LC and 
L, values of 1.9 ft and 2.3 ft, respectively, are less than the re- 
quired 3.0 ft. The next lightest shape is a 8X 10 with LC = 3.4 ft. 

A check of the Fi column shows a value of 45.8 h i .  Since F; is less 
than 50 ksi, the shape is Aloncompact due to flange criteria. There- 
fore, the allowable stress is less than 0.66Fy and must be deter- 
mined from Equation (F1 From Properties Tables for 
shapes, Part 1, bf/2tf for a x 10 equals 9.6 and the allowa 
stress is determined to be Fb = 32.7 ksi. 

fb = = 30.7 ksi < 32.7 h i  

Solution (MR method): 

Enter the Selection Table in the column of MR values for F, = 50 
ksi and note the value of MR = 21 kip-ft. for a 
than the applied bending moment of 20 kip-ft. 

Use: W 8 x  10 

ASD 
Specification 
Reference 

.1 
d 

F1.3 

.1 

Equation 
(F1-3) 



-- 

Shape 
Depth 

d - 
In. - 
2% 

42 

41 'h 

43% 

'h 

39% 
38% 

42% 
37% 

39% 

41 % 
35% 
37% 
38% 

44 % 
34v4 
36Y4 
38% 
32% 

41 
34% 
36% 

37Y4 
32 

'h 
% 

36 

4 
37% 
31% 
29% 

Ksi 

= 36 ksi 



Shape 

0x324 
OX391 

W 33 x 354 

40x298 
36 x 328 

40x297 
27x407 

W 24 X 450 
W 30x357 

44x2 
36x3 

W 33x318 

40x277 

W 24 X 408 
W 36 x 280 
W 30 X 326 
W 33x291 

W 27x336 
W 24 X 370 
W 36 X 260 
W 21 X402 
W 30 x 292 
W 33 x 263 
W 36 X 245 
W 36x256 

W 24 x 335 

40x215 
W 40x221 
W 21 X364 
W 36 X 230 
W 33x241 
W 30x261 
W 27x281 
W 36x232 
W 24 x 306 

Depth 
d - 

In. - 
40% 
33Y4 
35% 

29% 
32% 

44 
36% 
35% 

39Y4 

39% 
30% 
28% 
36% 
32% 
34% 

39% 

39 
43% 
30 
28 
36% 
26 
32 
34% 
36% 
37% 

Y4 
Ya 

9 
38% 
25% 
35va 
34% 
31 % 

37% 
27% 

= 36 ksi 



Shape 
Depth 

d 

In. Ksi 

= 36 ksi 



Shape 
Depth 

d 

In. Ksi 

= 36 ksi 



Shape 
Depth 

d 

In. Ksi 

= 36 ksi 



Shape 

W 10x60 

16x40 
12x50 

W 14x43 
W 10x54 
W 12x45 

18x35 
16x36 

W 14x38 
W 10x49 
W 12x40 
W 10x45 

14x34 

46x31 
W 12x35 
W 10x39 

W 8x35 

14x22 
W 10x26 
W 8x31 

W 8x28 

W 8x24 
W 10x19 
W 8x21 

Depth 
d - 

In. - 
17% 
10% 

16 
12% 
13% 
10% 
12 

6 73/4 
15% 
1 4% 
10 
12 
101h 

14 

15% 
12% 
9% 

12% 
10% 
8% 

13Y4 
10% 
8 

12% 
8 

12% 

14 
7% 

101/4 
8'/4 - 

= 36 ksi 



Shape 
Depth 

d 

F, = 36 ksi 

=i 





When plastic design is used in proportioning continuous beams and structural 
frames, bending capacity based on ultimate strength is determined by the plastic sec- 
tion modulus of a shape. Fundamentals of plastic design are discussed in various 
publications, including Plastic Design of Braced Multistory Frames, published by the 
American Iron and Steel Institute in cooperation with AISC. 

The AISC ASD Specification permits plastic design with steels of yield strengths 
up to 65 ksi. Section N2 of the AISC ASD Specification lists the ASTM steels that 
may be used. 

In this table, the plastic section modulus Zx has been tabulated for hot-rolled 
shapes which satisfy the requirements of Chapter N of the AISC ASD Specification. 

and M shapes of Fy = 36 ksi and Fy = 50 ksi steel. When no axial load 
is present, all shapes included in the table can be classified as "plastic design sec- 
tions" except for those shapes of Fy = 50 ksi steel where the values of M, and Py do 
not appear. When axial load is present, shapes marked with an asterisk (*) must be 
checked for compliance with Equations (N7-1) and (N7-2).  Additionally, the tabu- 
lated values are valid only for members laterally braced in accordance with AISC 
ASD Specification Sect. N9. 

The use of the Plastic Design Selection Table in determining the lightest shape 
for the design requirements is similar to the procedure previously outlined for the 
Allowable Stress Design Selection Table. The boldface type identifies the shapes 

the lightest in weight in each group. 
symbols used in the table are defined below: 

Zx = plastic section modulus, X-X axis, in.3 

A = area of the shape, in.' 

dlt,,,= depth-thickness ratio of t e web. Used to check compliance with Equa- 
tions (N7-1) and (N4-2).  

rx = radius of gyration with respect to the X-X axis, in. Used in determining 
the slenderness ratio about the X-X axis. 

ry = radius of gyration with respect to the Y-Y axis, in. Used in determining 
the slenderness ratio about the Y-Y axis. Also used to determine PC, and 

and to determine the lateral bracing requirements in accordance 
with N9 of the AISC ASD Specification. 

4 = plastic moment, kip-ft, = (Fy x Zx)112 
lastic axial load, kips, = (Fy x A )  



Shape 

W 36 X 485 
W 30x526 

40x436 
33 x 468 

W 27x539 
W 36 x 439 

W 27 X 494 
W 33 X 424 

W 14x730 

W 30 x 433 
W 33 x 387 
W 24 X 492 
W 27 X 448 

W 36 x 359 
W 14x665 

In. - 

17.2 

17.0 
15.2 

15.9 

15.6 
13.8 

1 
1 
12.7 
15.6 

1 
1 
12.6 
14.7 

15.5 
8.17 

16. 
13.5 
14.7 
11.5 
12.5 

16.7 
15.4 
7.98 

PY 

Kip 

691 0 

6520 

5620 
5980 

5540 
61 20 

5040 
5440 
5110 
5540 

5690 
461 0 

18 
5040 
5220 
4460 

4140 
7740 

4570 
4070 
51 80 
5220 

* 347 
3780 
7060 

*Check shape for compliance with Equations (N7-1) or (N7-2), Sect. N7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 
loading. 



- 
Shape 

In. In. 

F, = 36 ksi 

PY 

Kip 

3430 
41 00 
3740 
4750 
3470 
4280 

*315 

31 58 
641 0 

"3020 
3740 
3370 
31 80 

*293Q 
4280 
3890 

*284 
3450 
5830 
2970 

*2620 
3080 
3550 
4250 

* 2640 
3890 

*2580 
*2750 
3090 
5290 
271 0 
2790 

*2370 
3250 
3540 

*2600 
3850 

*Check shape for compliance with Equation (N7-1) or (N7-2), Sect. N7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 



Shape 

ksi 

PY 
Kip 

*233 

*2280 
*2430 
2760 
2550 
2450 
4820 
2970 
3230 
3520 

*2100 
*2340 
2730 
2480 
2950 

*2220 
31 80 
421 0 

* 6 930 
*2130 
2490 

*2050 
3290 
2230 
2650 
291 0 
3920 

*193 
2300 

*Check shape for compliance with Equations (N7-1) or (N7-2), Sect. N7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 
loading. 



Shape 

- 
rx 
- 

In. 

15.3 
10.7 
8.61 

12.8 
6.98 

14.5 
9.63 

13.7 
11.7 

10.6 
12.7 
6.88 
6.41 

14. 
9.54 

14.3 
11.6 
13.5 
10.5 
8.44 
6.79 
6.29 
9.47 

13.4 
11.5 
10.5 

I 
12.4 
8.35 
6.71 
6.16 
9.40 

10.4 

In. - 
2. 
3.1 1 
2.91 
3.46 
4.24 
2.53 
3.09 
2.50 
3.29 

2.5 
2.8 
3.08 
3.43 
4.20 
3.47 

2. 
3.05 
2.47 
3.26 
2.47 
3.07 
2.85 
4.17 
3.42 
3.02 

3.04 

2.28 
2.82 
4.13 
3.38 
3.00 
3.05 

F, = 36 ksi 

PY 

Kip 

*I77 
2420 
3000 

*2020 
3640 

* 1800 
2620 

*I780 
2050 

* I 6  
27 
21 90 

* 1830 
3290 
3560 

* 1 
2350 * 1 590 
1880 

*I610 
2030 
2480 
3000 
3230 
21 30 

* I 5  
17 
1 860 

* 1570 
2240 
2720 
2950 
1930 
1720 

*Check shape for compliance with Equations (N7-1) or (N7-2), Sect. N7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 



P 

A 
- 

In.' - 

56.4 
38.9 
68.5 
48.8 
74.1 
43.0 

36.5 
51.3 
37.8 
62.0 
67.7 

34. 
43. 
38.5 
46.3 
56.8 
61.8 

6.7 
33.5 
38.8 
34.4 
42.1 
51.8 

.1 
55.8 
35.9 
30.0 
38.2 
30.6 
46.7 

Shape 

In. 

11.4 
8.28 
12.2 
6.63 
9.36 
6.06 
10.3 

12.1 
8.20 
11.2 
6.55 
5.97 

12. 
9.17 
10.2 
8.12 
6.50 
5.89 

111.0 
11.0 
9.12 
10.1 
8.09 
6.43 

11.7 
5.82 
9.09 

11 .o 
8.03 
10.1 
6.38 

In. - 
2.39 
3.21 
2.79 
2.25 
4.10 
2.98 
3.34 
3.01 

2.32 
2.23 
2.76 
2.21 
4.07 
3.31 

2.1 
2.9 
2.97 
2.74 
4.05 
3.28 

2.15 
2.18 
2.93 
2.94 
2.72 
4.02 

2.1 
3.25 
2.92 
2.15 
2.70 
2.91 
4.00 

F, = 36 ksi 

PY 

Kip 

*13 
*15 
2030 
*I400 
2470 
1760 
2670 
1550 

*I250 
*I310 
1850 * 1360 
2230 
2440 

*I23 
156 
1390 
1670 
2040 
2220 

1400 * 1 240 
1520 
1860 

201 0 
1290 

* 1080 
1380 
*I100 
1680 

hape for compliance with Equations (N7-1) or (N7-2), Sect. N7, AlSC ASD Specifica- 
applicable, when subjected to combined axial force and bending moment at ultimate 



Shape 

- 
'i 
- 

In. 

11.7 
9.96 
9.05 

10.9 
5.74 
7.90 
6.33 
9.87 
9.02 

10.7 
5.66 
6.28 
7.84 

5.58 
6.24 
7.82 

9. 
7. 
8.67 
6.22 
7.77 
5.51 

9.55 
7.05 
8.64 
5.47 
7.73 

.60 

9.23 
7.00 
5.44 
4.66 
7.50 

In. - 
.09 
.99 

2.90 
2.12 
3.22 
2.69 
3.98 
1.98 
2.89 

7 
9 

3.76 
2.66 

3.16 
3.74 
2.65 

1.83 
3.73 
2.63 
3.13 

1.81 
3.1 1 
2.61 

2.47 
3.09 
2.68 
1.70 

F, = 36 ksi 

PY 

Kip 

* 950 
* 1090 

1180 
* 997 

1800 
1260 
1 540 

* 997 
1070 

1400 
1120 

1440 
1270 
1030 

875 
1150 
91 1 

1270 

* 724 
943 

* 774 
1120 
803 

* 720 

81 4 
1020 
1180 
749 

*Check shape for compliance with Equations ( 7-1 ) or (N7-2), Sect. 7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 
loadina. 



Shape 

24 X 

W 14x182 

24x 55 
18x 65 

W 12X 87 
W 46X 67 
W 10x100 
w 2 1 x  57 
W 14X 74 
W 18x 60 
W 12x 79 
W 14x 68 
W l o x  88 

W l 6 x  57 
W 14x 61 

X 

X 

21x 4 
W 16x 50 
W 18X 46 
W 14X 53 
W 12x 58 
W l o x  68 
W 16X 45 

X 

X 

W l o x  60 

X 

W 12X 50 
W 8X 67 
W 14X 43 
W l o x  54 

In. - 

6.05 

.l I 

.49 
5.38 
6.96 
4.60 
8.36 
6.04 
7.47 
5.34 
6.01 
4.54 

7.41 

. I8 
6.72 
5.98 

6 
6.68 
7.25 
5.89 
5.28 
4.44 
6.65 

7.2% 
5.85 
4.39 

6.63 
5.18 
3.72 
5.82 
4.37 

In. - 
1.77 
2.48 

1.34 
1.69 
3.07 
2.46 
2.65 
1.35 
2.48 
1.69 
3.05 
2.46 
2.63 

1 .67 

1 .SO 
1.60 
2.45 

1.2 
1.59 
1.29 
1.92 
2.51 
2.59 
1.57 

1.27 
1.91 
2.57 

1.57 
1.96 
2.12 
1.89 
2.56 

F, = 36 ksi 

PY 
Kip 

* 659 
868 

* 583 
688 
922 
709 

1060 * 601 
785 * 634 
835 
720 
932 

605 
644 

* 529 
81 4 

* 468 
529 * 486 
562 
61 2 
720 

* 479 

* 425 
508 
634 

* 425 
529 
709 

* 454 
569 

*Check shape for compliance with Equations (N7-1) or (N7-2), Sect. M7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 
loading. 



Shape 

W 16x36 
W 14x38 
W 8x58 
W 12x40 
W 10x45 

W 8x48 
W 10x39 

W 12x30 

W 8x35 

14x22 
10x26 

W 8x28 

W 8x24 
W 10x19 
W 8x21 

2x1 
W 6x25 
W 10x17 
W 8x18 

F, = 36 ksi 

PY 

Kip 

*371 
475 

*382 
*403 
61 6 
425 
479 

*36 

*328 
371 
508 
41 4 

* 276 
*316 

*277 
42 1 

*275 
31 8 
371 

* 234 
274 

* 233 
297 

234 

* 1 
*2 
255 
202 
222 

*17 
264 
180 
189 

*Check shape for compliance with Equations (N7-1) or ( 7-2), Sect. N7, AlSC ASD Specifica- 
tion, as applicable, when subjected to combined axial force and bending moment at ultimate 
loading. 



Shape 

In. 

r, 
- 
In. 

F, = 36 ksi 

PY 
Kip 

*I 
21 1 
21 2 

*I25 
160 

* d l  

- 
171 
199 
138 
200 
- 
168 

128 

138 

* Checkshape forcompliancewith Equations (N7-1) or (N7-2), Sect. N7, AISCASD Specification, 
as applicable, when subjected to combined axial force and bending moment at ultimate load- 



These two tables for moment of inertia (I, and I,) are provided to facilitate the selec- 
tion of beams and columns on the basis of their stiffness properties with respect to 
the X-X axis or Y-Y axis, as applicable, where 

I, = moment of inertia, X-X axis, in.4 

I, = moment of inertia, Y-Y axis, in.4 
In each table the shapes are listed in groups by descending order of moment of 

and M shapes. The boldface type identifies the shapes that are the 
lightest in weight in each group. 

Enter the column headed I, (or I,) and find a value of Ix (or I,) equal to or 
greater than the moment of inertia required. The shape opposite this value, and all 
shapes above it, have sufficient stiffness capacity. Note that the member selected 
must also be checked for compliance with specification provisions governing its spe- 
cific application. 



Shape Shape 

W 36x182 
27 X 258 
21 X364 
14x605 
24 x 306 
36X 170 
30x21 1 

W 27 X 235 
21 x333 
24 X 279 
14x550 
33x169 
30x191 
36X 150 
27x217 
24 x 250 
21 X300 
14x500 
3OX 173 

W 33x152 
W 27x194 

x 4 
X229 
X 275 
x141 
x 455 

W 27x178 
18x311 
24 X 207 
21 x248 

33x1 
W 30x148 
W 14x426 
W 29x161 

2 4 ~  192 
18x283 

W 14x398 
W 21x223 

Shape 

X I 1  
x13 

W 24x176 
W 27x146 
W 18x258 
W 14x370 
W 30x124 
W 21 x201 
W 24x162 

W 14x342 
W 27x129 
W 21x182 
W 24x146 

W 18x21 1 
W 14x31 1 
W 21x166 
W 27x114 
W 12x336 
W 24x131 

X 

x 1 
W 14x283 
W 24x147 

x 305 
XI17 

W 18x175 
W 14x257 
W 27X 94 

21 ~ 1 3 2  
W 12x279 
W 24x104 
W 18x158 
W 14x233 
W 24x103 
W 21x122 



Shape Shape 



Shape Shape Shape 



'11 Shape 
1n.4 

Shape 



The tables of allowable loads for W, M and S shapes and channels (C, MC), used as 
simple laterally supported steel beams, give the total allowable uniformly distributed 
loads in kips. The tables are based on the allowable stresses specified in F1 of the 
AISC ASD Specification. Separate tables are presented for Fy = 36 ksi and Fy = 50 
ksi. The tabulated loads include the weight of the beam, which should be deducted 
to arrive at the net load the beam will support. 

The tables are also applicable to laterally supported simple beams for concen- 
trated loading conditions. A method to determine the beam load capacity for several 
cases is shown in the discussion on "Use of Tables." 

It is assumed, in all cases, the loads are applied normal to the X-X axis, shown 
in the Tables of Properties of shapes in Part 1 of this Manual, and that the beam de- 
flects vertically in the plane of bending. If the conditions of loading involve forces 
outside of this plane, allowable loads must be determined from the general theory of 
flexure in accordance with the character of the load and its mode of application. 

The allowable bending stress and resultant allowable load capacity of a beam is de- 
pendent upon lateral support of its compression flange in addition to its section 
properties. In these tables, the notation LC is used to denote the maximum unbraced 
length of the compression flange, in feet, for which the allowable loads for compact 
symmetrical shapes are calculated with an allowable stress of 0.66FY. Certain 
noncompact shapes are calculated with a value of allowable stress between 0.60Fy 
and 0.66Fy, as permitted by F1.2, i.e., when 6 5 1 q  < bf/2tf < 95/*. The value 
of LC is equal to the smaller value determined from the expressions 

in accordance with Sect. F1.1. 
The notation L, is the maximum unbraced length of the compression flange, in 

feet, beyond which the allowable bending stress is less than 0.60 F,, in accordance 
with the provisions of F1.3, when Cb = 1.0. For most shapes, the value of L,, in feet, 
is given as 20,0001 [12 (dlAf) FYI as derived from Equation (F1-8). For a few shapes, 
L, is given as -\/102,000/4, x (rT/12) as derived from Equation (F1-6) where this is 
more liberal. 

These tables are not applicable for beams with unbraced lengths greater than 
L,. For such cases, use of the charts of "Allowable Moments in Beams with Un- 
braced Length Greater than L," is recommended. 

For the symmetrical rolled shapes designated , M, and S ,  the allowable bending 
stress and resultant allowable loads are based on the assumption the compression 
flanges of the beams are laterally supported at intervals not greater than LC. When 
the value of LC does not appear, L, is the maximum unbraced length for which the 
loads are valid. 



For compact shapes, the tabulated load is based on an allowable stress of 0.66FY 
(see FP.1 of the AISC ASD Specification). For noncompact shapes, the tabulated 
load is based on an allowable stress of 0.604 or a value between 0.604 and 0.664, 
depending on the flange width-thickness ratio (see F1.2 and F1.3). For noncompact 
shapes, the allowable stress used to compute the tabulated loads is obtained from 
AISC ASD Specification Equation (Fl-3). 

When the unbraced length of a symmetrical member is greater than LC, but less 
than L,, the tabulated load must be reduced by the ratio of 0.604 over the allowable 
stress used to compute its capacity. 

In the case of channels (C and MC) used as beams, the tabulated loads are based 
on an allowable stress of 0.604, in accordance with F1.3, and the assumption that 
the compression flanges are laterally supported at intervals not greater than L,. 

For relatively short spans, the allowable loads for beams and channels may be lim- 
ited by the shearing stress in the web, instead of by the maximum bending stress in 
the flanges. This limit is indicated in the tables by solid horizontal lines. Loads shown 
above these lines will produce the maximum allowable shear in the beam web. 

AISC ASD Specification Sect. K1 includes requirements for beam webs under com- 
pression due to concentrated loads. When the provisions are exceeded, the webs of 
the beams should be reinforced or the length of bearing increased. 

There are two conditions to be considered: 

1. Web yielding - ASD Spec. Sect. K1.3 

Max. end reaction, kips = 0.66F,,tW (N + 2.5k) 

ax. interior load, kips = 0.66GWtw (N  + 5k) 

where N 

t, =thickness of the web, in. 

k =distance from the outer 
face of the flange to web 
toe, in. 

N =length of bearing or 
length of concentrated 
load, in. 

2. Web Crippling - ASD Spec. Sect. K1.4 

When the concentrated load is applied at a distance not less than dl2 from the end 
of the member. 

Load 67.5tw2 [ 1 + 3 (;) - (37 
When the concentrated load is applied at a distance less than dl2 from the end of 
the member. 

where 

d = overall depth of the mem 
tf = flange thickness, in. 



For rolled shapes designated , C and M6, the column at the right of each 
group of nominal depths gives the deflection for the beams of various spans when 
supporting the full tabulated allowable loads. These deflections are based on the 
nominal depth of the beams. The following equation may be used for calculating the 
maximum deflection of any symmetrical, uniformly loaded beam or girder: 

where 

A = deflection, in. 
W = total uniform load, including weight of beam, kips 
1 = span, in. 

For E = 29,000 ksi and specific values of F,, this equation reduces to the expres- 
sions shown in the table below. In this table, L = span, in feet and d = depth of 
beam, in inches. 

Fy = 50 ksi 

The deflections tabulated for , M and S shapes are calculated on the basis of 
0.66Fy, regardless of whether the sections are compact or noncompact. Therefore, 
the tabulated deflections must be reduced to correspond to the lower allowable 
stresses used to calculate the tabulated loads for noncompact shapes, or compact 
shapes with unsupported length between LC and L,. The table that follows lists the 
reduction factors: - 

I REDUCTION FACTORS FOR 

I F. = 36 ksi 6 L., 
I I 

n 
I Lur'. ' I  

I V A  

Unbraced length, Lb 

Fy = 50 ksi Fb* - X A  
33 

*The value of F, is computed from AISC ASD Specification Equation (Fl-3). 

The deflections tabulated for channels are calculated on the basis of 0.608'". 

Compact 

The live load deflection of floor beams supporting plastered ceilings should be 
limited to not more than 11360 of the span length. This limit is not reached for the 
span lengths tabulated when the ratio of live load to dead load is approximately 1.0. 
For additional guidance on deflection criteria, see AISC ASD Specification Com- 
mentary Sect. L3. 

Noncompact 



The loads tabulated for steel of Fy = 36 ksi are based on allowable bending stresses 
of 23.8 ksi for compact shapes and a reduced stress for noncompact shapes based on 
Equation (Fl-3). The beams must be braced adequately and have an axis of symme- 
try in the plane of loading. Loads may be read directly from the table when the dis- 
tance between points of lateral su ort of the compression flange Lb does not exceed 
LC for compact and noncompact , M and S shapes or L, for channels. 

When L, r Lb > LC, the ta lated loads must be reduced as follows: 

1. For a compact shape, multiply load by 21.6123.8. 

2. For a noncompact shape, multiply load by 21.6/Fb (calculated from Equation 
(Fl-3)). 

When Lb > L,, the allowable bending stress is less than 21.6 ksi and the tables 
are not applicable. Use of the charts of "Allowable Moments in Beams with Un- 
braced Length Greater than L," is recommended. 

eel of Fy = 50 ksi are based on allowable bending stresses 
of 33 ksi for compact shapes and a reduced stress for noncompact shapes based on 
Equation (Fl-3). The beams must be braced adequately and have an axis of symme- 
try in the plane of loading. Loads may be read directly from the table when the dis- 
tance between points of lateral support Lb does not exceed LC for compact and 

act W, M and S shapes or L, for channels. 
n L, 2 L, > LC, the tabulated loads must be reduced as follows: 

1. For a compact shape, multiply load by 30133. 

2. For a noncompact shape, multiply load by 30/Fb (calculated from Equation 
(Fl-3)). 

When Lb > L,, the allowable bending stress is less than 30 ksi and the tables are 
not applicable. Use of the charts of "Allowable Moments in Beams with Unbraced 
Length Greater then L," is recommended. 

The load tables are also applicable to laterally supported simple beams with equal 
concentrated loads spaced as shown in the Table of Concentrated Load Equivalents, 
p. 2-295. Except for short spans where shear controls the design, the beam load ta- 
bles may be entered with an equivalent uniform load, equivalent in effect to the sum 
of the concentrated loads on the beam. Loads which will produce the maximum al- 
lowable shear in the beam web are shown in the load tables above the heavy horizon- 
tal lines. Deflections listed in t e load tables must be multiplied by the proper deflec- 

cient to determine the concentrated load deflection. 



Given: 

16 x 45 beam of Fy = 36 ksi steel spans 20 ft and is braced at 5-ft intervals. Deter- 
mine the uniform load capacity, end reaction and required bearing length. 

Solution: 

Enter the Allowable Uniform Load Table for F, = 36 ksi and note: 

R1 = 25.6 kips 
R, = 8.2 kipslin. 
R3 = 31.1 kips 
R4 = 2.76 kipslin. 

1. Total allowable uniform load = 58 kips 

2. End reaction = 5812 = 29 kips 

3. Bearing length for web yielding 
N = (29 - 25.6118.2 = 0.4 in. 

earing length for web crippling 
N = (29 - 31.1)/2.76 = -0.8 in. 
The maximum of N = 0.4 in. governs. From a practical point of view, the bearing 
length would be longer. 

Given: 

A W 1 0 ~ 4 5  beam of Fy = 36 ksi steel spans 6 ft. Determine the uniform load capac- 
ity, end reaction and required bearing length. 

Solution: 

Enter the Allowable Uniform Load Table for F,, = 36 ksi and note: 

R1 = 26.0 kips 
R2 = 8.32 kipslin. 
R, = 33.3 kips 
R4 = 4.19 kipslin. 

1. The beam is above the heavy solid line in the Allowable Uniform Load Table 
therefore, span is less than L,. The total allowable uniform load W is limited bj  
shear in the web. 

W = 2V = 2 x 51 = 102 kips 

2. End reaction = V = 51 kips 

3. Bearing length for web yielding 
N = (51 - 26.0118.32 = 3.00 in. 
Bearing length for web crippling 
N = (51 -33.3114.19 = 4.22 in. 

Use 4%-in. seat 



Given: 

Using Fy = 36 ksi steel, select an 18-in. deep beam to span 30 ft and support three 
equal concentrated loads of 20 kips located at the quarter points of span. Assume 
bracing at concentrated load points. 

Solution: 

Refer to the Table of Concentrated Load Equivalents and note that for a simple 
span: 
Equivalent uniform load = 4.0 P 
Deflection coefficient = 0.95 

1. Equivalent uniform load = 4.0 x 20 = 80 kips 
2. Enter beam load tables for 18 and 30-ft span length. 

Select W 1 8 ~ 8 6  with allowable load = 88 kips 
3. Check deflection: 

From load table, uniform load deflection = 1.23 in. 
Concentrated load deflection = 0.95 x 1.23 x 80188 = 1.06 in. 

If the beam depth is not restricted, a shape with less weight can usually be se- 
lected by scanning the load tables for deeper sections. For example; W21~73,  allow- 
able load = 80 kips; W24x68, allowable load = 81 kips. 

Given: 

Using either Fy = 36 ksi steel or F, = 50 ksi steel, select a 14-in. deep beam to span 
25 ft and support a uniform load of 1 kiplft. 

Solution: 

1. Required Allowable Uniform Load = wL = 1 x 25 = 25 kips 
2. Enter the Allowable Uniform Load Table for F, = 36 ksi and allowable load = 

25 kips 
: allowable load = 27 kips 

3. Enter the Allowable Uniform Load Table for Fy = 50 ksiand allowable load = 
25 kips 

2: allowable load = 26 kips 



1. LC = Maximum unbraced length of compression flange, at which the allowable 
bending stress may be taken as 0.664 or as determined by AISC ASD Specifica- 
tion Equation (Fl-3), when applicable, ft 

2. L, = Maximum unbraced length of compression flange, at which the allowable 
bending stress may be taken as 0.605,  ft 

3. L, = Unbraced length of compression flange, ft 
4. S = Section modulus, h3 
5. Formulas for reaction values: 

Values of V, R, R,, R,, Rg and R4 used for connection design and design checks 
are included at the bottom of the tables for each shape. These symbols and corre- 
sponding equations are defined in the table below (see AISC ASD Specification 
Sect. Kl): 

R, = Constant for crippling, kips I 204f,',~t:.~ I 24Qtd.5t:,5 
- - 

R4 = Constant for crippling, kipslin. I 61 2tw3/tf d 1 721 tw3/tf d 

6. Load above the heavy line in the load column is limited by maximum allowablr 
web shear. 

7. Allowable uniform loads are given for span lengths up to the smaller of Lld = 3( 
or 72 ft . 



For beams laterally unsupported, see page 2-1 46 

Designation 
Wt./ft 

Flanae Width 

286 
277 
269 
26 1 
253 
246 
Proper 

Sx in.3 
V kips 
R, kips 
R, kipslin. 
R, kios 
R: kipslin. 8.46 
R kips 249 

12.5 

19.8 

1090 
1040 
973 
91 6 
865 
820 
779 
74 1 
708 
677 
649 
623 
599 
577 
556 
537 
51 9 
502 
487 
472 
458 
445 
433 
41 0 
389 
371 
354 
338 
324 
31 1 
299 
288 
278 
268 
260 
251 
243 
236 
229 
222 
21 6 

1s and Reac 

12.5 

17.9 

979 
939 
880 
828 
782 
74 1 
704 
67 1 
640 
61 2 
587 
563 
542 
522 
503 
486 
469 
454 
440 
427 
41 4 
402 
39 1 
371 
352 
335 
320 
306 
293 
282 
27 1 
26 1 
25 1 
243 
235 
227 
220 
21 3 
207 
20 1 
196 

In Values 

1981 Deflection 

18.7 

4.83 4.18 
see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



Prooerties and Reaction Values 
S, in.3 1340 1220 1090 983 858 708 
V kips 524 474 425 399 395 391 For 
R, kips 169 148 125 1 1 1  103 94.9 explanation 
R2 kipslin. 21.6 19.7 17.8 16.9 16.9 16.9 ofdeflection, 
R3 kips 233 194 158 137 126 1 1 1  ,,, page 2-32 
R., kipslin. 6.66 5.60 4.63 4.45 5.32 6.91 
R kips 245 214 174 153 145 135 

Load above heavy line is limited by maximum allowable web shear. 



Deflection 
In. 



llowable unifo 
or beams late 

For beams laterally unsupported, see page 2-146 

Desionation 
Wt./ft 

Flange Width 
Deflection 

In. 

Reaction Values 



Designation 
Wt./ft 

Flanae Width 

For beams laterally unsupported, see page 2-146 

Deflection 
In. 

Properties and Reaction Values 

Sx im3 3170 2980 2690 2420 2180 1950 1790 1620 
V kips 1540 1440 1280 1150 1030 909 837 749 For 
&kips 851 769 651 549 465 389 340 288 explanation 
R,kipslin. 59.9 56.5 51.4 46.8 42.5 38.3 35.6 32.3 ofdeflection, 
R, kips 1740 1550 1280 1060 878 711 614 505 page 2-32 
R,kips/in. 50.9 45.8 38.7 32.7 27.3 22.4 19.9 16.5 
R kips 1060 967 831 713 614 523 465 401 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

merties and F 

6 - 
280 - 
16% - 
17.5 - 
33.1 - 

93 1 - 
906 
859 
81 6 
777 
742 
709 
680 
653 
628 
604 
583 
563 
544 
526 
51 0 
494 
480 
453 
429 
408 
388 
37 1 
355 
340 
326 
31 4 
302 
291 
281 
272 
263 
255 
247 
240 
233 
227 

- 
action 

&in? 1450 1320 1210 1110 1030 
V kips 1 664 1 603 1 5 1 500 I 465 
R, kips 240 208 182 158 141 
R2 kipslin. 29.0 26.6 24.2 22.5 21.0 
6 kips 408 343 286 243 213 
R., kipslin. 13.4 11.4 9.47 8.37 7.4C 
R kips 342 301 267 237 215 

Deflection 
In. 

837 1 
393 For 1 explanation 

of deflection, 

5.94 
see page 2-3: 

I Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flanae Width Deflection 
In. 

. . -  r -  ~ - -  - 

Sx in,3 895 809 719 664 
V kios 517 465 439 402 
R, kibi i50  129 114 99.4 
R, kipslin. 22.8 20.7 19.7 18.2 
R, kips 252 207 180 153 
R, kipslin. 8.36 6.92 7.01 5.9t 
R kios 230 201 183 163 

Load above heavv line is limited by maximum allowable web shear. 



Deflection 
In. 



Deflection 
In. 

)perties and Reaction Values 

010 917 829 757 684 
482 433 409 379 347 For 1 id!. 1 :1.7 ( , f :: 1 3 . 8  

1 TiEii:, 
8.98 7.43 7.31 6.59 5.78 

see page 2-32 

226 195 177 159 142 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsuppo~ed,  s e e  page 2-146 

Designation 
Wt./ft 

Flange Width 

L C  

W 33 
141 
11% 
12.2 

15.4 

580 - 
546 
507 
473 
444 
417 
394 
373 
355 
338 
323 
309 
296 
284 
273 
263 
253 
245 
237 
229 
222 
21 5 
209 
197 
187 
177 
169 
161 
154 
148 
142 
136 
131 
127 
122 
118 
114 
1 1  1 
lo8 
104 
101 
99 

Reactic 

Deflection 
In. 

Load above heavy line is limited by maximum allowable web shear. 

AMEIUCAN INSTITUTE OF STEEL CONSTRUCTION 



For beams laterally unsupp 

~esignstion 
Wt./ft 

Flanae Width 

1 Proper 

- 
477 - 
15% - 
16.7 
P 

63.4 - 

1610 - 
1520 
1430 
1350 
1280 
1210 
1150 
1100 
1050 
1010 
969 
932 
898 
866 
836 
808 
782 
757 
734 
71 3 
692 
673 
655 
638 
606 
577 
55 1 
527 
505 
485 
466 
449 
433 
41 8 
404 
39 1 
379 
367 
356 
346 
337 - 

s and - 
1530 
803 
363 
38.7 
729 
26.3 
498 

Deflection 
In. 

For 
explanation 

of deflection, 
;ee page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

Desianation 

Deflection 
In. Flange Width 

L C  

Properties and Reaction Va 

Sx im3 
V kips 
R, kips 
R, kipslin. 
R, kips 
& kipslin. 

Y:; 1 1 e x p E t i o n  
of deflection, 

see page 2-32 
6.02 5.30 

1 

Load above heavy line is limited by maximum allowable web shear. 



Designation 
Wt./ft 

Flanae Width 
90 Deflection 

Prooerl s and - 
155 
!54 
58.6 
13.9 
88.0 
4.37 
03 

saction Values 
S. in.= 
V kips 
R, kips 
R, kipslin. 
R3 kips 
R, kloslin. 

129 299 269 245 
!44 234 222 200 For 
54.5 50.6 44.4 36.6 explanation 
13.4 12.9 12.4 11.2 of deflection, 
79.9 71.6 62.6 51.3 see page 2-32 
4.33 4.37 4.33 3.53 

Load above heavy line is limited by maximum allowable 



For beams laterally unsupported, see page 2-146 

55.4 - 

1200 
1120 
1050 
988 
933 
884 
840 
800 
763 
730 
700 
672 
646 
622 
600 
579 
560 
542 
525 
509 
494 
480 
466 
442 
420 
400 
382 
365 
350 
336 
323 
31 1 
300 
289 
280 
271 
262 
254 

- 
actior 

Deflection 
In. 

Load above heavv line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flange Width 

- 
21 7 - 
14% - 
14.9 - 
34.5 - 

680 v 

659 
61 8 
58 1 
549 
520 
494 
471 
449 
430 
41 2 
395 
380 
366 
353 
341 
329 
31 9 
309 
300 
291 
282 
275 
260 
247 
235 
225 
21 5 
206 
198 
190 
183 
177 
170 
165 
159 
154 
150 

- 
s and 

Deflection 
In. 



For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flange Width 

L C  

Sx in.3 
V kips 
R, kips 65.7 55.0 47.8 
R, kipslin. 14.5 13.5 12.2 
R, kips 84.7 68.7 
R, kipstin. 4.57 4.47 3.72 
R kips 

Deflection 
In. 

For 
explanation 

of deflection, 
see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



Designation 

Flanae Width 

1230 
1170 
1080 
1010 
947 
892 
842 
798 
758 
722 
689 
659 
632 
606 
583 
561 
541 
523 
505 
489 
474 
459 
446 
433 
42 1 
399 
379 
361 
345 
330 
31 6 
303 
292 
28 1 
271 
26 1 
253 

- 
s anc 

Sx in? 1290 1170 1060 957 864 789 718 644 
758 678 613 547 492 446 394 ' kips 1 :: 1 437 1 368 1316 1266 1229 1198 I166 1 R, kips 

R, ki~slin. 46.8 43.0 39.2 36.1 32.8 29.9 27.6 24.7 
1 e x p t "  

22.8 of deflection, 

12.0 
see page 2-32 R; kibs 11060 1 898 1 748 1630 1521 1436 1368 1297 1 

R: kipslin. 44.6 38.2 32.2 28.2 23.6 19.8 17.1 13.8 
R kips 669 588 505 442 381 334 295 252 

Load above heavy line is limited by maximum allowable web shear. 



Desianation 

For beams laterally unsupported, see page 2-146 

Deflection 
In. Flange Width 

L C  

329 291 258 
213 192 173 For 
62.9 53.1 44.6 explanation 
14.4 13.1 11.9 of deflection, 
94.1 76.7 62.5 see page 2-3: 
5.77 4.94 4.24 

113 94.0 77.0 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see Daae 2-146 

Designation - 
94 - 
9% - 
9.60 - 
15.1 - 

361 - 
352 
320 

293 
270 
251 
234 
220 
207 

195 
185 
176 
167 
160 
153 

147 
141 
135 
130 
126 
121 

117 
110 
103 
98 
93 
88 

84 
80 
76 
73 
70 
68 

65 
63 
64 
59 

'roper 

- 
76 - 
9 - 

9.50 - 
11.8 - 

303 - 
279 
253 

232 
21 4 
199 
186 
174 
1 64 

155 
147 
139 
133 
127 
121 

116 
112 
lo7 
103 
100 
96 

93 
87 
82 
77 
73 
70 

66 
63 
61 
58 
56 
54 

52 
50 
48 
46 - 

eactic - 
76 
52 
37.6 
10.5 
49.1 
3.21 
60 

Deflection 
In. 

G s  and Values 

v kips 194 180 163 
R, kips 57.2 49.7 43.6 
R, kipstin. 13.1 12.2 11.2 
R3 k j p ~  82.4 70.5 57.7 
R kl~stin. 4.24 3.93 3.42 
R- kibs 1 97 1 84 1 70 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

Properties and Reaction Values 
692 1 632 1 569 1 510 461 

336 302 For 
Sx in.3 937 846 769 
Vkips 648 583 526 466 424 376 : 
R+ kios 1 398 1 342 1 293 1 245 / 217 1 180 1 152 1 128 1 exolanation 
R; kipslin. 
R3 kips 
R,kips/in. 
R kips 

41.1 
821 
38.9 
542 

37.8 
690 
33.9 
474 

34.7 
583 
29.1 
414 

31.4 
477 
24.1 
355 

29.0 
407 
21.0 
319 

26.1 
332 
17.2 
271 

23.8 
273 
14.6 
235 

21.6 
226 
12.3 
204 

r.--- 

of deflection, 
page 2-3 



For beams laterally unsupported, see page 2-1 46 

Designation 
Wt./ft 

Flanae Width 

s and 

Deflection 
In. 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

m lesignation 
Wt./ft 

ange Width 

6 ,  

Deflection 
In. 

127 111 94.5 81.6 
121 123 114 104 For 
32.7 33.1 29.6 24.7 explanation 
9.50 9.62 9.03 8.32 of deflection, 

40.5 42.4 35.0 28.3 see page 2-32 
3.03 2.97 3.01 2.82 

Load above heavy line is limited by maximum allowable web shear. 



for 
For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flange Width 

L C  

Deflection 
In. 

L" - 

- 
(I) 
(I) 

LL 
K .- 
K m 
6 

Propertic 

564 1514 

s and Reaction Values 

466 1419 1380 1344 1310 1 
352 316 281 257 230 For 
189 161 139 119 102 explanation 
27.6 25.2 22.8 21.1 19.2 of deflection, 
370 308 254 216 178 see page 2-32 
21.5 18.5 15.2 13.5 11.5 
286 249 219 193 169 

Load above heavy line is limited by maximum allowable web shear. 



ort 
For beams laterally unsupported, see page 2-146 

11.9 - 
29.1 - 
358 - 
333 
305 
28 1 
261 
244 
229 
21 5 
203 
193 
183 
174 
166 
159 
152 
146 
141 
136 
131 
126 
122 
118 
114 
11 1 
108 
102 
96 
91 
87 
83 

- 
!s and 

I 
eaction Values 

Deflection 
In. 

% 1:; 1:; 1;: 1 F O ~  
56.9 49.7 41.0 34.7 explanation 
14.0 12.7 11.4 10.1 of deflection, 
89.6 74.5 59.5 46.6 see page 2-3; 
7.14 5.79 4.78 3.79 

lo6 



Designation 
Wt./ft 

- 
60 - 
7% - 
8.00 - 
13.3 - 

21 8 - 
21 4 
190 
171 
156 
143 
132 
122 
114 
107 
101 
95 
90 
86 
81 
78 
71 
66 
61 
57 
53 
50 
48 
45 
43 
41 
39 

- 
'roper 

Deflection 
In. Flanae Width 7% - 

7.90 - 
12.1 - 

203 - 
195 
173 
156 
142 
130 
4 20 
4 11 
104 
97 
92 
87 
82 
78 
74 
71 
65 
60 
56 
52 
49 
46 
43 
41 
39 
37 
35 

- 
!s and - 
98.3 

102 
30.4 
9.27 

39.4 
3.18 

51 - 

saction Values 
88.9 78.8 68.4 57.6 
92 94 81 76 For 

Load above heawy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

Designation 
- - 

Wt./ft 
Flanae Width 

Deflection 
In. 

2 
8s and Reaction Values Propel 

S, in.3 175 
V kios 1 143 i: 1 ' ;  1 For 

38.9 32.3 explanation 
10.8 9.39 of deflection, 
54.6 41.3 see page 2-32 
4.59 3.47 

R, kips 
R, kipslin. 
R3 kips 
R, kipshn. 
R kios 

Load above heavy line is limited allowable web shear. 



!s and 

-- 
-- 
-- 
-- 

- - 

@action Values 

Deflection 
In. 

Load above heavy line is limited by m imurn allowable web shear. 



Deflection 
In. 

For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flange Width 

Properties and Rea 

S, in.3 -- R, V kips kips 

R, kipslin. 25.4 23.3 21.1 
R3 kips 296 247 206 
R., kipslin. 27.2 23.5 19.4 
R kips 240 213 

:tion Values 
281 254 232 
182 161 145 For 

explanation 
of deflection, 

see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

Designation 
Wt./ft 

Flange Width 
L, 

Deflection 
In. 

21 0 - 
195 
177 
162 
150 
139 

130 
122 
115 
108 
103 
97 

93 
89 
85 
81 
78 
75 

72 
70 
67 
65 
63 
61 

59 
57 

- 
on Val 

L 
Prooerties and Res 

Sx 
V kips 
R, kips 
R, kipslin. 
R3 kips 
R, kipslin. 
R kios 

For 
explanation 

of deflection, 
see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-1 46 

TI- 
Deflection 

In. 

126 - 
124 
108 
96 
86 

79 
72 
67 
62 
58 
54 
51 
48 
46 
43 
41 
39 
38 
36 
35 
33 
32 
31 

29 
27 
25 

- 
3s and 

I Load above heavy line is limited by maximum allowable web shear. 



Deflection 
In. 

qeaction Values 
07 1 97.4 1 87.9 1 1  78.0 1 70.6 1 ;; II;; I For 
40.1 35.1 30.4 29.4 25.6 explanation 
11.2 10.2 9.27 8.55 8.20 of deflection, 
56.4 47.1 38.6 35.3 31.3 2-32 
6.98 5.93 4.95 3.66 3.62 



For beams laterally unsupported, see page 2-146 

Designation 
Wt.ift 

lange Width 

L C  

Deflection 
In. 

s and Reaction Val 1 :80 1 r 7  1 e x p ~ ~ ~ t i o n  
5.58 5.23 4.75 of deflection, 
13.7 10.8 8.65 see page 2-32 
1.87 2.05 1.83 

Load above heavy line is limited by maximum allowable web shear. 



10 AMS 

For beams laterally unsupported, see page 2-1 46 

Deflection 
In. 

Propertic s and Reaction Values 

66.7 
62 
32.7 
9.98 
45.8 
6.52 

6 - 

Sx im3 
V kips 
R, kips 
R2 kipslin. 
R, kips 
R, kipslin. 
R kips 

54.6 
49 For 
24.0 explanation 
8.08 of deflection, 
30.3 see page 2-3: 
4.30 
45 

Load above heavy line is limited by maximum allowable web shear. 
ace exceed maximum web shear V. 



For beams laterally unsupported, see page 2-146 

lesignation 
Wt./ft 

lange Width 
Deflection 

In. 

Properties and Reaction Values 

S x h 3  49.1 42.1 35.0 32.4 27.9 23.2 18.8 16.2 13.8 10.9 
Vkips 51 45 41 45 39 35 37 35 33 27 
R, kips 26.0 21.0 18.3 16.7 13.5 10.7 12.1 10.7 9.39 7.05 
R,kipslin. 8.32 7.48 6.89 7.13 6.18 5.70 5.94 5.70 5.46 4.51 
&kips 33.3 26.3 21.0 23.9 17.9 14.4 16.0 13.8 11.7 7.74 
R,kipslin. 4.19 3.64 3.53 3.09 2.37 2.31 2.36 2.54 2.76 2.03 
Rkips 48 39 33 35 26 22 24 23 21 15 

Load above heavy line is limited by maximum allowable web shear. 

For 
explanation 

of deflection, 
see page 2-32 



For beams laterally unsupported, see page 2-146 

Desianation 

merties and Rea 

Deflection 
In. Flange Width 

L C  

I 
ion Values 



For beams laterally unsupported, see page 2-146 

Desionation 
Wt./ft 

Flange Width 

L C  

Deflection 
In. 

.01 

.03 

.05 

.08 

.ll 

.15 

20 
25 
.31 
.37 
.44 
.52 

.60 

.69 

.79 

.89 
1 .00 
1.1 1 
1.23 

For 
explanation 

of deflection, 
see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 
face exceed maximum web shear V. 



1 F, = 36 ksi 

For beams laterally unsupported, see page 2-146 

Deflection 
In. 

.02 

.06 

.10 

.15 

.22 

.30 

.39 
5 0  
6 1  

lesignation 
Wt./ft 

ange Width 

L C  

Deflection 
In. 

Deflection 
In. 

'ropeflies and Reaction Values 
7.31 1 5.561 1110.2 1 8.51 

For 
explanation 
of deflectior 

see 
page 2-32 

!O 14 For 20 
8.54 5.68 explanation 13.0 
5.46 4.04 of deflection, 6.42 
1.9 6.63 see 18.8 

For 
explanation 

of deflection, 
see 

4.41 2.37 page 2-32 5.44 4.69 page 2-32 
!7 15 35 31 

'Indicates noncompact shape. 
Load above heavy line is limited by maximum allowable web shear. 

ce exceed maximum web shear V. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Desianation 

Flange Width 

L C  

For beams laterally unsupported, see page 2-146 

Sx 
V kips 
Rl kips 
R, kipslin. 
R, kips 10.6 
R, kipslin. 1.61 
R kips 

Deflection 
In. 

.02 

.03 

.04 

.06 

.09 

.ll 

.14 

.18 

.21 

.25 
30 
.34 

.40 

.45 
5 1  
57 
.63 
.70 

,851 
1.01 
1.19 
4.38 
1.58 
1.80 
2.03 

Properties a 

For 
explanation 
of deflection, 

see page 2-32 

Reaction I 

Deflection 
In. 

Load above heavy line is limited by maximum allowable web shear. 

For 
explanation 
of deflection, 

see page 2-32 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

lesignation 
Wt./ft 

lanse Width 
Deflection 

In. 
Deflection 

In. 

.004 

.02 

.04 

.07 

.10 

.15 

.20 

.26 

.33 

.41 

.50 

.59 

69 
.80 

Deflection 
In. 

Properties and Reaction Values 

3.38 explanation 4.01 explanation 2.96 explanation 16.4 
3.09 of deflection, 3.21 of deflection, 2.71 of deflection, 7.51 
3.98 see 4.40 see 3.25 see 23.4 
.778 page 2-32 1.00 page 2-32 .884 page 2-32 9.28 

For 
explanation 
of deflection 

see 
page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



supported, see page 2-146 For beams laterally un! - 
eflectior 

In. 

- 
sign 
wt. - 

lation - 
If t - 
Width - 
- 

eflection 
In. 

7.60 

For 
explanatio 

of deflectic 
see 

page 2-31 

Load above heavy line is limited by maximum allowable web shear. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Designation 
Wt./ft 

'lange Width 
L C  

R, kips 
R, kipslin. 
R, kips 

R k i ~ s  

For beams laterally unsupported, see page 2-146 

Prooerties and I 

explanation 44.9 33.6 
of deflection, 13.1 9.77 

see 65.6 42.4 
page 2-32 10.9 4.55 

91 58 

laction Values 

Deflection 
In. 

.02 

.03 

.05 

.07 

.10 

.13 

.17 

.20 

.25 

.29 

.35 

.40 

.46 

.52 

.59 

.66 

.74 

.82 

.90 

.99 
1.08 
1.18 
1.28 
1.38 
1.49 
1.61 
1.72 
1.84 

For 
explanatjon 

of deflection 
see 

page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-146 

eflectior 
In. 

.01 

.02 

.04 

.06 

.09 

.12 

.16 

.20 

.25 

.30 

.35 

.42 

.48 

.55 

.63 

.71 

.80 

.98 
1.19 
1.42 

eflectior 
In. 

.01 

.03 

.05 

.08 

. l l  

.15 

.20 

.25 

.31 

.37 

.44 

.52 

.60 

.69 

.79 

.89 
1 .oo 
1.23 

- D 

- 

es and Read 

eflectior 
In. 

eflectio 
In. 

Load above heavy line is limited by maximum allowable web shear. 
Values of R in bold face exceed maximum web shear V. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Designation 
Wt./ft 

:lanae Width 

Ilo 
or 

For beams laterally unsupported, see page 2-146 

Pro~erties anc 

Deflection 

.02 

.06 10 

.10 

.15 

.22 

.30 

.39 

.50 

.61 

n Values 

Deflection 
In. 

Sx in.3 6.09 4.92 3.39 3.04 1.95 1.68 
V kips 36 15 For 19 11 For 15 7 For 
R,kips 23.8 10.3 explanation 14.5 8.60 explanation 14.3 6.94 explanation 
R2 kipslin. 11.7 5.08 of deflection, 7.75 4.59 of deflection, 8.29 4.04 of deflection, 
R3 k!Ps 40.4 see page 2-32 :::; 9.36 see page 2-32 ;;:; ;:;; see page 2-32 R, k~pslin. 45.3 3.68 3.75 
R kips 65 24 42 22 43 21 

Load above heavy line is limited by maximum allowable web shear. 
old face exceed maximum web shear V. 



For beams laterally unsupported, see page 2-146 

Designation 
Wt.1ft 

:lange Width 
Deflection 

In. 

,005 
.01 
.02 
.03 
.04 
.06 

.08 

.10 

.12 

.15 

.18 

.21 

.24 

.28 

.32 

.36 

.40 

.45 

.50 

.55 
60  
.66 
.71 
.78 

.84 

.97 
1.42 
1.27 
1.43 
1.61 

1.79 
1.98 
2.19 
2.40 

Deflection 
In. 

.01 

.01 

.02 

.04 

.05 

.07 

.10 

.12 

.15 

.18 

.21 

.25 

.29 

.33 

.38 

.43 

.48 

.54 

.60 

.66 

.72 

.79 

.86 

.93 
1.01 
1.17 
1.34 
1.52 
1.72 
1.93 

Properties and Reaction Values 

S, in? 75.1 69.7 64.3 61.6 53.8 46.5 42.0 
V kips 181 156 130 117 For 155 112 86 For 
R, kips 57.2 49.0 40.8 36.8 explanation 61 . I  44.4 34.2 explanatio~ 
R2 kipslin. 16.6 14.3 11.9 10.7 of deflection, 17.0 12.4 9.50 of deflectior 
R, kips 94.5 75.0 57.0 48.7 see 99.6 61.7 41.6 see 
R, kipslin. 18.7 11.8 

8y.80 6i.96 page 2-32 
23.0 8.83 4.02 pg, 2-32 R kips 115 99 121 88 56 

Load above heavy line is limited by maximum allowable web shear. 



Designation 
Wt./ft 

Flanae Width 

For beams laterally unsupported, see page 2-146 

operties an 

S, in? 
V kips 
R, kips 
t?, kipslin. 
R, kips 47.6 
R, kipslin. 37.6 6.89 
R kips 

Deflection 
In. 

For 
explanation 
of deflection, 

see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 



For beams laterally unsupported, see page 2-1 46 

Deflection 
In. - 

- 
- 

Pro~erties and R 

33.8 9.23 
64 33 For 
28.8 7.76 explanation 
8.79 4.51 of deflection, 
38.4 9.39 see page 2-32 
3.69 1.13 





Designation 

WtJt 

Flange Width 

Properties and Reaction Values 

Sx in.3 43.5 11.3 10.6 19.6 
V kips 58 37 30 58 
R, kips 24.9 15.9 13.0 31.9 
R, kipslin. 10.6 6.77 5.54 10.7 
17, kios 39.3 19.9 14.7 45.7 - -., - - r -  

R, kipslin. 
R kips 1 

Deflection 
In. 

For 
explanation 
of deflection 

see page 2-32 

Load above heavy line is limited by maximum allowable web shear. 
face exceed maximum web shear. 



Designation 
Wt./ft 

:lange Width 

For beams laterally unsuppo~ed, see pa 

R: kibs 1 43.3 1 21.2 

Load above heavy line is limited by maximum allowable web shear. 
exceed maximum web shear. 

Deflection 
In. 

For 
explanation 

of deflection, 
see page 2-32 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

.003 

.01 

.03 

.05 

.08 

.1 1 

.16 

.20 

.26 

.32 

.39 

.46 

.54 

.62 

.72 

.82 



6 

Designation 
Wt./ft 

:lange Width 

For beams laterally unsupported, see page 2-146 

Properties an( 

S. in.3 5.80 5.06 4.38 9.91 
V ki~s 38 27 17 33 
R, kips 21.1 15.2 9.65 23.9 
R, kipslin. 10.4 7.46 4.75 9.01 

2 :%n. 1 ::: 1 2i:& 1 ';:$8 11 7;:; 

Deflection 
In. 

3eaction Values 

Load above heavy line is limited by maximum allowable web shear. 
ce exceed maximum web shear. 



For beams laterally unsupported, see pi 

Deflection 
In. 

Deflection 
In. 

Deflection 
In. lange Width 

,004 
.02 
.04 
.07 
. l l  
.16 
.22 
.29 
.36 
.45 
.54 
.64 

Prop erties e I Reaction Values 

1.93 1 Sx in3 
V kips 
R, kips 
R2 kipslin. 
R3 kips 
R4 kipslin. 
R kips 

For 1:; 
explanation 13.1 
of deflection, 7.63 

see 20.2 
page 2-32 40 

For 
explanatior 
of deflectior 

see 
page 2-32 

Load above heavy line is limited by maximum allowable web shear. 
old face exceed maximum web shear. 



For beams laterally unsupported, see page 2-146 

1 1 3 ~  

Properties and R ~ction Values 

Load above heavy line is limited by m imum allowable web shear. 



For beams laterally unsuppor~ed, see page 2-146 

L 

1 Reaction 

27.4 24.8 23.4 

6.60 5.46 5.25 
251 205 179 



r beams laterally unsupported, see Daae 2-1 46 

I I I 

Pro~erties and Reactio 



For beams laterally unsuppo~ed, ses page 2-146 





n 

For beams laterally unsupported, see page 2-146 

14.9 - 
23.8 - 

1260 
1190 
1130 
1080 
1030 
985 
944 
906 
872 
839 
809 
781 
755 
731 
708 
687 
666 
629 
596 
567 
540 
51 5 
493 
472 
453 
436 
420 
405 
39 1 
378 
365 
354 
343 
333 
324 
31 5 

- 
action 



For beams laterally unsupported, see page 2-146 



- 
51 5 - 
16% - 
14.9 - 
44.4 - 

2470 
2340 
221 0 
21 00 
1990 
1900 
1810 
1730 
1660 
1590 
1530 
1480 
1420 
1370 
1330 
1290 
1240 
1210 
1170 
1140 
1110 
1080 
1050 
996 
948 
905 
866 
830 
796 
766 
737 
71 1 
687 
664 
642 
622 
603 
586 
569 
553 

- 
s and - 
1810 
1230 
51 9 
54.5 

881 
29.0 
71 0 - 

16% - 
14.7 - 
40.7 - 

2110 
1990 
1890 
1790 
1710 
1630 
1560 
1490 
1430 
1380 
1330 
1280 
1240 
1200 
1160 
1120 
1090 
1060 
1030 
996 
969 
944 
897 
854 
81 5 
780 
747 
71 7 
690 
664 
640 
61 8 
598 
578 
560 
543 
527 
51 2 
498 

- 
eactic - 
1630 
1120 
439 
50.2 
743 
25.: 
61 5 - 

I I 
Values 





10.3 
11.1 

806 

704 
657 
61 6 
580 
548 
51 9 
493 
469 
448 
429 
41 1 
394 
379 
365 
352 
340 
329 
31 8 
308 
299 
290 
274 
259 
246 
235 
224 
21 4 
205 
1 97 
190 
183 
176 
170 
1 64 
159 
154 
149 
145 
141 
137 

Reactio 



s end 



1 
merties and Rei action Va 

30.7 27.4 25.6 
277 223 
11.1 8.78 8.25 

294 250 217 



s and 



For beams laterally unsupported, see page 2-146 

actior 





102 
10 
9.00 
10.2 

558 
534 
490 
452 
420 
392 
367 
346 
326 
309 
294 
280 
267 
255 
245 
235 
226 
21 8 
21 0 
203 
196 
189 
184 
1 73 
163 
155 
147 
140 
134 
128 
122 
117 
113 
109 
105 
101 
98 
95 
92 
89 

Reactic 
267 
279 
66.4 
17.0 
80.9 
4.38 
96 



For beams laterally unsupported, see page 2-146 

W 74 



- 
- 
- 
- 
- 

- 

- 
~perties and F 

24.8 23.3 

9.00 8.29 
!13 186 

actior - 
171 
22 
01 
21.4 
32 
9.35 
58 - 



BS anc 
1 

teaction Values 



For beams laterally unsupported, see page 2-146 

'action 



Properties and Reactio 



For beams laterally unsupported, see page 2-146 

W 71 - 
- 
- 

- 
- 

I I 

qeaction Values 



For beams laterally unsupported, see page 2-146 

876 - 
838 
768 
709 
658 
61 5 

576 
542 
51 2 
485 
461 
439 

41 9 
401 
384 
369 
355 
341 

329 
31 8 
307 
297 
288 
279 

271 
256 
243 
230 
21 9 
21 0 

- 
actior 





For beams laterally unsuppo6ed, se; page 2-146 

II 
leaction Value! 





Designation 
Wt.ift 

Flange Width 
L C  

For beams laterally unsupported, see page 2-146 

Sx 

Rl kips 48.8 

R, kips 

R kios 



For beams laterally unsupported, see page 2-146 

551 
P 

525 
487 
455 
426 
401 

379 
359 
34 1 
325 
31 0 
297 

284 
273 
262 
253 
244 
235 
227 
220 
21 3 
207 
201 

2s and F 

Deflection 
In. 



For beams laterally unsupported, see page 2-146 



Prooerties and RI eactic 

84 71 
77 65 
71 60 
66 55 
62 52 
58 49 
54 46 
51 43 
49 41 
46 39 
44 37 
42 35 
40 34 
39 32 
37 31 
36 30 
34 29 
33 28 
32 27 
31 26 
30 25 
29 24 
28 24 
27 23 

Values 



For beams laterally unsupported, see page 2-146 

s and eacti 



For beams laterally unsupported, see page 2-146 



For beams laterally unsupported, see page 2-146 

2s and Reaction Values 

85.9 1 75.7 1 66.7 1 60.0 

shear. 



n 
or 

For beams laterally unsupported, see page 2-146 

TI- 

lue 



For beams laterally unsupported, see page 2-146 

7.30 
21.8 

4 36 
119 
1 06 
95 
87 

79 
73 
68 
64 
60 
56 

53 
50 
48 

!s and F 



For beams laterally unsupported, see page 2-146 

Properties and Reaction Values 
20.9 11 18.2 1 15.2 11  11.8 1 9.91 1 7.81 



For beams laterally unsupported, see page 2-146 

3eflection 
In. 

.02 

.05 

.09 

.14 

.20 

.28 

.36 

.46 
57 
.69 
.82 
.96 
1.12 

Reaction 

Deflection 
In. 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

.02 

.04 

.06 

.09 

.12 

.16 

.20 
24 
.30 
.35 
.41 
.48 

.55 

.62 

.70 

.79 

.88 

.98 

1.18 
1.40 
1.65 
1.91 
2.19 
2.50 

2.82 

- 
- 
- 
- 
- 
- 

-L 

Prooerties and Reactio 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

Deflection 
In. 

Deflection 
In. 



- 
nation 
./ft 
Width 

C - 

n 
or 

For beams laterally unsupported, see page 2-146 

1 
Prooerties and Reaction Values 



For beams lateral 

Pro~erties and 

Iported, see page 2-1 46 

II S 12 11 S 12 

eaction Values 



For beams laterall1 nsupported, see p i  
P 

3eflectior 
In. 

Deflection 
In. 

.02 

.04 

.07 

.ll 

.15 

.21 

.27 

.35 

.43 
5 2  
.61 
.72 
.84 
.96 

1.09 
1.23 
1.38 

1.71 

JL 'roperties and Reac 

- 
S 7 

-- 
-- 
I :  -- 
I (  -- 

I - 
I 

I 
I 

I 
I 
t 

i 
! 

) 

1 
? 

- 
i Values 

2-1 46 

Ieflection 
In. 

.02 

.04 

.08 

.12 

.18 

.24 

.31 

.40 

.49 
5 9  
.70 

.82 

.96 
1.10 
1.25 



For beams laterally unsupported, see page 2-146 

Deflection 
In. 

1 explanation 
7.06 of deflection, 

4.34 
see page 2-32 

< 
- 
9.5 - 
2% - 
2.50 - 
6.80 - 
52 - 
37 
25 
19 
15 
12 

1 1  
9.3 
8.3 
7.5 

- 
; and - 
3.39 
!6 
20.2 
10.8 
14.2 
11 .3 

Deflection 
In. 

II 
Values 









For beams laterally unsupported, see page 2-146 

- L 
Pro~erties and Reaction 

- 
25 - 
3% - 
6.50 - 

152 - 
147 
110 
88 
73 

63 
55 
49 
44 
40 
37 
34 
31 
29 
28 
26 
24 

23 
22 
21 
20 
19 
18 

- 
ues 



! Width I 



For beams laterally unsupported, see page 2-146 

Properties and Reaction Values 

9.03 8.14 16.0 15.4 13.6 
48 35 68 60 64 
23.4 17.0 41.8 36.7 37.1 



For beams laterally unsl 

Properties and 

22.7 
3% 
8.60 
141 
136 
91 
68 
54 
45 

39 
34 
30 
27 
25 
23 

21 
19 
18 
17 

taction Va 

13.6 
70 
46.7 
16.6 
60.6 
26.2 

105 



Ilo 
for 

For beams laterally unsupported, see page 2-146 

8.2 - 
1% - 
3.70 - 
48 - 
44 
29 
22 
18 
15 

13 
1 1  
9.7 
8.8 
8.0 
7.3 

6.7 
6.3 

- 
Prof - 
4.38 
24 
43.4 
6.6 
12.6 
2.8 
22 - 

3% - 
9.30 - 

91 - 
66 
50 
40 
33 

28 
25 
22 
20 
18 
17 

15 
14 

- 
ties an 



For beams laterally unsupported, see page 2-146 

Deflection 
In. ~ 
1 ion Values 



When a beam is supported by a masonry wall or pilaster, it is essential that the 
beam reaction be distributed over an area sufficient to keep the average pressure on 
the masonry within allowable limits. In the absence of code provisions, an allowable 
F,, depending on the type of construction, may be selected from AISC ASD Specifi- 
cation Sect. J9. 

The following method of design makes use of the Allowable Uniform Load ta- 
bles and is recommended for bearing plates on concrete supports.* 

R = Reaction of beam, kips 
A = B x N = Area of plate, in.2 
Fb = Allowable bending stress of Anchor as requir 

plate, ksi 
Fp = Allowable bearing pressure on 

support, ksi 
fp = Actual bearing pressure on sup- 

port, ksi 
R, = 1.65kF,,tW = first part of ASD 

Spec. Equation (Kl-3), kips 
R, = 0.66F,,tW = second part of 

ASD Spec. Equation (Kl-3), 
kipdin. 

R3 = 34rw2 @ = first 

ASD Spec. Equation (Kl-5) 
kips 

second part of Spec. Equation 
(K1-5), based on N = 1.0, kips/ t 
in. 

k = Distance from bottom of beam 
to web toe of fillet, in. (from 
Manual Part 1) 

t = Thickness of plate, in. 

Calculate the minimum bearing length N based on local web yielding AISC 
ASD Specification Equation (K1-3) or web crippling Specification Equation (Kl-5). 

*For concrete supports where the bearing plate does not cover the full concrete area, see Exam- 
ple 9. 

Pamanc~w INSTITUTE OF STEEL CONSTRUCTION 



2 - 142 

The equation yielding t e larger N  value controls. y replacing each portion of t 
above Equation with a variable, as defined previously, and solving for N ,  the follow- 
ing equations result: 

local web yielding 

web crippling 

R - R1 N = -  , in. 
R2 

R - R3 N = -  , in. 
R2 

The values for R,, R2, R3 and R4 are tabulated in the Allowable Uniform Load Ta- 
bles for each shape. 

Determine the required bearing plate area, A,, h 2 ,  by rearranging the formu- 
las given in J9 of the AISC ASD Specification and solving for A,. 

On full area of concrete support 

On less than full area of concrete support 

Establish Nand solve for B = AIIN. The length of bearing N is usually governed by 
the available wall thickness or some other structural consideration. Preferably, B 
and N should be in full inches, and B rounded off so that B x N r A, (req'd). 

Solve for t in the following formula based on cantilever bending of the plate 
under uniform concrete pressure. 

Determine the actual bearing pressure, fp = RI(B X N). 
Determine n = (Bl2) - k and, using the actual fp, solve for t in the formula: 

Given: 

A W18 X 50 beam, F,, = 36 ksi, for which k = 1% in., has a reaction of 49 kips and 
is to be supported by a 10 in. concrete wall. Using the entire width of the 3 ksi con- 
crete wall for the bearing length N, design a bearing plate for the beam. 

Solution: 
From the Allowable Uniform Load Tables: 

R1 = 26.4 kips 
R2 = 8.43 kipslin. 
R, = 32.6 kips 
R4 = 2.67 kipslin. 



R - R1 - 49 - 26.4 N=- - = 2.68 in. < 10 in. o. 
R2 8.43 

R - R3 49 - 32.6 - N=-- = 6.14 in. < 10 in. o. 
R4 2.67 

R - 49 - 46.7 in.' A ,  (Req'd) = - - - - 
0.35f; (0.35) 3 

B = AIIN = 46.7110 = 4.7 in. ; use 8 in. (flange width controls) 

A, = B x N = 8 x 10 = 80.0 in.2 r 46.7 in.' 

n = 812 - 1.25 = 2.75 in. 

f, = 49/80 = 0.613 ksi 

earing plate 3/4 X 10 X 0' - 8 

XAM 

Given: 

Investigate a 1 X 6% X 0' - 8 bearing plate for the beam in Example 8 supported 
on a 10% " concrete wall. The least distance from the edge of bearing plate to the edge 
of concrete support, b,, is 2 in. f,' = 3.0 ksi 

Anchor as requ~red-- -7 

Solution: 

A, = B x N = 8 x 6.5 = 52.0 in.2 

Assumed area of concrete support: 

A, = B1 x Nl = [8 + (2 + 2)] x [6.5 + (2 + 2)] = 126.0 in.2 

CAN I w s ~ a a m  OF STEEL CONSTRUCTION 



f, = 49/52 = 0.942 ksi 

P;, = 0.35fL = 0.35 X 3 X -0/52.0 
= 1.63 ksi > 0.942 ksi o. 

and 1.63 5 0.7f: = 0.7 x 3 = 2.1 o.k. (AISC ASD Specification Sect. J9) 

n = Bl2 - k = 812 - 1.25 = 2.75 in. 

Min. t = = 0.89 in. < 1 in. o. 

Investigate beam without bearing plate (tf = 0.57 in.): 

49 
fp = 7.5 x 6.5 

= 1.01 ksi 

in. t = J3mZp 

= 0.84 in. > 0.57 in. nag. 

Use bearing plate. 



Loads above and to the right of the heavy black lines will cause deflections of more than 11100 of the span. 
To find the actual deflections for the loads given above, divide the coefficient of deflection for the span by the 
thickness of the plate in inches. 
To find the deflection caused by loads less than shown above, first find the deflection caused by the loads 
given above. Multiply this by the actual load and divide by the load given above. For safety, loads greater than 
those given in the above table should not be used. 
Loads are based on an extreme fiber stress of 16 ksi and simple span bending. 



Spacing of lateral bracing at distances greater than L, creates a problem in which the 
designer is confronted with a given laterally unbraced length (usually less than the 
total span) along the compression flange, and a calculated required bending mo- 
ment. The beam cannot be selected from its section modulus alone since depth and 
flange proportions have an influence on its bending strength. 

The following charts show the total allowable bending moment for W and M 
shapes of Fy = 36 ksi and Fy = 50 ksi steels, used as beams, with respect to the maxi- 
mum unbraced length for which this moment is permissible. The charts extend over 
varying unbraced lengths, depending upon the size of beams represented. In gen- 
eral, they cover most lengths frequently encountered in design practice. 

The total allowable bending moment, in kip-ft, is plotted with respect to un- 
braced length with no consideration of the moment due to weight of the beam. Total 
allowable moments are shown for unbraced lengths in feet, starting at spans less than 
LC, of spans between LC and L,, and of spans beyond L,. 

The unbraced length LC, in feet, with the limit indicated by a solid symbol (@), 
is the maximum unbraced length of the compression flange for which the allowable 
bending stress Fb may be taken at 0.66Fy for compact sections by AISC ASD Specifi- 
cation Sect. F1.l, and for noncompact shapes that are permitted an allowable stress 
higher than 0.604 by Sect. F1.2. For these noncompact shapes, which meet the re- 
quirements of compact sections except that bf /2tf exceeds 65/*, but is less than 
95*, the allowable bending stress is obtained from Equation (Fl-3). LC is equal to 
the smaller value obtained from the expressions 76bf / f l  and 20000/[(dlAf)Fy]. This 
criterion applies to one beam when F, is equal to 36 ksi and applies to eight beams 
when Fy is equal to 50 ksi. LC for these beams are indicated by a half-filled circle 8 .  

The unbraced length L,, in feet, with the limit indicated by an open symbol (0), 
is the maximum unbraced length of the compression flange beyond which the allowa- 
ble bending stress Fb is less than 0.60Fy. L, is equal to the greater value obtained 
from Equations (F1-6) and (F1-8) when Fb is 0.404 and Cb equals unity. For lengths 
greater than LC, but not greater than L,, Fb may be taken at 0.604. In no case is LC 
taken greater than L,. 

The unbraced length is the maximum laterally unbraced length of the compres- 
sion flange corresponding to the total allowable moment. It may be either the total 
span or any part of the total span between braced points. The curves shown in these 
charts were computed for beams subjected to loading conditions which produce 
bending moments within the unbraced length greater than that at both ends of this 
length. In these cases, Cb is taken as unity in accordance with Sect. F1.3. When the 
unbraced length is greater than L, and the bending moment within the unbraced 
length is smaller than that at either end of this length, C, is larger than unity and the 
section may provide a more liberal moment capacity. In these cases the allowable 
moment can be determined using the provisions of Sect. F1.3 of the AISC ASD 
Specification. 



In all cases where the unbraced length of the compression flange exceeds L,, Fb 
must be calculated according to the provisions of Sect. F1.3, and may neither exceed 
the larger value given by the following formulas, nor 0.60Fy: 

For any value of 1hT : 

In computing the points for the curves, Cb in the above formulas was taken as 
unity; the radius of gyration r ,  about an axis in the plane of the web and the depth- 
flange area ratio dlAf are taken from the Tables of Dimensions and Properties in 
Part 1 of this Manual. 

Over a limited range of length, a given beam is the lightest available for various 
combinations of unbraced length and total moment. The charts are designed to assist 
in selection of the lightest available beam for the given combination. 

The solid portion of each curve indicates the most economical section by 
weight. The dashed portion of each curve indicates ranges in which a lighter weight 
beam will satisfy the loading conditions. For beams of equal weight, where both 
would satisfy the loading conditions, the deeper beam, when having a lesser moment 
capacity than the shallower beam, is indicated as a dashed curve to assist in making 
a selection for reduced deflection or a limited depth condition. 

In the case of W and M shapes of equal weight and the same nominal depth, the 
M shape is shown dashed when its design moment capacity is less than the W shape, 
to indicate that the W shape is usually more readily available. 

The curves are plotted without regard to deflection, therefore due care must be 
exercised in their use. The curves do not extend beyond an arbitrary spanldepth limit 
of 30. In no case is the dashed line or the solid line extended beyond the point where 
the calculated bending stress is less than 11 ksi for Fy = 36 ksi steel, or 15 ksi for Fy 
= 50 ksi steel. 

The following example illustrates the use of the charts for selection of a proper 
size beam with an unbraced length greater than L,. 

Given: 
Using Fy = 36 ksi steel, determine the size of a "simple" framed girder with a span 
of 35 ft, which supports ted loads located 10 ft from its left and 
right reaction points. T ge is laterally supported at the concen- 



load points only. e loads produce a 
kip-ft in the center 15-ft section 

Solution: 

For this loading condition, Cb = 1.0. 

Center section of 15 ft is longest unbraced length. 

ith total span equal to 35 ft and M = 220 kip-ft, assume approximate weight of 
beam at 70 Ibs./ft (equal to 0.07 kipdft). 

Total M = 220 + 
8 

Entering chart, with unbraced length equal to 15 ft on the bottom scale (abscissa), 
proceed upward to meet the horizontal line corresponding to a moment equal to 231 
kip-ft on the left hand scale (ordinate). Any beam listed above and to the right of the 
point so located satisfies the allowable bending stress requirement. In this case, the 
lightest section satisfying this criterion is a W 24 x 68, for which the total allowable 
moment with an unbraced length of 15 f t  is 239 kip-ft. 

Use: W24 X 68 

Note: If depth is limited, a 18x71 could be selected, provided deflection condi- 
tions are satisfied. 
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_he Specijication for Structural Steel Buildings for Allowable Stress Design (ASD), 
adopted by the American Institute of Steel Construction effective June 1, 1989, is 
the basis for the material presented in this section on the design of plate girders. 

LE OF DIMENSIONS AN ELDED PLATE GIRDERS 

This table serves as a guide for selecting welded plate girders of economical propor- 
tions. It provides dimensions and properties for a wide range of sections with nomi- 
nal depths from 45 to 92 in. 

No preference is intended for the tabulated flange plate dimensions, as com- 
pared to other flange plates having the same area. Substitution of wider but thinner 
flange plates, without a change in flange area, will result in a slight reduction in sec- 
tion modulus. 

All flange plates listed have width-thickness ratios that are within the maximum 
limitations of Sect. B5.1 of the AISC ASD Specification for F,, = 36 ksi steel. If thin- 
ner compression flange plates are used, or if steels of higher yield stresses are used, 
the proportions of the girder flange should be checked for compliance with Sect. 
B5.1 or Appendix B5, as applicable. 

In analyzing overall economy, weight savings must be balanced against higher 
fabrication costs incurred in splicing the flanges. In some cases, it may prove eco- 
nomical to reduce the size of flange plates at one or more points near the girder ends, 
where the bending moment is substantially less. Economy through reduction of 
flange plate sizes is most likely to be realized with long girders where flanges must be 
spliced in any case. 

Only one thickness of web plate is given for each depth of girder. When the de- 
sign is primarily dominated by shear in the web, rather than moment capacity, over- 
all economy may dictate selection of a thicker web plate. The resulting increase in 
section modulus can be obtained by multiplying the value St, given in the table, by 
the number of sixteenths of an inch increase in web thickness, and adding the value 
obtained to the section modulus value S for the girder profile shown in the table. 

Overall economy may often be obtained by using a web plate of such thickness 
that intermediate stiffeners are not required. However, this is not always the case. 
The girder sections listed in the table will provide a "balanced" design with respect 
to bending moment and web shear without excessive use of intermediate stiffeners. 
When stiffeners are required, their proper spacing can be determined by tables of 
"Allowable Shear Stress (ksi) in Webs of Plate Girders." Tables for the case of ten- 
sion field action not included and tension field action included are shown starting on 
page 2-232 with headings 1-36, 1-50, 2-36 and 2-50. Tension field action is not appli- 
cable to hybrid girders since tension field action is not allowed in this case. 

The maximum end reaction permissible without intermediate stiffeners for the 
tabulated web plate thicknesses for F, = 36 ksi steel is listed in the table column 
headed R. If a thicker web plate is used, the value R will be increased in proportion 



to the increase in web plate area. Use of a thicker web plate will also result in an in- 
crease in the allowable shear stress, through reduction of web depth-thickness ratio 
hlt. In Tables 1 and 2, "Allowable Shear Stress (ksi) in Webs of Plate Girders," al- 
lowable values for shear stress in the case where intermediate stiffeners are not re- 
quired are given in the right hand column headed "Over 3." 

It should be noted the table does not include local effects on the web due to con- 
centrated loads and reactions. See AISC ASD Specification Sect. K1. 

Design of a plate girder by the moment of inertia method recommended in the AISC 
ASD Specification should start with the preliminary design or selection of a trial sec- 
tion. The initial choice may require one or more adjustments before a final cross sec- 
tion is obtained that satisfies all the provisions of the AISC ASD Specification with 
maximum economy. In the following design examples, all applicable provisions of 
the AISC ASD Specification are listed at the right of each page. 

Example 11 illustrates a recommended procedure for designing a welded plate 
girder of constant depth. The selection of a suitable trial cross section is obtained by 
the "flange area method" and then checked by the "moment of inertia" method. 

Example 12 shows a recommended procedure for designing a welded hybrid 
girder of constant depth. 

Example 13 illustrates use of the table of "Welded Plate Girders Dimensions 
and Properties," to obtain an efficient trial profile. The 52-in. depth specified for this 
example demonstrates how the tabular data may be used for girder depths intermedi- 
ate to those listed. Another design requirement in this example is the omission of in- 
termediate web stiffeners. The final girder cross section is checked using the "mo- 
ment of inertia" method. 

Example 14 is similar to Ex. 13, except it illustrates the selection of a girder sec- 
tion whose web requires intermediate stiffeners. 

Design a welded plate girder to support a uniform load of 3 kips per ft and two con- 
centrated loads of 70 kips located 17 ft from each end. The compression flange of the 
girder will be supported laterally only at points of concentrated load. 

70 kips 70 kips 

kips kips 

142 kips 

Mm,, = 2054 kip-ft , 142 kips 

Shear and Moment Diagrams 



Given: 

Maximum bending moment: 2054 kip-ft 
Maximum vertical shear: 142 kips 
Span: 48 ft 
Maximum depth: 72 in. 
Steel: F, = 36 ksi 

dution: 

Preliminary web design: 

. Assume web depth, h = 70 in. 

For no reduction in flange stress, h/t I 9701& = 162 

Corresponding thickness of web = 701162 = 0.43 in. 

2. Minimum thickness of web = 701322 = 0.22 in. 

Try web plate 5/16 X 70: A, = 21.9 in.2; 
hlt = 7010.313 = 224 

B. Preliminary flange design: 

1. Required flange area: 

An approximate formula for the area of one flange is: 

Try 1 x 18 plate: A f  = 18 in.' 

2. Check for adequacy against local buckling: 

C. Trial girder section: 

Web 5/, ,  x 70; 2 flange plates 1 X 18 

1. Check by "moment of inertia7' method: 

Section modulus furnished: 54,304136 = 1508 

2. Check flange stresses: 

a. Check bending stress in 14 ft. panel: 
A~WERICAN INSTITUTE OF STEEL CONSTRUCTION 
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lo 
In? 

8932 

3 

SAY' 

45,369 

Table B5.1 

B10 

b 
ln? 

8932 

45,372 

Moment of inertia 

Y 

35.5 

Section 

1 web %6 x 70 
1 flange 1 x 18 
1 flange 1 x 18 

54,304 

A 
I n . V n .  

21.9 
18'0] 
18.0 



Maximum bending stress at midspan: 

Moment of inertia of flange plus % web about Y-Y axis: 

A~ + 1/6 A, = 18 + 1/6 (21.9) = 21.65 in.2 

rT = = 4.74 in. 

M,, > MI and M, :. Cb = 1 

Allowable stress based upon lateral buckling criteria: 

Fb = 0.60Fy = 21.6 ksi 

Reduced allowable bending stress in compression flange: 

= 20.8 ksi > 16.3 ksi o. 

b. Bending stress in 17-ft panel: 

Maximum bending stress: 

M1 where M I  = 0;  then - = 0 :. Cb = 1.75 
M2 

Allowable stress in 17-ft panel based upon lateral buck- 
ling criteria: 

Fb = 0.6bFY = 21.6 ksi 

Reduced allowable bending stress in compression flange: 

Fd = 20.8 ksi (see Step C2a) 

20.8 ksi > 15.76 ksi 0.k. 

Use: Web: One plate 5/16 X 70 
Flanges: Two plates 1 X 18 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 

ASD 
Specification 
Reference 

F1.3 
and 

Numerical 
Values 
Table 5 

Equation 
(G2-1) 

1.2 

Numerical 
Values 
Table 5 

6 2  



D. Stiffener requirements: 

1. Bearing stiffeners: 

a. Bearing stiffeners are required at unframed girder ends. 

b. Check bearing under concentrated loads: 

Assume point bearing and Y4 in. web-to-flange welds. 

I 
Local web yielding: 

70 > 0.66 x 36 = 23.8 ksi n.g. 
%6[O + (5 X I ) ]  

Note: If local web yielding criterion is satisfied, criteria 
for web crippling in Sect. K1.4 and Sect. K1.5 would 
have to be checked. 

:. Provide bearing stiffeners under concentrated loads. 

2. Intermediate stiffeners: 

a. Check shear stress in unstiffened end panel: 

hlt = 224; alh = (17 x 12)170 = 2.9 

Fv = 1.8 ksi 

fv = 142121.9 = 6.48 ksi > 1.8 ksi 

:. Provide intermediate stiffeners. 

b. End panel stiffener spacing (tension field action 
not permitted): 

Fv = 6.48 ksi :. alh = 0.57 

a I 0.57 x 70 5 39.9 in. 

Use: 36 in. 

c. Check for additional stiffeners: 

Shear at first intermediate stiffener: 

V = 142 - 3 x - = 133 kips ( ;;) 
f, = 133121.9 = 6.07 ksi 

Distance between first intermediate stiffener and 
concentrated load: 

a = (17 x 12) - 36 = 168 in. 

alh = 168170 = 2.4 

Fv = 1.7 ksi < 6.07 ksi 

:. Provide intermediate stiffener spaced at 16812 = 84 in. 

alh = 84/70 = 1.2 
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260 ( = ( = 1.35 > 1.2 o. Maximum alh = - 

F, = 8.1 ksi > 6.07 ksi o.k. 

d. Check center 14-ft panel: 

hlt = 224; alh = (14 x 12)170 = 2.4 
F, = 2.0 ksi 

f, = 21121.9 = 0.96 ksi < 2.0 ksi o. 

3. Combined shear and tension stress: 

Check interaction at concentrated load in tension 
field panel: 

f ,  = 91121.9 = 4.16 ksi 

Allowable bending tensile stress: 

8.1 

:. Fb = 0.60Fy = 21.6 ksi > fb o.k. 

Summary: Space stiffeners as shown: 

kftl* 2@711 - - 14 ft 
1- 1 -  I 

E. Stiffener size: 

1. For intermediate stiffeners: 

a. Area required (single plate stiffener): 

A,, = % web area x D(f ,  IF,) 

W = 2.4 for single plate stiffeners 

hlt = 224 

alh = 84/70 = 1.2 

A,, = 0.111 x 21.9 x 2.4 - = 4.35 in.2 (:.;:I 
Try one bar 9/16 x 8: 

A,, = 4.5 in.2 > 4.35 in.2 o.k. 

b. Check width-thickness ratio: 

810.5625 = 14.2 < 15.8 o.k. 

c. Check moment of inertia: 

ITereqad = (70/50)4 = 3.84 in.4 

tic 
Reference 

F5 
Equation 
(63-1) 

or 
Table 2-36 

G5 

Equation 
(65-1) 

G4 

Table 2-36 



If,,. = ?h (0.5625)(8.15)3 = 102 in.4 > 3.84 in.4 o.k. 

d. Min. length required: 
70 - X6 - (6 X 5/,,) = 6713/,6 in. 

Use for intermediate stiffeners: One plate 9/16 x 8 
X 5 ft-9 in., fillet-welded to the compression 
flange and web. 

2. Design bearing stiffeners: 

At end of girder, design for end reaction. 

Try two 9/16 X 8 in. bars. 

a. Check width-thickness ratio: 

8 - = 14.2 < 15.8 o. 
0.5625 

b. Check compressive stress: 

- end bearing stiffeners 

t w 

r = = 4.47 in. 

Allowable stress: Fa = 21.06 ksi 

fa=-- 142 - 13.96 ksi < 21.06 ksi o.k. 
10.17 

Use for bearing stiffeners: Two plates 9/16 x 8 x 5 ft-9% in. 
with dose bearing on flange receiving reaction or concen- 
trated loads. 

Use same size stiffeners for bearing under concentrated 
loads. * 

* In this example, bearing stiffeners were designed for end bearing; however, 
25t may be used in determining effective area of web for bearing stiffeners 
under concentrated loads at interior panels (Sect. K1.8). 
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Design a hybrid girder to support a uniform load of 2 kips per ft and three concen- 
trated loads of 200 kips located at the quarter points. The girder depth must be lim- 
ited to 5 ft. The compression flange will be laterally supported throughout its length. 

Given: 
Maximum bending moment: 9600 kip-ft 
Maximum vertical shear: 380 kips 
Span: 80 ft 
Maximum depth: 60 in. 
Steel: Flanges: Fy = 50 ksi 

Web: Fy = 36 ksi 

380 kips 380 kips 

Shear and Moment 

Solution: 
A. Preliminary web design: 

Assume web depth, h = 54 in. 

Minimum thickness of web: 541243 = 0.22 in. 
For no reduction in flange compression stress due to web slen- 
derness: 

h/t, I 970l./SiS = 137 

Corresponding web thickness = 541137 = 0.394 

Minimum tw required for maximum allowable shear stress of 
14.5 ksi: 

v t = - =  380 = 0.486 in. 
" F,h 14.5 x 54 
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Try web plate 9/16 X 54; A ,  = 30.38 in.' 

f ,  = 380130.38 = 12.5 ksi < 14.5 ksi o.k. 

hlt, = 5410.563 = 96 

B. Preliminary flange design: 

1. An approximate formula for the area of one flange plate for 
a hybrid girder is: 

Try flange plate 2% X 24: 

Af = 69 in.2 

2. Check adequacy against local buckling: 

C. Trial girder section: 

1 web: 9/16 X 54 

2 flange plates: 2% X 24 

1. Check by "moment of inertia" method: 

Section 

1 web 9/16 x 54 30.38 
1 flange 2% x 24 
1 flange 2% x 24 69 

- 3986 Section modulus furnished = - - 
29.875 

Moment of inertia 

2. Check allowable flange stresses: 

a. Compression flange is supported laterally for full length. 

F, = 30 ksi 

b. Allowable flange stress (applies to either flange) from 
Sect. G2: 

1 19074 

h 970 
RpG = 1 since - < - 

t ay 

ASD 
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12 + 0.44 [3 (0.72)-(0.72)3] 
Re = 

12 + 2 (0.44) 

Re = 0.99 

F; = 0.99Fb = 0.99 (30) = 29.7 ksi 

Use allowable flange stress of Fb = 29.7 ksi. 

Section modulus required = 9600 l2 = 3880 in.3 
29.7 

Use: Web: One plate 9/16 X 54 (F, = 36 ksi) 
Flanges: Two plates 2% X 24 (Fy = 50 ksi) 

D. Stiffener requirements: 

1. Bearing stiffeners at ends of girder: 

For design of end bearing stiffener, see step E-2, Ex. 11. 

Use: Two plates 3/4 x 11 x 4 ft-5% in. with close bearing on 
flange receiving reaction. 

2. Bearing stiffener at concentrated loads: 

Check web yielding by Equation (Kl-2): 

R = 200 kips 
Assume N = 10 in., k = 2% + 5/16 = 33/16 in. 

Allowable compressive stress = 0.66 F' = 23.8 ksi. 

Computed compressive stress = 
200 

%[lo + (5 x 33/16)] 

= 5.8 ksi < 23.8 ksi 0.k. 

Check web crippling by Equation (Kl-4).  

Pall. = 304 kips < 380 kips n.g. 

Check sidesway buckling by Sect. K1.5. 

Assume flange continuously restrained against rotation. 

.'.Bearing stiffeners at points of concentrated loads are 
required. 
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3. The AISC ASD Specification does not permit design of hy- 
brid girders on the basis of tension field action. Therefore, 
determine need for intermediate stiffeners by use of Equa- 
tion (F4-2). 

hlt = 96 

alh is over 3. 

Allowable shear stress: 

Fv = 9.0 ksi (by interpolation) 

Vertical shear at end of girder: 

V = 380 kips 

Calculated shear stress: 

fv = 380130.38 = 12.5 ksi > 9.0 ksi 

:. Intermediate stiffeners required 

4. Intermediate stiffener spacing: 

End panel: 

fv = 12.5 ksi; alh = 1.0 (by interpolation) 

Max. a, = 54 in. 

Next panel, shear at 54 in. from centerline bearing: 

fv = 371130.38 = 12.2 ksi 

alh = 1.08 

Max. a2 = 1.08 x 54 = 58.3 in. (use 58 in.) 

Next panel, shear at 54 + 58 = 112 in. from centerline bear- 
ing: 

fv = 361130.38 = 11.88 ksi 

alh = 1.16 

Max. a3 = 1.16 x 54 = 62.7in. (use 62in.) 

Next panel, shear at 54 + 58 + 62 = 174 in. from centerline 
bearing: 

f ,  = 351130.38 = 11.55 ksi 

alh = 1.26 

ax. a, = 1.26 x 54 = 68 in. 

[240 - (54 + 58 + 62)] = 66 in. (use 66 in.) 

AMEEUCAN INSTITUTE OF STEEL CONSTRWTION 
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2 - 224 

5. Check need for stiffeners between concentrated loads: ASD 

V = 140 kips (from shear diagram) Specification 

fv = 140130.38 = 4.6 ksi 

For alh = 3.0, Fv = 9.0 ksi > 4.6 ksi 0.k. 

hlt = 96 < 260 0.k. 

No intermediate stiffeners are required between the con- 
centrated loads. 

Summary: 
Bearing stiffener 

/ 20'-0 20'-0 

Ym. 
bout B 

40'-0 

E. Stiffener size: 

1. Bearing stiffeners: 

See Step E2, Ex. 11, for design procedure. 

Use two plates % x 11 X 4 ft-5% in. with close bearing on 
flange receiving reaction. 

2. For intermediate stiffeners: 

a. Check width-thickness ratio: 

Assume 5/16 X 4 in., F, = 36 ksi, one side only. 

410.313 = 12.8 < 15.8 0.k. 

b. Check moment of inertia: 

Zreqjd = (54/50)4 = 1.36 in.4 
If,, = s(0.313) (4.28)3 = 8.18i~1.~ > 1 . 3 6 k 4  0.k. 

c. Length required = 54 - %, - (6 X 0.5625) 

= 50.3125 in. (use 51 in.) 
Use for intermediate stiffeners: One plate ?4 x 4 x 4 ft-3 in., 
one side of web only. 

Given: 
Using F, = 36 ksi, design the section of a nominal 52-in. deep- 
welded plate girder with no intermediate stiffeners to support a 
uniform load of 2.4 kips per linear foot on an 85-ft span. The girder 
will be framed between columns and its compression flange will be 
laterally supported for its entire length. 

Reference 

Table 1-36 

B5.1 
and 

Numerical 
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Solution: 

Maximum bending moment: 2168 kip-ft 

Maximum vertical shear: 102 kips 

Required section modulus: 1182 in.3 

Enter table of "Welded Plate Girders, Dimensions and Proper- 
ties": 

For girder having % X 48 web with 1% x 16 flange plates: 

S = 1100 in.3 < 1182 in.3 

For girder having % X 52 web with 1% x 18 flange plates: 

S = 1330 in.3 > 1182 in.3 

A.  Determine web required: 

Try: Web = % x 50; Aw = 18.75 in.2 

Check web: 

For hlt = 5010.375 = 133; from Table 1-36 under col- 
umn headed "Over 3," allowable shear stress without inter- 
mediate stiffeners = 4.7 ksi (by interpolation). 

Allowable vertical shear = 18.75 x 4.7 
= 88 kips < 102 kips n.g. 

Try: Web = 7/16 X 50; Aw = 21.8 in.' 

For hlt = 5010.4375 = 114, re-enter table; allowable shear 
stress without intermediate stiffeners = 6.5 ksi (by interpola- 
tion). 

Allowable vertical shear = 21.8 x 6.5 

= 141.7 kips > 102 kips 0.k. 

B. Determine flange required: 

A, zM (see Ex. 11, Step B1) 
Fbh 

Try 1% x 18 plate: Af = 20.25 in.2 0.k. 

C. Check by "moment of inertia" method: 

ASD 
Specification 
Reference 

Table 1-36 



2 - 226 

D. Check web proportions: 

(< 322 a%. 
hlt = 114 < 260 o.k. 

\< 106.7 not compact (Fa = 22 ksi) 

E. Check bearing stiffener requirements. Since there are no con- 
centrated loads, intermediate bearing stiffeners are not re- 
quired. Because the girder will be framed between columns, the 
usual end-bearing stiffeners are not required. 

Use: Web: One plate 7/16 X 50 
* Flanges: Two plates 1% x 18 

Given: 

Design conditions are the same as given in Ex. 13, except intermedi- 
ate stiffeners are to be used. 

Solution: 

A. Preliminary web design: 

Minimum web thickness: 

t, = hl322 = 501322 = 0.16 in. 

or 

h1333 = 0.15 in. (if a 5 1.5d) 

Try web 5/16 X 50: 

A, = 15.63 in.', hlt = 160 

B. Flange design: 

M 
Af =- (see Ex. 11, Step B1) 

Fbh 

Try flange 1% x 22: 

Af = 25.0 in.2 

*Because this girder is no longer than 60 ft, some economy may be gained by 
decreasing the flange size in areas of smaller moment near ends of girder. 

AMEMCAN INSTITUTE OF STEEL CONSTRUCTION 
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Check by "moment of inertia" method: 

1 flange 1% x 22 24.75 25.56 32,339 
5 32,344 

1 flange I */s x 22 1 24.75) 1 I I 1 
Moment of inertia 1 35,599 1 

Use: Two flange plates % X 25 

C. Stiffener spacing: 

1. Because established hlt < 260, stiffeners are not required 
when fv 5 3.2. Corresponding V = 3.2 x 15.63 = 50 kips, 

Corresponding distance each side of point of zero shear at 
centerline of girder: 

a = (5012.4)12 = 250 in. 

Stiffeners are required from each end to 260 in. from each 
end of the girder. 

2. End panel (Equation (F4-2) governs): 

V = 102 kips 

f,, = 102115.63 = 6.53 ksi 

hlt = 160; :. alh = 0.9 

Max. al = 0.9 x 50 = 45 in. 

3. Next panel (tension field action is allowed): 

V = 102 - 2.4 x - = 93 kips ( ;;) 
fv = 93115.63 = 5.95 ksi 

hlt = 160; :. alh = 2.5 

Max. a2 = 2.5 x 50 = 125 in. 

260 - 45 - 125 = 90 in. < 125 in. 

Therefore a total of six stiffeners is required. Space at con- 
venient dimension so that a is not greater than 45 in. for end 
panels and 500 in. for middle panel. See sketch. 

2 - 227 
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Use: Web: One plate 5/16 X 50 stiffened as shown in sketch. 

Flanges: %o plates '?4 X 25 

D. Stiffener size: 

Intermediate stiffeners: 

For stiffener size caIculation, see Ex. 11, Step El. 

Use: One plate ?h X 5% X 4-ft welded to the compression 
flange and web. 





Nominal 
Size 

In. 
32 x 30 
'l/t = 131 

36 x 28 
'l/t = 134 

90 x 26 
'l/t = 125 

74 x 24 
'l/t = 128 

68 x 22 
b/t = 132 

61 x 20 
b/t = 137 

Wt. 
Per 
Ft - 

Lb. - 
823 
72 1 
61 9 
568 
51 7 
466 
41 5 
750 
654 
559 
51 2 
464 
41 6 
369 
696 
608 
519 
475 
43 1 
387 
343 
320 
627 
546 
464 
423 
382 
342 
30 1 
280 
561 
486 
41 1 
374 
337 
299 
262 
243 
224 
429 
361 
327 
293 
259 
225 
208 
191 

Depth 
d t+ le 

rhick 
tf 

In. - 
3 
2% 
2 
1% 
1 112 
1 '/4 

1 
3 
2% 
2 
1 % 
1% 
1 '/4 

1 
3 
2% 
2 
1 % 
1 '/2 
1 % 
1 
% 

3 
2% 
2 
1% 
1 % 
1% 
1 
% 

3 
2% 
2 
1 % 
1 % 
1% 
1 

7/s 
% 

2% 
2 
1 3/4 

1% 
1% 
1 

5% 
3/4 

- 
hicl 
t - 

In. - 
% 6 
%6 

%6 

1/16 

% 6 
%6 

%6 

=/0 
% 
% 
=/0 
% 
% 
=/0 

=/0 
=/0 
% 
5/s 
=h 
=/0 

=/0 
%6 

%6 

%a 

%6 

%6 

%6 

%6 

%6 

% 
% 
% 
112 

% 
'/2 

112 

'/2 

% 
7/18 

7/16 

7/16 

7/16 

7/16 

7/16 

%6 

7/16 

Axis X-X 

Area 

In. - 
90 
90 
90 
90 
90 
90 
90 
84 
84 
84 
84 
84 
84 
84 
78 
78 
78 
78 
78 
78 
78 
78 
72 
72 
72 
72 
72 
72 
72 
72 
66 
66 
66 
66 
66 
66 
66 
66 
66 
60 
60 
60 
60 
60 
60 
60 
60 

In. - 
8.20 
8.12 
8.00 
7.92 
7.81 
7.67 
7.47 
7.69 
7.62 
7.52 
7.45 
7.35 
7.23 
7.06 
7.14 
7.08 
6.98 
6.91 
6.83 
6.71 
6.55 
6.44 
6.62 
6.57 
6.49 
6.43 
6.36 
6.26 
6.12 
6.03 
6.10 
6.06 
5.99 
5.94 
5.88 
5.80 
5.68 
5.60 
5.50 
5.54 
5.48 
5.44 
5.39 
5.33 
5.23 
5.16 
5.08 

Kips - 
300.2 
300.2 
300.2 
300.2 
300.2 
300.2 
300.2 
241.6 
241.6 
241.6 
241.6 
241.6 
241.6 
241.6 
260.2 
260.2 
260.2 
260.2 
260.2 
260.2 
260.2 
260.2 
205.5 
205.5 
205.5 
205.5 
205.5 
205.5 
205.5 
205.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
116.0 
116.0 
116.0 
11 6.0 
116.0 
116.0 
116.0 
116.0 



Nominal 
Size 

In. 
i7 X 18 
t/t = 128 

i3 X 18 
Vt = 138 

19 X 16 
r/t = 128 

15 x 16 
r/t = 141 

- 
Wt. 
Per 
Ft 

Lb. - 
389 
328 
298 
267 
236 
206 
190 
175 
160 
342 
31 1 
280 
250 
21 9 
189 
173 
158 
143 
306 
279 
252 
224 
197 
170 
156 
143 
129 
237 
21 0 
183 
156 
142 
128 
115 

- 

- 
Area 

- 
Depth 

d 

In. - 
61 .OO 
60.00 
59.50 
59.00 
58.50 
58.00 
57.75 
57.50 
57.25 
56.50 
56.00 
55.50 
55.00 
54.50 
54.00 
53.75 
53.50 
53.25 
52.50 
52.00 
51.50 
51 .OO 
50.50 
50.00 
49.75 
49.50 
49.25 
47.50 
47.00 
46.50 
46.00 
45.75 
45.50 
45.25 

Nidth 
bf - 
In. - 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 

?le 
Thick 

t' 
In. - 
2% 
2 
1 3/4 

1 % 
1 '/4 
1 
% 
% 
=/0 

2% 
2 
1 % 
1% 
1% 
1 
% 
% 
=/0 

2% 
2 
1% 
1 % 
1 '/4 
1 

7/a  
3/4 

5/8 
1 3/4 

1 % 
1 '/4 
1 
Ya 
3/4 

% 

- 
V\ - 

Ieptl 
h - 
In. - 
56 
56 
56 
56 
56 
56 
56 
56 
56 
52 
52 
52 
52 
52 
52 
52 
52 
52 
48 
48 
48 
48 
48 
48 
48 
48 
48 
44 
44 
44 
44 
44 
44 
44 

I 

'hick I t 

In. 
% 6  83500 
7/16 67000 
% s  58900 
% 6  51000 
% s  43300 
% s  35600 
%s 31900 
% s  28100 
%e 24400 
YE 64000 
?h 56900 
?h 49900 
YE 43000 
?h 36300 
?h 29700 
?h 26400 
% 23200 
% 20000 
Yi 48900 
?'a 43500 
?h 38100 
?h 32900 
?h 27700 
?h 22700 
?'a 20200 
% 17700 
?h 15300 
5/16 31500 
5/16 27100 
5/16 22700 
5/16 18400 
5/18 16300 
5/16 14200 
5/16 12200 

In. - 
4.98 
4.92 
4.89 
4.84 
4.78 
4.69 
4.63 
4.55 
4.45 
5.00 
4.98 
4.95 
4.91 
4.86 
4.78 
4.73 
4.67 
4.58 
4.44 
4.42 
4.39 
4.35 
4.31 
4.24 
4.19 
4.13 
4.05 
4.44 
4.41 
4.38 
4.32 
4.28 
4.23 
4.17 

"S' = Additional section modulus corresponding to %-in. increase in web thickness. 
brT = Radius of gyration of the " T  section comprising the compression flange plus l/3 of 

the compression web area, about an axis in the plane of the web. 
CR = Maximum end reaction permissible without intermediate stiffeners for tabulated web 

plate. 
Notes: 
The width-thickness ratios for girders in this table comply with AlSC ASD Specification 

Sect. B5.1 for F, =, 36 ksi steel. For steels of higher yield strengths, check flanges for 
compliance with th~s section. 

See Sects. F5, G4 and K1.8 for design of stiffeners. 
Welds not included in tabulated weight per foot. 
This table does not include local effects on web due to concentrated loads and reactions. 
See K1. 



For 36 ksi Yield Stress Steel, Tension Field Action Not Included 





) 

For 36 ksi Yield Stress Steel, Tension Field Action Included 

(Italic values indicate gross area, as percent of web area, required for pairs of intermediate 
stiffeners of 36 ksi yield stress steelJa 

S~acina to Web Deoth I 

plate stiffeners, multiply by 2.4. 
ear is less than that given in right-hand 



Fv = 50 ksi 1 .O 1.8 2.4 
Fy = 36 ksi 1.4 2.5 3.3 



Unit Area 

% 
IY Values of 2y2 for com 

X X 

Y 

9 Unit Area 

hnomebt of Inertia 
of areas about axis X- 
(ZAy = Area of one flange x 2y ') 

Copyright, Weiskopf & Pickworth. 



(ZAy2 = Area of one flange x 2y 2, 

Copyright, Weiskopf & Pickwoith. 



utin 
X 

Weiskopf 

oment of lnerti 
as about axis 

(ZAy2 = Area of one flange x 2y *) 

Pickworth. 



, Unit area 

PLATE GIRDERS 
Values of 2y2 for computing 

Moment of Inet-iia x 
of areas about axis X-X 1 Y 

(ZAy = Area of one flange x 2y 2, 

Copyright, Weiskopf & Pickworth. 



Thickness t, In. 

2 - 240 

of one plate about axis X-X 
To obtain the moment of inertia for any thickness of plate not listed below, 

multiply the value for a plate one inch thick by the desired thickness. 



To obtain the moment of inertia for any thickness of plate not listed below, 
multiply the value for a plate one inch thick by the desired thickness. 

Yth 
In. 

Thickness f, In. 



E 
Moment of Inertia 

of one plate a 
To obtain the moment of inertia for any thickness of plate not listed below, 

multiply the value for a plate one inch thick by the desired thickness. 

DYh 
In. 

Thickness t, In. 



The AISC ASD Specification contains provisions for designing composite steel- 
concrete beams as follows: 

1. For totally encased unshored steel beams not requiring mechanical anchor- 
age (shear connectors), see Sects. I1 and 12.1. 

2. For both shored and unshored beams with mechanically anchored slabs, de- 
sign of the steel beam is based on the assumption composite action resists the 
total design moment (12.2). In shored construction, flexural stress in the con- 
crete slab due to composite action is determined from the total moment. 

In unshored construction, flexural stress in the concrete slab due to com- 
posite action is determined from moment ML, produced by loads imposed 
after the concrete has achieved 75% of its required strength. Shored con- 
struction may be used to reduce dead load deflection and must be used if the 
combined bending stress in the steel exceeds 0.9 F,. 

3. For partial composite action, see 12.2. 

4. For negative moment zones, see 12.2. 

5. For composite beams with formed steel deck (FSD), see 15. 

1. Composite construction is appropriate for any loading. It is most efficient 
with heavy loading, relatively long spans, and beams spaced as far apart as 
permissible. The decision to use fully or partially composite beams is usually 
economic and will generally be based on a comparison of the installed cost of 
the shear connectors and the savings in beam weight. 

2. For unshored construction, concrete compressive stress will seldom be criti- 
cal for the beams listed in the Composite Beam Selection Tables if a full 
width slab and F, = 36 ksi steel are used. It is more likely to be critical when 
a fully composite narrow concrete flange or F, = 50 ksi is used, and is fre- 
quently critical if both E;, = 50 ksi steel and a narrow concrete flange are 
used. Shored construction also results in a higher concrete stress while par- 
tial composite construction reduces this stress. 

The following rational procedure for a standard transformed section 



may be used to calculate the maximum concrete compressive stress for any 
degree of partially composite construction with solid slabs.* (see Fig. 1) 

b 

Fig. I .  Composite beam with soli 

A. The location of the elastic neutral axis from the bottom of the steel beam 
is equal to 

where 

Jeff is determined from AISC ASD Equation (14-4) 

Seff is determined from AISC ASD Equation (12-1) 

B. The effective width of the concrete slab - e f f ,  where n = EIE,, varies (9 
from the full composite value, (bln), to zero for the non-composite condi- 
tion, as described by the relationship from the definition of neutral axis: 

where the quantities are as shown in Fig. 1. 

C. The section modulus relative to the top of the equivalent transformed 
steel section is 

and the concrete stress at that point is 

(:)eff 
f =-- 

c St-, b 

*Lorem, R. F. and F. W. Stockwell, "Concrete Slab Stresses in Partial Composite Beams and Gird- 
ers," AISC Engineering Journal, 3rd Qtr., 1984. 
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As Zeff and Seff approach Is and Ss, peff approaches d12, eff ap- t) 
proaches zero, SSeH approaches St = Is/(t + d/2), and fi approaches zero 
- the non-composite case. As Ieff and Seff approach I, and St, (full com- 

posite), peff = I&, = pb, eff = bln, = I ,  (h-p,) and f, = (9 
M/(nSJ. The concrete stress moment M is determined in accordance 
with General Note 2. 

To extend this procedure more generally to composite beams with 
steel deck or with the neutral axis in the concrete, only replace (tl2) in 
Eq. 2 by Y2, the distance from steel beam top flange to centroid of con- 
crete compressive area, (Fig. 2), so that 

Effective concrete compression area 

N.A. h = (d + h, i- b) 

Fig. 2. Fully composite beam with steel deck 

Note that with deck, t represents the thickness of the concrete in 
compression, which is often conservatively assumed to be only the full 
concrete topping to above the deck (both for deck perpendicular and par- 

allel to beam) such that Y2 = h, + - , where h, is the nominal deck i 9 
rib height. The effective concrete thickness needs to be appropriately re- 
duced if the elastic neutral axis falls within this topping area, as discussed 
later. 

3. The previous dependence of concrete effective width on slab thickness has 
been removed to be consistent with the most current research findings. 

4. Steel and concrete materials of various strengths may be used. 

End reactions for composite beams are likely to be higher than for non-composite 
beams of the same size. They must be calculated by the engineer and shown on the 
contract documents. 

IN ST^ OF STEEL CONSTRUCTION 



A composite beam has much greater stiffness than a non-composite beam of equal 
depth, size, loads and span length. Deflection of composite beams will usually be 
about ?4 to 1/2 less than deflection of non-composite beams. In practice, shallower 
beams are used and deflections, particularly of the steel section alone under con- 
struction loads, should be calculated and listed on the contract documents as a guide 
for cambering or estimating slab quantities. 

If the desire is to minimize the transient vibration because of pedestrian traffic 
or other moving loads when composite beams support large open floor areas free of 
partitions or other damping sources, a suitable dynamic analysis should be made (see 
AISC Engineering Journal, Vol. 12, No. 3, 3rd Qtr:, 1975). 

Long-term creep deflections are usually not significant for composite beams. 
However, since a part of the section is concrete, which can be susceptible to creep, 
creep deflection should be investigated if considered undesirable by the design pro- 
fessional. If the desire is to investigate long-term creep deflections, I, should be 
based on a modular ratio n, double that used for stress calculations. 

When lightweight concrete is used in composite construction, deflection should 
be calculated using I, based on the actual modulus of elasticity of the concrete E,, 
even though stress calculations are based on the E, of normal weight concrete. 

Bottom cover plates are an effective means to increase the strength or reduce the 
depth of composite beams when deflections are not critical, but they should be used 
with overall economy in mind. High labor cost makes their use rare. For this reason, 
they have not been retained in the selection table. However, their use is permitted 
by the Specification. Section properties may be calculated or obtained from other 
sources. 

USE OF FORMED ST 

Although use of FSD in composite construction has been permitted by the AISC 
Specification for many years, specific provisions for its use were not included in the 
Specification until 1978. The following limitation on parameters were established to 
keep composite construction with FSD within the currently available research data 
(see AISC ASD Specification Sect. 15.1): 

1. Deck rib height (h,): Max. 3 in. 

2. Average width of concrete rib or haunch (w,): Min. 2 in. 

3. Shear connectors: Welded studs only, maximum %-in. dia. 

4. Stud length: Min. = rib height + 1% in. 

5. Slab thickness above deck: Min. 2 in. 

The composite beam selection tables may be used with FSD as well as with solid 
slabs. There are numerous proprietary FSDs and most manufacturers can furnish ta- 
bles of properties for beams using their own particular one. The FSD used in the ex- 
amples is arbitrary and is not intended to agree dimensionally with any proprietary 
deck. 

The FSD itself may be either composite or non-composite. Under this AISC 
ASD Specification both will produce the same composite beam properties. 
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The AISC ASD Specification provisions for the design of composite beams are based 
on ultimate load considerations, even though they are presented in terms of working 
stresses. Because of this, for unshored construction, actual stresses in the steel beam 
under working load are higher than calculated stresses. Section 12.2 limits this steel 
stress to 90% of the minimum yield stress. Section 12.2 also provides requirements 
for limiting the steel beam compression flange stress under construction loading. 

Adequate lateral support for the compression flange of the steel section will be 
provided by the concrete slab after hardening. During construction, however, lateral 
support must be provided, or working stresses must be reduced in accordance with 
F1 of the Specification. Steel deck with adequate attachment to the compression 
flange, or properly constructed concrete forms, will usually provide the necessary 
lateral support. For construction using fully encased beams, particular attention 
should be given to lateral support during construction. 

The design of the concrete slab should conform to the current ACI 13uilding 
Code. 

New composite beam selection tables for I, and S,  based on an elastic transformed 
section have been prepared to assist engineers in designing these members or in 
checking steel and concrete allowable stresses. They are applicable to both solid slab 
and FSD floors, fully composite construction, for all steel beam sizes and without 
any restrictions on concrete strength fi, modular ratio n or effective width b. 

By definition of elastic neutral axis for a fully composite beam (see Fig. 2) 

then Eq. (5) reduces to 

Let 

Inclusion of the effective concrete width, strength, and modular ratio in the A,, vari- 
able permits direct computation of the Yb given a steel beam size and Y2. Once the 
neutral axis location has been identified, it follows, 



t2  
It, = I, + A,, - + Y2 + - 1 

[I" i ) 2 ( y l )  
To avoid introduction of another variable (concrete compression thickness) into 

the tables, the concrete moment of inertia about its own axis is conservatively simpli- 
1 

fied to -A,, (1)' (assumes t = 1 in.) in the tables, which lowers the I, value by usu- 
12 

ally a small percentage. Finally, referring to f, as the tabulated value, 

For many situations, assume I, = ftr and S, = Str and it will be sufficiently accurate. 
If it is desirable to determine the slightly higher and more exact elastic trans- 

formed section properties It, and S,, a quick correction can be made to the tabulated 
values, using the actual concrete thickness t in compression, as follows: 

1 
It, = & (tabulated) + -A, (t2 - 1) 

12 (9) 

[S (tabulated)] 
Str = (Itr) 4 

I, (tabulated) 

When the neutral axis is located within the concrete flange (to), only the con- 
crete thickness in compression (above the neutral axis) may be used for t and A,. 

When the neutral axis is in the steel section or deck, A,, = (:)to and Y2 = 
~. 

. The maximum depth of the transformed section neutral axis for t = to 

(all concrete above deck in compression) is (d + h,) to the top of the steel deck. Ap- 
plying this limit to jb in (5) and solving for AYpM results in 

Note that the distance Y2 must be greater than h,. If - to is larger than &,4" (indi- (3 
cated by shaded area in tables for h, = 0) for a particular Y2 and h,, a reduced A,, 
using t < to and the corresponding revised Y2 need to be used for the actual section 
properties (see Ex. 18). 

In such cases, with the elastic neutral axis within the concrete, the reduced con- 
crete thickness in compression may be calculated as 



and 

Linear interpolation may be used to estimate properties between the listed A,, and 
Y2 values as an alternative to direct computation. The following steps are suggested 
for general application of the Composite Beam Selection Tables: 

M m ,  1. With a given Sre, = - approximate A,, for full composite beff = - 
0.66Fy' ( n b, 

and Y2, select appropriate steel beam size with S, > Sre,; check and 
neutral axis location and make necessary corrections to tabulated values or 
calculate exact I,, S, directly with selected beam size. 

2. Compute Vh for shear stud design using (14-1) or (14-2). The latter equation 
representing max Vh in steel is tabulated. 

3. (Optional) Economize with partial composite, 

@re, - SS) 2 0.25 
= Vh [ (S, - Ss) 1 

4. (Optional) Compute corresponding Jeff by AISC ASD Specification Equa- 
tion (14-4) to check deflections. 

Analysis 

With a given A,,, Y2 and steel beam size, read Itr and S, (Sw 2 S,,), check 
A;?, as previously, and if necessary, compute corrected I,  and S, by Eqs. 
9 & 10. 

EXAMPLE 15 

Design a non-coverplated fully composite interior floor beam of an office building. 
There is no depth restriction. Do not use temporary shores. Limit dead-load deflec- 
tion to 1% in. and live-load deflection to L/360. 

Given: 
Span length, L = 36 ft Live load = 100 lbs./ft2 
Beam spacing, s = 8 ft Partition load = 20 lbs./ft2 
Slab thickness, to = 4 in. Ceiling load = 8 lbs./ft2 
Concrete: f: = 3.0 ksi (n = 9) 
Weight = 145 pcf 
Steel: F;, = 36 ksi 

Solution: 
A. Bending moments: 

1. Construction loads: 

4 in. slab = 0.048 kip/ft2 
Steel (assumed) = 0.007 

0.055 kip/ft2 x 8 ft = 0.44 kip/ft 

M ,  = 71.3 kip-ft 
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2. Loads applied after concrete has hardened: 

Live load = 0.100 kip/ft2* 
Partition load = 0.020 
Ceiling load = 0.008 

0.128 kip/ft2 x 8 ft = 1.024 kip/ft 

ML = 166 kip-ft 

3. Maximum moment: 

M,, = MD + ML 
= 71.3 + 166 = 237.3 kip-ft 

4. Maximum shear: 
36 

V = (0.44 + 1.024) - = 26.4 kips 
2 

B. Check effective width of concrete slab: 

b = %L = $4 x 36 x 12 = 108 in. 

b = s = 8 x 12 = 96 in. (governs) 

C .  Required section moduli (for F, = 36 ksi): 

For MD+L: 

12 237 = 119 in.3 
str = 24 
For MD (assume compression flange is adequately braced): 

ss = l2 71'3 = 35.6 in.3 
24 

D. Select section and determine properties: 

Y2 = 2 in. 
A,, = (9619) (4)  = 42.67 in.2 

Enter selection table for 
S ,  (required) = 119 in.3 

Select W21x44 trial section, since 
S,  = 119 with Y2 = 2 and A,, = 40 < Ayf = 67 

From Tables of Properties for Designing, 
Part 1): 

Ss = 81.6 in.3, A, = 13.0 in.2, tf = 0.450 in. 

I, = 843 im4, d = 20.66 in., t,,, = 0.350 in. 

Calculate section properties: 

1. From table (at Y2 = 2 and A,, = 42.67 by interpola- 
tion) 

Str = 119.3 in.3 
itr = 2356 in.4 

*Live load reduction is allowed by most building codes. It is omitted here for 
simplicity. 

ASD 
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2. Add correction by Eqs. 9, 10 (optional) 

t = 4 i n .  

I, = 2409 in. 

S, = 122 in.3 

)ib = 24091122 = 19.8 in. 

3. Compute directly (optional) 

Ztr = 2420 in.4 

S, = 122 in.3 

gb = 19.8 in. 

E. Check concrete stress (unshored): 

St = 2420/(20.66 + 4 - 19.8) = 498 in.3 

fc = (166 x 12)/(498 X 9) 

= 0.44 ksi < 0.45 x 3 = 1.35 ksi o.k. 

F. Check steel stresses: 

Total load: Sstr = 122 in.3 > 119 in.3 o.k. 

Dead load: Ss = 81.6 in.3 > 35.6 in.3 o.k. 

fb is o.k. 

f, = 26.4/(20.66 x .350) = 3.65 ksi < 14.5 ksi 0.k. 

Note: Beam is not coped; block shear does not control. 

G .  Check deflection: 

A,, = ~ ~ ~ ~ 1 1 6 1 ~ ~  = 71.3 x 362/(161 x 843) 
= 0.68 in. < 1.5 o.k. 

A,, = MLL2/1611,= 166 x 3621(161 X 2420) 
= 0.55 in. < Ll360 = (36 x 12)/360 = 1.20 in. o.k. 

(Long-term creep deflection is not considered significant.) 

H. Check bottom flange tension stress: 

fb = (71.3 X 12181.6) + (166 x 121122) 
= 26.8 ksi < 0.9 x 36 = 32.4 ksi 

I. Shear connectors (for full composite action): 

Try %-in. dia. x 3%-in. studs: 

Max. stud dia. (unless located directly over the web): 

2.5tf = 2.5 X 0.450 

= 1.13 in. > 0.75 in. o. 

Total horizontal shear: 

Equation (14-1): 

Vt, = 0.85 x f:AA,12 = 0.85 x 3 x (4 - 96) - - 490 kips 
2 
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Equation (14-2): 

Tabulated max Vh (steel) = 234 kips 

Vh = A&I2 = 13.0 x (3612) = 234 kips governs 

N = Vh/q = 234111.5 = 20.3 

Use: 42 - %-in. dia. x 395411. studs, equally spaced (21 each 
side of the point of maximum moment)*, W21~44 ,  A36. 

Design the composite beam in Ex. 15 using 2-in. formed steel deck 
with ribs running perpendicular to the beam. 

Given: 

Same data as Ex. 15, except to = 2 in. 

Solution: 

A. Bending moments: 

1. Construction loads: 

4-in. slab + deck + mesh = 0.041 kip/ft2 
Steel (assumed) =o.007 

0.048 kip/ft2 x 8 ft = .384 
kips/ft 

MD = 62.2 kip-ft 

2. Loads applied after concrete has hardened 
(from Ex. 15): 

0.128 kip/ft2 

ML = 166 kip-ft 

3. Maximum moment: 

IM,, = MD + ML 

= 62.2 + 166 = 228 kip-ft 

4. Maximum shear: 

V = 8 (0.048 + 0.128)36/2 = 25.3 kips 

. Check effective width of concrete slab: 

b = (114)L = % x 36 x 12 = 108 in. 
b = s = 8 x 12 = 96 in. governs 

C. Required section moduli: (for F, = 36 ksi) 

For MD+,: S, = (12 x 228)/24 = 114 im3 

ForMD: Ss=(12x62.2) /24=31.1 in .3  

- 

"Partial composite action could be used to reduce the number of studs (see Ex. 
16, step J). 
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D. Select section and determine properties: 

Y2 = 2 + 1 = 3 i n .  

A, = (9619) (2) = 21.33 in.2 

Enter selection table for 

St (required) = 114 h3 

Select W21X44 trial section, since 

Str = 122 with Y2 = 3 and A,, = 20 < A"," = 160 

From Tables of Properties for Designing W shapes (Part 1): 

S, = 81.6 in.3, A, = 13.0 in.2, tf = 0.450 in. 

I, = 843 in.4, d = 20.66 in., t, = 0.350 in. 

Calculate composite section properties: 

1. From table (Y2 = 3 and A,, = 21.33) by interpolation. 

S,  = 122.7 in.3 

1, = 2273 in.4 

2. Add correction by Eqs. 9,10 (optional) 

t = 2 i n .  

I, = 2278 in.4 

S,  = 123 in.3 

)Sb = 18.52 in. 

3. Compute directly (optional) 

Itr = 2290 in .4 

S,  = 123 in.3 

)Sb = 18.6 in. 

E. Check concrete stress: 

St = 2290/(20.66 + 4 - 18.6) = 378 in.3 

f ,  = (166 x 12)/(378 x 9) = 0.59 ksi < 1.35 ksi o.k. 

F. Check steel stresses: 

Total load: S, = 123 in.3 > 114 h3 o.k. 

Dead load: S, = 81.6 in.3 > 31.1 in.3 o.k. 

:. fb  is 0.k. 

Web shear f ,  = 25.31(20.66 x 0.350) 
= 3.50 ksi < 14.5 ksi o. 

eam is not coped; block shear does not control. 

AMEPUCAN INSTITUTE OF STEEL C O N S ~ ~ ~ T I O N  
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6. Check deflection: 

A,, = ~ , ~ ~ / 1 6 1 Z ~  = (62.2 x 36')/(161 x 843) 
= 0.59 in. < 1% in. o.k. 

A,, = ~ ~ L ~ / 1 6 1 1 ,  = (166 x 36')/(161 X 2290) 
= 0.58 in. < Ll360 = (36 x 12)/360 = 1.20 in. o.k. 

(Long-term creep deflection is not considered significant.) 

H. Check bottom flange tension stress: 

= 25.3 ksi < 0.9 Fy = 32.4 ksi o.k. 

I. Shear connectors (for full composite action): 

Try %-in. dia. x 3x411. studs: 

Max. stud dia. (unless located directly over the web): 

2.5tf = 2.5 x 0.450 = 1.13in. >0.75in. o. 

Total horizontal shear: 

Equation (14-1): 

Vh = 0.85 X fLA,/2 
(2 96) - 245 kips = 0.85 X 3 X - - 

2 
Equation (14-2) : 

Tabulated max. Vh (steel) = 234 kips governs 
36 

Vh = AsFy/2 = 13.0 x - = 234 kips 
2 

Calculated stud reduction factor: 
6" , ribspacing 

3/4" dia. x 3W'studs p -1 

Assume N, = 1 and Hs = 3% in. 

Given: h, = 2 in., w, = 2% in. 

Reduction Factor = 

q = (11.5 x 0.80) = 9.2 kips 

Use: 52 - %-in. dia. x 3%-in. studs (26 each side of mid 
span) 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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J. Shear connectors (for partial composite action):* 

Solve Equation (12-1) for VL: 

= 143 kips > ?h X 234 = 58.5 kips oak. 

Use: 30 - %-in. dia. 3x411. studs (15 each side of mid- 

Spacing: 

Studs must be placed in the deck ribs; therefore, stud spacing 
must be in 6 in. multiples. Additional studs or "puddle welds" 
must be used, as required, so that the space between deck at- 
tachments (welds or studs) does not exceed 16 in. Space studs 
as shown below. 

C Beam 

3/4"diam.x31 

M. Check deflection with partial composite action: 

Effective moment of inertia: 

VL = 9.2 x 15 = 138 kips 

A,, (partial) = 2290 x 0.58 
1954 

36 x 12 
= 0.68 in. < Ll360 = - 

360 

= 1.20 in. o.k. 

*When the beam selected by the designer has a section modulus St, greater thar 
the required section modulus, even by a small amount, the number of shea~ 
connectors can be reduced substantially by using the partial composite action 
provisions of the Specification. Reducing the number of shear connectors bj 
10 to 30% will usually reduce S, by only 3 to 10%. Live-Ioad deflection will be 
increased slightly because of the corresponding reduction in the moment of in. 
ertia. 
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Design shear connectors for the composite beam shown below. 
Specification 
Reference 

Given: 
18 kips 18 kips 

Slab thickness, t = 4 in. 
F, = 36 ksi 
ff = 3.0 ksi 
n = 9  
b = 70 in. 
Stud diameter = 7 s  in. 

Solution: 

A. Calculate moments and design the beam and shear connectors 
as in previous examples: 

M,, (at mid-span) = 191 kip-ft 

M (at concentrated load point) = 177 kip-ft 

Beam = W18X40, F, = 36 ksi 

Nl = 27 - %-in. dia. x 2%-in. studs required between 
the maximum and zero moment points. 

B. Solve for N2 (number of studs required between concentrated 
load and zero moment point): 

= 21 - %-in. dia. x 2x411. studs 

Equation 
(14-5) 

%e stud spacing must be adjusted to place 21 studs between the concentrated load 
and the end of the beam (zero moment point). The balance (N, - N2 = 6 studs) are 
placed between the concentrated load and the beam centerline (maximum moment 
point), as shown below. 

If the term MPIM,, is less than unity, or if calculation of N2 results in fewer shear 
connectors required between the concentrated load and the zero moment point than 
would be required by spacing Nl uniformly between the maximum and zero moment 
points, then Equation (14-5) does not apply. 



Given: 
Neutral axis in concrete 

Determine transformed section properties for a 70% composite beam: W14x22, 
F, = 36 ksi. Use formed steel deck with ribs running perpendicular to beam h, = 2; 
concrete cover to = 4.5 in.; normal weight concrete (n = 9) fi = 3.5 ksi; effective 
width b = 72 in. 

W14x22: d = 13.74 in. 
A, = 6.49 in. 
I, = 199 in.4 
S, = 29 in.3 

Solution: 

A. Fully composite 

(assuming t = to = 4.5 in.) 

Enter Composite Beam Selection Tables and interpolate: 

f,, = 881 h4 

9, = 54.1 in.3 

yb = 881154.1 = 16.3 in. 

since Yb > (d + h,) = 15.74 (or equivalently, (bln) to = 36 > 
Azy = 25.6 for h, = 2) a part of the concrete is in tension and 
must be disregarded: 

t = h - gb = (13.74 + 2 + 4.5) - 16.3 = 3.94 in. 

alternately solve directly for t: 

t = 6.49 I -1 +dl  + (2[8] /6.49) ([13.74/2] + 2 + 4.5) 
8 1 = 3.92 in. 

Y2 = 2 + 4.5 - (3.9212) = 4.54 in. 

A,,, = (7219) (3.92) = 31.3 in.2 

From tables interpolate: 

4, = 900 ina4 

S, = 55 in.3 

Optional: 

add thickness correction terms 

I, = 900 + (1112) (31.3) (3.92' - 1) = 937 in.4 

S,, = (9371900) 55 = 57.3 i n 3  

yb = (937157.3) = 16.35 in. 

y, = h - yb = 13.74 + 2 + 4.5 - 16.35 = 3.9 in. 

St = 93713.9 = 240 h3 
AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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. 70% composite 

v, = 
0.85 (3.5) (3.92) (72) = 422 kips 

2 
or 

V, = 6.49 x 3612 = 116.8 kips steel governs 

VL = 0.7 V, = (0.7) 116.8 = 81.8 kips 

I,, = 199 + (937 - 199) = 816 in.4 

S ,  = 29 + (57.3 - 29) = 52.7 in.3 

yeff = 816152.7 = 15.5 in. 

ASD 
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Equation 
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As = 88.3 h2 Is = 20300 h4 max Vh (steel) = 1589 kips for Fy = 36 ksi 36x300 / 
d = 36.7 In. S. = 1110 ln? m u  V,, (steel) = 2208 kips for Fr = 50 ksi 

N 36x280 As = 82.4 h2 Is = 18900 h4 max Vh (steel) = 1483 kips for Fy = 36 ksi 
d = 36.5 In. S, = 1030 h3 max Vh (steel) = 2060 kips for Fy = 50 ksi 

h,, In.C max &, ln." a 

0 752 502 463 430 401 376 354 334 317 301 251 
2 1669 1336 1113 954 835 742 668 607 556 417 
3 7007 3504 2336 1752 1401 1168 1001 876 584 

=Y2 = distance from top of steel beam to concrete centroid 
b&t, = transformed effective concrete area 

= (bln) t for full composite 



Shape 

A, = 76.5 ln.' I, = 17300 ln4 rnax Vh (steel) = 1377 kips for Fy = 36 ksi 
d = 36.3 In. Ss = 953 ln3 rnax Vh (steel) = 1913 kips for F, = 50 ksi 

As = 72.1 ln.' I, = 16100 ~ n . ~  rnax Vh (steel) = 1298 kips for Fy = 36 ksi 
d = 36.1 In. Ss = 895 rnax Vh (steel) = 1803 kips for F, = 50 ksi 

rnax &,, in.' a 

650 434 400 372 347 325 306 289 274 260 217 
1445 1156 963 826 722 642 578 525 482 361 

6068 3034 2023 1517 1214 1011 867 758 506 
I 

aY2 = distance from top of steel beam to concrete centroid 
b&tr = transformed effective concrete area 

= (bln) t for full composite 
= height of steel deck ribs 

':ax &, = maximum transformed effective concrete area based on full concrete thickness t = I. for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

COMPOSITE EAM SELECTION TABLE 
Transformed Section 

As = 67.6 h2 I, = 15000 ln? max Vh (steel) = 1217 kips for F, = 36 ksi 
d = 35.9 In. S, = 837 ~ n . ~  max vh (steel) = 1690 k i ~ s  for F, = 50 ksi I 

max A,,, ~n.' I 
607 404 373 347 324 303 286 270 255 243 202 

1349 1079 899 771 674 599 539 490 450 337 
5665 2832 1888 1416 1133 944 809 708 472 

$1.8 h2 I, = 13200 ln? max Vh (steel) = 1 1  12 kips for F, = 36 ksi 

*Y2 = distance from top of steel beam to concrete centroid 

b&r = transformed effective concrete area 
= (bln) t for full composite 

=h, = height of steel deck ribs 
*max & = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

A, = 57.0 h2 I, = 12100 ~ n . ~  rnax Vh (steel) = 1026 kips for Fy = 36 ksi 
d = 36.5 In. S, = 664 ln? max Vh (steel) = 1425 kips for F, = 50 ksi 

1 

rnax A^,. In.Z 

As = 53.6 ln.' I, = 11300 ln4  max Vh (steel) = 965 kips for Fy = 36 ksi 
d = 36.3 In. S, = 623 ~ n . ~  rnax Vh (steel) = 1340 kips for F, = 50 ksi 

rnax Ar, ln2 

aY2 = distance from top of steel beam to concrete centroid 

& = transformed effective concrete area 
= (bin) t for full composite 

'h, = height of steel deck ribs 
dmax ht, = maximum transformed effective concrete area based on full concrete thickness t = I, for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents ,& range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

N 36x170 
- 

As = 50.0 ln.' k = 10500 h4 max Vh (steel) = 900 kips for F, = 36 ksi 
16.2 In. $ = 580 h3 rnax Vh (steel) = 1250 kips for ky = 50 kssl 

Y2, In.a 

2.00 3.00 3.25 3.50 3.75 4.00 4.25 4.50 14.75 15.00 6.00 

26653 28300 28724 29153 29587 30027 30471 30920 &&f 3f&&-"'j3E2( 
780 810 817 825 832 840 848 855:+@@;$$@-% 

23955 25328 25681 26039 26401 26767 27137 27511 27890 28272 29841 
761 788 795 802 809 816 823 830 837 845 87~ 

21 507 22630 22919 23212 23508 23807 241 10 24416 24726 25039 2632f 
741 765 771 777 784 790 797 803 810 816 84: 

20589 21619 21884 22152 22423 22698 22975 23256 23540 23827 2500f 
732 755 761 767 773 779 785 792 798 804 83 

19468 20383 20618 20857 21098 21342 21589 21838 22091 22346 2339f 
721 742 748 754 759 765 771 777 782 788 81: 

18066 18838 19037 19238 19442 19648 19856 20067 20279 20495 2137: 
705 725 730 735 740 745 750 756 761 766 781 

16265 16853 17004 17158 17313 17469 17628 17789 17951 18115 18786 
683 699 703 707 712 716 721 725 729 734 75: 

13863 14206 14294 14383 14474 14565 14658 14752 14846 14942 1533: 
647 658 661 663 666 669 672 675 678 681 69. - .  

rnax A,.. . In.Z a 

As = 47.0 1, = 9750 h4 max Vh (steel) = 846 kips for F,, = 36 ksi 
d = 36.0 In. S, = 542 ~ n . ~  max Vh (steel) = 1175 kips for F, = 50 ksi 

Y2, ha 
b, ~n.' b,e - 

2.00 3.00 3.25 3.50 3.75 4.00 14.25 14.50 14.75 ( 5 0 0  I 6 0 0  

200 24997 26558 26960 27367 27778 28194 
731 759 766 773 780 787 

100 22554 23865 24203 24545 24890 25240 
713 739 746 752 759 765 772 779 786 793 82 

60 20302 21383 21662 21943 22228 22517 22808 23103 23401 23703 2494: 
695 718 724 730 736 742 748 754 761 767 79. 

50 19450 20443 20699 20958 21220 21485 21753 22024 22299 22576 2371! 
687 709 715 720 726 732 738 744 750 756 78 

40 18401 19288 19516 19747 19981 20217 20456 20698 20942 21190 2220! 
676 697 703 708 713 719 724 730 736 741 76. 

30 17081 17832 18025 18221 18419 18619 18822 19027 19234 19444 2030, 
662 681 686 691 696 701 706 71 1 716 721 74. 

20 15366 15942 16090 16240 16392 16545 16700 16857 17016 17177 1783( 
641 657 661 665 669 673 678 682 686 691 70. 

10 13051 13389 13476 13564 13653 13744 13835 13927 14020 14115 1450: 
607 617 620 623 626 629 631 634 637 640 65, 

h,, In.' rnax A,=~,, lm2 

0 423 282 260 242 226 212 199 188 178 169 141 
2 940 752 627 537 470 418 376 342 313 235 
3 3949 1974 1316 987 790 658 564 494 329 

aY2 = distance from top of steel beam to concrete centroid 
b& = transformed effective concrete area 

= (bln) t for full composite 
= height of steel deck ribs 

::ax .& = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents 4, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

Y 36x150 A, = 44.2 h2 I, = 9040 rnax Vh (steel) = 796 kips for Fy = 36 ksi 
d = 35.9 In. S, = 504 In? rnax Vh (steel) = 1105 kips for F, = 50 ksi 

Y2, In.a 

2.00 3.00 3.25 3.50 3 .7514.0014.2514.5014.75150016.00 
--rr ^ 

23428 24907 25288 25674 26064 v&@apel@p%&&@pm 
684 710 71 7 724 731 !-:Xm: isst . - J K%iE - A rb, 

21217 22469 22792 231 18 23449 23783 24121 24463 24808 25158 26594 
668 693 699 705 712 718 724 731 737 744 77l 

19149 20189 20457 20728 21002 21279 21560 21844 22131 22421 23612 
651 674 679 685 691 697 702 708 714 720 74C 

18358 19317 19563 19813 20066 20322 20581 20842 21107 21374 22472 
644 665 671 676 682 687 693 699 704 710 73' 

17380 18237 18458 18682 18908 19137 19369 19603 19839 20079 21062 
635 654 660 665 670 675 681 686 691 697 71: 

16137 16867 17055 17246 17438 17633 17830 18029 18231 18435 19272 
621 639 644 649 653 658 663 668 673 678 691 

14508 15071 15216 15362 15511 15661 15813 15966 16121 16278 1692: 
601 617 620 624 629 633 637 641 645 649 66; 

12278 12612 12697 12784 12872 12961 13051 13142 13234 13327 13705 
568 579 582 584 587 590 593 596 599 602 6 1 ~  

max &tr, 

396 264 244 226 211 198 186 176 167 158 132 
881 705 587 503 440 391 352 320 294 220 

3700 1850 1233 925 740 617 529 462 308 

As = 39.7 h2 I, = 7800 rnax Vh (steel) = 715 kips for Fy = 36 ksi 
d = 35.6 In. S, = 439 rnax Vh (steel) = 993 kios for F, = 50 ksi 

rnax A,,, h2 

=Y2 = distance from top of steel beam to concrete centroid 
& = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

&, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

?Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

COMPOSITE EAM SELECTION 
Transformed Section Properties 

As = 65.0 ln.* I, = 12800 rnax Vh (steel) = 1170 kips for Fy = 36 ksi 
d = 33.9 In. S = 757 h3 rnax Vh (steel) = 1625 kips for F, = 50 ksi 

h,, In.' max kg, In.' a 

0 551 368 339 315 294 276 259 245 232 221 184 
2 1233 986 822 704 616 548 493 448 411 308 
3 5191 2595 1730 1298 1038 865 742 649 433 

I 

As = 59.1 lm2 I, = 11500 l n4  rnax Vh (steel) = 1064 kips for Fy = 36 ksi 
d = 33.7 In. S, = 684 h3 max Vh (steel) = 1478 kips for F, = 50 ksi 

rnax btr, In.' 

498 332 306 284 265 249 234 221 210 199 166 
1113 891 742 636 557 495 445 405 371 278 

4690 2345 1563 1173 938 782 670 586 391 
I 

aY2 = distance from top of steel beam to concrete centroid 

b&,, = transformed effective concrete area 
= (bin) t for full composite 

Oh, = height of steel deck ribs 
&t, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents hr range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



As = 41.6 ln.' Is = 7450 ~ n . ~  max Vh (steel) = 749 kips for F, = 36 ksi 
d = 33.3 In. S, = 448 ln? max Vh (steel) = 1040 kips for F, = 50 ksi 

Y2, In.a 

200 3.00 3.25 3.50 375 4.0014.25 4.50 4.75 15.00 6.00 

19445 20764 21 104 %@$ &?$$'&?Lf &6-&?&: 28&$j23@3& 25t3 
606 631 637 >."--" ":@@I tt&& &% -@# Ff 

17677 18802 19093 19387 19685 19986 20291 20600 2091 3 21 229 2253 
593 616 622 628 634 640 646 652 658 665 69 

16000 16941 17184 17430 17679 17931 18186 18444 18706 18970 2005 
578 600 605 611 616 622 627 633 639 644 66 

15352 16222 16447 16674 16904 17137 17373 17612 17853 18098 1910 
572 593 598 603 608 614 619 625 630 636 65 

14546 15327 15529 15733 15940 16149 16361 16575 16792 17012 1791 
564 583 588 593 598 603 608 613 619 624 64 

13515 14183 14355 14530 14706 14885 15066 15249 15435 15622 1639 
552 570 574 579 584 588 593 598 603 607 62 

12150 12667 12800 12936 13073 13211 13351 13493 13637 13782 1438 
535 550 554 558 562 566 570 574 578 582 5.5 

10255 10564 10643 10724 10806 10889 10972 11057 11143 11230 1158 
506 516 519 522 524 527 530 533 536 539 55 

max A,-,,, ~n.' 

A, = 38.3 ln.' I, = 6710 ln? max Vh (steel) = 689 kips for F, = 36 ksi I 
d = 33.1 In. < = 406 h3 max Vh (steel) = 958 kips for F', = 50 ksi 

1 

aY2 = distance from top of steel beam to concrete centroid 
bA,.t, = transformed effective concrete area 

= (bln) t for full composite 
'h, = height of steel deck ribs 

&, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

As = 34.7 h2 I, = 5900 ln? rnax Vh (steel) = 625 kips for F,, = 36 ksi 
d = 32.9 In. S. = 359 ln? rnax VA (steel) = 868 k i ~ s  for F., = 50 ksi 

rnax A,,, 1n.2 

A, = 34.2 Inz k = 4930 ln? rnax Vh (steel) = 616 kips for F, = 36 ksi 
d = 30.0 In. 6 = 329 ln? rnax Vh (steel) = 855 kips for 6 = 50 ksi 

I 

A 
- 

- 
- 

- - 

- 

P 
- 

- 
- 

- 
aY2 = distance from top of steel beam to concrete centroid 
'& = transformed effective wncrete area 

= (bin) t for full composite 
Oh, = height of steel deck ribs 

br = maximum transformed effective concrete area based on full wncrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 

AMERICAN INSTWUTE OF STEEL CONSTRUCTION 

Y2, ha 

2.00 3.00 3.25 3.50 3.75 4.00 4.25 4.5014.75 5.00 6.00 

11234 11997 12194 12394 12597 12803 13011 13222 13436 13653 14546 
435 453 458 463 467 472 477 482 487 492 512 

10265 10910 11077 11247 11418 11592 11769 11947 12128 12312 13068 
425 442 446 450 455 459 464 468 473 477 496 

9554 10113 10258 10405 10554 10705 10858 11013 11169 11328 11984 
416 432 436 440 444 448 452 457 461 465 483 

8581 9023 9137 9253 9371 9490 9611 9733 9857 9982 10500 
403 417 420 424 427 431 435 438 442 446 461 

7946 8311 8406 8502 8599 8697 8797 8898 9000 9104 9532 
394 406 409 412 415 418 421 425 428 431 445 

7168 7439 7509 7580 7653 7726 7800 7875 7950 8027 8345 
380 390 392 395 398 400 403 406 408 411 42; 

rnax A+, ~ n . ~  



Shape 

As = 31.7 In k = 4470 ln? rnax Vh (steel) = 571 klps for Fy = 36 ksl 
d = 29.8 In. Ss = 299 h3 rnax Vh (steel) = 793 k~ps for Fy = 50 ksi 

Y2, ha 
br, 1n.2 b'e 

2.00 13.00 13.25 13.50 13.75 1400 4.25 4.50 4.75 5.00 600 

:&@+:3*x A ~ S  I&& $@@ 
* ":** <@@ ; :* y: $&&,,"4& 
1 %'I"$ 13551 13786 ;fd@& -t@& 

409 428 433 437 442 447 452 457 462'; rUFF"*":4& 
60 10410 1 1  132 11319 11509 11701 11896 12093 12293 12496 i2701 13541 

401 418 422 427 431 436 440 445 450 455 47. 
40 9533 10149 10309 10470 10634 10801 10969 11139 11312 11487 1220! 

391 407 412 416 420 424 428 433 437 441 45: 
30 8883 9419 9558 9699 9842 9987 10134 10282 10433 10586 1121! 

384 399 403 406 410 414 418 422 426 430 44 
20 7980 8407 8518 8630 8744 8859 8976 9094 9214 9335 983( 

372 385 388 392 395 398 402 406 409 413 424 
15 7384 7739 7831 7924 8018 8114 8211 8309 8409 8510 892! 

363 374 377 380 383 387 390 393 396 399 41. 
10 6646 691 1 6979 7049 71 19 7191 7263 7336 741 1 7486 779( 

350 360 362 365 367 370 372 375 377 380 39 

0 236 158 145 135 126 118 1 1 1  105 100 95 79 
2 536 429 357 306 268 238 214 195 179 134 
3 2272 1136 757 568 454 379 325 284 189 

As = 29.1 ln.' k = 3990 h4 rnax Vh (steel) = 524 kips for Fy = 36 ksi 
d = 29.7 In. Ss = 269 h3 rnax Vh (steel) = 728 kips for F,, = 50 ksi 

350 364 367 371 375 378 382 386 390 394 40. 
20 7347 7758 7864 7972 8081 8192 8305 8418 8534 8650 913: 

339 351 354 358 361 364 368 371 374 378 39, 
15 6793 7136 7225 7315 7406 7499 7593 7688 7784 7881 828. 

331 342 344 347 350 353 356 359 362 365 32 
10 6098 6356 6422 6490 6559 6628 6699 6770 6843 6916 721; 

319 328 330 333 335 337 340 342 345 348 35, 

h,, In.' rnax &, lnz 

0 216 144 133 123 115 108 102 96 91 86 72 
2 490 392 326 280 245 218 196 178 163 122 
3 2075 1037 692 519 415 346 296 259 173 

a ~ 2  = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

&, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'shaded area represents &r range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



BLE 

Shape 

As = 26.4 In." I, = 3620 max Vh (steel) = 475 kips for F, = 36 ksi 
d = 29.5 In. S, = 245 max Vh (steel) = 660 k i ~ s  for F., = 50 ksi 

h,, In.' I max &,, 

A, = 30.0 In." I, = 3620 max Vh (steel) = 540 kips for Fy = 36 ksi 
d = 27.1 In. S, = 267 max Vh (steel) = 750 kips for F, = 50 ksi 

I 

h,, In.' 

0 
2 
3 

max A+,. in." 

L 

' Y 2  = distance from top of steel beam to concrete centroid 
b&tr = transformed effective concrete area 

= (bin) t for full composite 
= height of steel deck ribs 

':ax &, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



- - 

Shape 

A, = 27.7 ln.' I, = 3270 ~ n . ~  max Vh (steel) = 499 kips for Fy = 36 ksi 
d = 26.9 In. S, = 243 h3 max Vh (steel) = 693 kips for Fy = 50 ksi 

I 

rnax A+-. h2 

I: 
As = 24.8 in.' k = 2850 ~ n . ~  max Vh (steel) = 446 kips for Fy = 36 ksi 
d = 26.7 In. S, = 213 ~ n . ~  rnax Vh (steel) = 620 kips for F, = 50 ksi 

max A^... In.z 

L 

aY2 = distance from top of steel beam to concrete centroid 
b ~ m ,  = translormed effective concrete area 

- ( b  n) t for lull composite 
= height of steel deck ribs ' k x  = maximum transformed effective concrete area based on full concrete thickness I = to lor elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

4 = 22.4 In2 I, = 2100 h4 rnax Vh (steel) = 403 kips for F, = 36 ksi 
d = 23.9 In. S, = 176 h3 rnax Vh (steel) = 560 kips for Fy = 50 ksi 

I 

rnax htr, ~ n . ~  * 

As = 20.1 lm2 I, = 1830 ~ n . ~  max Vh (steel) = 362 kips for F, = 36 ksi 
d = 23.7 In. S, = 154 rnax \ 

I 
Ih (steel) = 503 kips for 6 = 50 ksi 

'2 In a 

I 
rnax A,,, h2 

L 

= distance from top of steel beam to concrete centroid 
= transformed effective concrete area 
= (bin) t for full composite 

'h, = he~ght of steel deck ribs 
dmax 4, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

A, = 18.2 In.' I, = 1550 rnax Vh (steel) = 328 kips for Fy = 36 ksi 
d = 23.7 In. S, = 131 max Vh (steel) = 455 kips for F, = 50 ksi 

1 Y2. In.a 

max &, In! a 

-- I 
= 1350 rnax Vh (steel) = 292 kips for F, = 36 ksi 

, = 114 rnax Vh (steel) = 405 kips for F, = 50 ksi 

Y2. In.a 

rnax A ,̂,. 1n.2 

I 
= distance from top of steel beam to concrete centroid 
= transformed effective concrete area 
= (bin) t for full composite 

'h, = height of steel deck ribs 
& = maximum transformed effective wncrete area based on full wncrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents br range wherein elastic neutral axis falls within the wncrete slab (h, = 0) 



CO S ION LE 
ct perti 

Shape I 
W 21 x62 As = 18.3 1 n . 9 ~  = 1330 max Vh (steel) = 329 kips for Fy = 36 ksi 

d = 21.0 In. S, = 127 in3 max Vh (steel) = 458 kips for Fy = 50 ksi 

Y2, In.* 
/&*, h2 b*e 

2.00 13.00 13.25 13.50 13.75 14.00 4.25 14.50 4.75 15.00 

; q*: @~Q'Q~$~@:F && - u"*-A":@& :Afgf44. ;*X$q 
-:&@a& ;$@&: 37% 

" ' : ;  2 $ @  
4063 4156 4251 :$&3 

173 183 186 189 191 194 197 200 2032:&'t% 
30 3107 3403 3480 3559 3639 3721 3804 3888 3974 4062 

170 180 183 185 188 191 194 196 199 202 
20 2824 3072 3137 3203 3271 3339 3409 3480 3553 3626 

166 175 178 180 182 185 187 190 192 195 
15 2618 2832 2889 2946 3004 3063 3123 3185 3247 3310 

162 171 173 175 178 180 182 185 187 189 
10 2340 2508 2553 2597 2643 2689 2737 2785 2834 2883 

157 164 166 168 170 172 174 176 178 181 
5 1944 2046 2072 2100 2127 2156 2184 2213 2243 2273 

148 153 154 158 157 158 160 161 163 164 

h,, In.c max /&,r, in.' 

0 96 64 59 55 51 48 45 43 40 38 
2 229 183 152 131 114 102 91 83 76 
3 988 494 329 247 198 165 141 123 

W 21 x57 / As = 16.7 In.' C = 1170 max Vh (steel) = 301 kips for F, = 36 ksi 
d = 21 .I In. S, = 11 1 max Vh (steel) = 418 k i ~ s  for F, = 50 ksi 

' Y 2  = distance from top of steel beam to concrete centroid 
b ~ , t ,  = transformed effective concrete area 

= (bin) t for full composite 

max /&,, In.Z a 

76 

'h, = height of steel deck ribs 
A,-tr = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



- - 

Shape 

As = 14.7 ln.' & = 984 ln? max Vh (steel) = 265 kips for Fy = 36 ksi 
d = 20.8 In. S, = 95 ln? max Vh (steel) = 368 kips for Fy = 50 ksi 

I 

- - 
As = 13.0 in.' I, = 843 ln? 
d = 20.7 In. S, = 82 in? 

h,, In.' 

0 
2 
3 

max Vh (steel) = 234 kips for Fy = 36 ksi 
max Vh (steel) = 325 kips for F, = 50 ksi 

I 
aY2 = distance from top of steel beam to concrete centroid 
& = transformed effective concrete area 

= (bin) t for full composite 



COMPOSlT 
Transformed Section Properties 

Shape 

W 18x60 

max A,. ln.' 

max &,, In? 

42 39 37 35 33 31 29 24 
119 102 90 80 72 65 60 45 
391 260 195 156 130 112 98 65 

EY2 
= distance from top of steel beam to concrete centroid 

Ach = transformed effective concrete area 
= (bin) t for full composite 

'h, = height of steel deck ribs 
kr = maximum transformed effective concrete area based on full wncrete thickness f = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents &, range wherein elastic neutral axis falls within the wncrete slab (h, = 0) 



Shape 

As = 14.7 ln* Is = 800 ln? rnax Vh (steel) = 265 kips for Fy = 36 ksi 

d = 18.0 In. S, = 89 h3 max Vh (steel) = 368 kips for Fy = 50 ksi 

I Y2. ha 
d r ,  ~n.' b*e 

loo &&& 
j$.@' 

60 2232 
125 

40 2103 
123 

30 1995 
122 

20 1826 
119 

15 1699 
117 

10 1520 
113 

5 1251 
106 

h,, In.' 

0 66 
2 

- - 

92 81 72 65 59 
235 176 141 118 101 

max Vh (steel) = 243 kips for F, = 36 ksi 
rnax V; (steelj = 338 kips for F~ = 50 ksi 

I I 

rnax ACb, 

41 38 35 33 30 29 27 26 
149 119 99 85 74 66 60 54 

650 325 217 162 130 108 93 

*Y2 = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bln) t for full composite 
'h, = heiaht of steel deck ribs 

&, = m&imum transformed effective concrete area based on full wncrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents &, range wherein elastic neutral axis fails within the wncrete slab (h, = 0) 



Shape 

As = 11.8 ln.2 Is = 612 rnax Vh (steel) = 212 kips for Fy = 36 ksi 
d = 17.9 In. S, = 68.4 rnax Vh (steel) = 295 kips for Fy = 50 ksi 

I 
- 
*- 

5 "  

. x 
^ ^ 

- 

I In. 

rnax A,,. h2 

AZ 
rnax Vh (steel) = 185 kips for F, = 36 ksi 
rnax Vh (steel) = 258 kips for F, = 50 ksi 

t ~ .  ~n.' I max A+. 1n.2 

L 

aY2 = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bln) f for full composite 
'h, = height of steel deck ribs 

&tr = m&imum transformed effective concrete area based on full concrete thickness f = I,, for elastic neutral axis 
to be below the top of the steel deck 

%haded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

As = 10.6 I, = 448 max Vh (steel) = 191 kips for Fy = 36 ksi 
d = 15.9 In. S, = 56.5 max Vh (steel) = 265 kips for Fy = 50 ksi 

I 

h,, In.' max &,, In.' a 

0 42.0 28.0 25.9 24.0 22.4 21.0 19.8 18.7 17.7 16.8 14.0 
2 105.3 84.2 70.2 60.1 52.6 46.8 42.1 38.3 35.1 26.3 
3 463.4 231.7 154.5 115.9 92.7 77.2 66.2 57.9 38.6 

I I I I 

As = 9.1 I, = 375 max Vh (steel) = 164 kips for Fy = 36 ksi 
d = 15 9 In. S, = 47.2 h3 max Vh (steel) = 228 k i ~ s  for F, = 50 ksi 

1 L 
9'2 = distance from top of steel beam to concrete centroid 
b&, = transformed effective concrete area 

= (bln) t for full composite 
'h, = height of steel deck ribs 

&t, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 



Shape 

As = 7.68 ln.' I, = 301 ~ n . ~  max Vh (steel) = 138 kips for Fy = 36 ksi 
d = 15.69 In. Ss = 38.4 ln3 max Vh (steel) = 192 kips for Fy = 50 ksi 

I 

- 

- 

1 
As = 11.20 ln.' Is = 385 ~ n . ~  rnax Vh (steel) = 202 kips for Fy = 36 ksi 
d = 14.10 In. S, = 54.6 ln3 max Vh (steel) = 280 kips for Fy = 50 ks~ 

i 

rnax &,, lm2 

' ~ 2  = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bin) t for full composite 
'h, = heiqht of steel deck ribs 



Shape 

M 14x34 As = 10.00 Is = 340 max Vh (steel) = 180 kips for Fy = 36 ksi 
d = 13.98 In. Ss = 48.6 In3 max Vh (steel) = 250 kips for Fy = 50 ksi 

I 

maw A .̂.. In.' " I 

As = 8.85 I, = 291 rnax Vh (steel) = 159 kips for Fy = 36 ksi 
d = 13.84 In. S, = 42.0 max Vh (steel) = 221 kips for Fy = 50 ksi 

I I 

max br, In." I 

' Y 2  = distance from top of steel beam to concrete centroid 

, = transformed effective concrete area 
= (bln) t for full composite 
= height of steel deck ribs 

':ax &r = maximum transformed effective concrete area based on full mncrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

?3haded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

SELECTION TABLE 

A, = 7.69 I, = 241 max Vh (steel) = 138 kips for Fy = 36 ksi 
d - 13.91 In. S, = 35.3 rnax Vh (steel) = 192 kips for Fy = 50 ksi 

A, = 6.49 In." k = 199 h4 rnax Vh (steel) = 117 kips for Fy = 36 ksi 
d = 13.74 In. Ss = 29.0 max Vh (steel) = 162 kips for F, = 50 ksi 

max A .̂. . In.Z a 

' Y 2  = distance from top of steel beam to concrete centroid 
, = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

&!, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area reDresents ranqe wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

As = 8.79 h2 k = 238 rnax Vh (steel) = 158 kips for F, = 36 ksi 
d = 12.34 In. S, = 38.6 h3 rnax Vh (steel) = 220 kips for F, = 50 ksi 

As = 7.65 ln.* Is = 204 ln? rnax Vh (steel) = 138 kips for Fy = 36 ksi 
d = 12.22 In. S, = 33.4 ~ n . ~  rnax Vh (steel) = 191 k i ~ s  for F., = 50 ksi 

rnax A,,, 1n.2 

' Y 2  = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

&, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

?Shaded area represents 4, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

As = 6.48 ln.' I, = 156 ln? max Vh (steel) = 117 kips for F,, = 36 ksi 
d = 12.31 In. S, = 25.4 h3 max Vh (steel) = 162 kips for F, = 50 ksi 

max Pk,, ln.' 

16.9 11.3 10.4 9.7 9.0 8.5 8.0 7.5 7.1 6.8 5.6 
45.0 36.0 30.0 25.7 22.5 20.0 18.0 16.4 15.0 11.3 

202.3 101.2 67.4 50.6 40.5 33.7 28.9 25.3 16.9 

aY2 = distance from top of steel beam to concrete centroid 
b&r, = transformed effective concrete area 

= (bln) t for full composite 

'h, = height of steel deck ribs 
&, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents &r range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

W 12x16 As = 4.71 In.' I, = 103.0 max Vh (steel) = 85 kips for Fy = 36 ksi 
d = 11.99 In. S, = 17.1 max Vh (steel) = 118 kips for Fy = 50 ksi 

As = 4.16 Is = 88.6 In? max Vh (steel) = 75 kips for Fy = 36 ksi 
d = 11.91 In. Ss = 14.9 In? max Vh (steel) = 104 kips for Fy = 50 ksi 

'Y2 = distance from top of steel beam to concrete centroid 
b&h = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 
*max = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 

to be below the top of the steel deck 
'Shaded area represents &, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

W 10x26 A, = 7.61 ~ n . ~  I, = 144.0 h4 max Vh (steel) = 137 kips for Fy = 36 ksi 
d = 10.33 In. S, = 27.9 ln3 max Vh (steel) = 190 kips for Fy = 50 ksi 

I 

max A+-. h2 

4 = 6.49 ln.' I, = 118.0 h4 max Vh (steel) = 117 kips for Fy = 36 ksi 
d = 10.17 In. S = 23.2 h3 max Vh (steel) = 162 kips for F, = 50 ksi 

80 

50 

35 

25 

20 

15 

10 

5 

h,, In.' rnax A,.. In." a 

' Y 2  = distance from top of steel beam to concrete centroid 

& = transformed effective concrete area 
= (bin) t for full composite 
= height of steel deck ribs 

':ax 4, = maximum transformed effective concrete area based on fuli concrete thickness I = f, for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents &r range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

W 10x19 As = 5.62 lm2 Is = 96.3 In? rnax Vh (steel) = 101 kips for Fy = 36 ksi 
d = 10.24 In. S, = 18.8 ln? rnax Vh (steel) = 141 k i ~ s  for F, = 50 ksi 

h,, In.' max &,, ~n.' 

0 14.4 9.6 8.9 8.2 7.7 7.2 6.8 6.4 6.1 5.8 4.8 
2 40.0 32.0 26.7 22.9 20.0 17.8 16.0 14.6 13.3 10.0 
3 182.5 91.3 60.8 45.6 36.5 30.4 26.1 22.8 15.2 

As = 4.99 lm2 I, = 81.9 In? rnax Vh (steel) = 90 kips for Fy = 36 ksi 
d = 10.1 1 In. S. = 16.2 lm3 rnax Vh (steel) = 125 kios for 17, = 50 ksi 

=Y2 = distance from top of steel beam to concrete centroid 
b&r = transformed effective concrete area 

= (bln) t for full composite 
= height of steel deck ribs 

':ax = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral n i s  
to be below the top of the steel deck 

'Shaded area represents kr range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



As = 4.41 Is = 68.9 lm4 max V, (steel) = 79 kips for Fy = 36 ksi 
d = 9.99 In. Ss = 13.8 h3 max Vh (steel) = 110 kips for Fy = 50 ksi 



Shape 

As = 8.25 Is = 98.0 rnax Vh (steel) = 149 kips for Fy = 36 ksi 
d = 8.06 In. Ss = 24.3 rnax Vh (steel) = 206 kips for F, = 50 ksi 

0 16.6 11.1 10.2 9.5 8.9 8.3 7.8 7.4 7.0 6.6 5.5 
2 49.7 39.8 33.2 28.4 24.9 22.1 19.9 18.1 16.6 12.4 
3 232.0 116.0 77.3 58.0 46.4 38.7 33.1 29.0 19.3 

As = 7.08 In.' k = 82.8 ln? max Vh (steel) = 127 kips for Fy = 36 ksi 
d = 7.93 In. Ss = 20.9 rnax Vh (steel) = 177 kips for F, = 50 ksi 

I 

aY2 = distance from top of steel beam to concrete centroid 
b&tr = transformed effective concrete area 

= (bin) t for full composite 
'h, = helght of steel deck ribs 

&tr = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents br range wherein elastic neutral axis fails within the concrete slab (h, = 0) 



Shape 

As = 6.16 In.' Is = 75.3 max Vh (steel) = 11 1 kips for F,, = 36 ksi 
d = 8.28 In. Ss = 18.2 max Vh (steel) = 154 kips for F, = 50 ksi 

h,, In.' max lm2 

0 12.8 8.5 7.8 7.3 6.8 6.4 6.0 5.7 5 4  5.1 4.: 
2 37.8 30.3 25.2 21.6 18.9 16.8 15.1 13.8 12.6 9.5 
3 175.9 880 58.6 44.0 35.2 29.3 25.1 22.0 14.i 

As = 5.26 In.' k = 61.9 max Vh (steel) = 95 kips for F, = 36 ksi 
d = 8.14 In. Ss = 15.2 max Vh (steel) = 132 kips for F, = 50 ksi 

hr, In.' max &,, ln.' a 

0 10.7 7.1 6.6 6.1 5.7 5.4 5.0 4.8 4.5 4.3 3.6 
2 31.9 25.5 21.3 18.2 16.0 14.2 12.8 11.6 10.6 8.0 
3 148.8 74.4 49.6 37.2 29.8 24.8 21.3 18.6 12.4 L 

aY2 = distance from top of steel beam to concrete centroid 
b&, = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

&,, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents 4, range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

& = 4.44 ln.' Is = 48.0 h4 max Vh (steel) = 80 kips for Fy = 36 ksi 
d = 8.1 1 In. S, = 11.8 h3 max Vh (steel) = 1 1  1 kios for F,, = 50 ksi 

hr,  In.' max &, ln.* 

0 9.0 6.0 5.5 5.1 4.8 4.5 4.2 4.0 3.8 3.6 3.0 
2 26.9 21.5 17.9 15.4 13.4 11.9 10.8 9.8 9.0 6.7 
3 125.3 62.6 41.8 31.3 25.1 20.9 17.9 15.7 10.4 

As = 3.84 ln.' Is = 39.6 lm4 max Vh (steel) = 69 kips for F, = 36 ksi 
d = 7.99 In. Ss = 9.9 h3 max Vh (steel) = 96 kips for ,(, = 50 ksi 

'Y2  = distance from top of steel beam to concrete centroid 
4 = transformed effective concrete area 

= (bin) t for full composite 
'h, = height of steel deck ribs 

4, = maximum transformed effective concrete area based on full concrete thickness t = to for elastic neutral axis 
to be below the top of the steel deck 

'Shaded area represents br range wherein elastic neutral axis falls within the concrete slab (h, = 0) 



Shape 

W 8x10 A, = 2.96 ln.' Is = 30.8 ln? max Vh (st 
d = 7.89 In. Ss = 7.8 h3 max Vh (st 

Y2, In 
qcb, h2 b,e 

2.00 1 3.00 1 3.25 1 3.50 1 3.75 1 4.00 

aY2 = distance from top of steel beam to concrete centroid 
b&t, = transformed effective concrete area 

= (bin) t for full composite 
'h. = heiaht of steel deck ribs 

- 
eel 
eel - 
a 

) = 53 kips for F,, = 36 ksi 
) = 74 kips for F, = 50 ksi 

dn&x = m4murn transformed effectwe concrete area based on full concrete th~ckness t = to for elastlc neutral axls 
to be below the top of the steel deck 

'Shaded area represents &, range wherem elastic neutral a m  falls w~th~n the concrete slab (h, = 0) 
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ornenclature 
E = Modulus of Elasticity of steel at 29,000 ksi. 
I = Moment of Inertia of beam, in.4. 
L = Total length of beam between reaction points ft. 
M,, = Maximum moment, kip in. 
M1 = Maximum moment in left section of beam, kip-in. 
M2 = Maximum moment in right section of beam, kip-in. 
M3 = Maximum positive moment in beam with combined end moment condi- 

tions, kip-in. 
M, = Moment at distance x from end of beam, kip-in. 
P = Concentrated load, kips 
PI = Concentrated load nearest left reaction, kips. 
P, = Concentrated load nearest right reaction, and of different magnitude than 

PI, kips. 
R = End beam reaction for any condition of symmetrical loading, kips. 
R1 = Left end beam reaction, kips. 
R2 = Right end or intermediate beam reaction, kips. 
R3 = Right end beam reaction, kips. 
V = Maximum vertical shear for any condition of symmetrical loading, kips. 
V, = Maximum vertical shear in left section of beam, kips. 
V2 = Vertical shear at right reaction point, or to left of intermediate reaction 

point of beam, kips. 
V3 = Vertical shear at right reaction point, or to right of intermediate reaction 

point of beam, kips. 
V, = Vertical shear at distance x from end of beam, kips. 
W = Total load on beam, kips. 
a = Measured distance along beam, in. 
b = Measured distance along beam which may be greater or less than a, in. 
I = Total length of beam between reaction points, in. 
w = Uniformly distributed load per unit of length, kipstin. 
wl = Uniformly distributed load per unit of length nearest left reaction, kipslin. 
w, = Uniformly distributed load per unit of length nearest right reaction and of 

different magnitude than wI, kipslin. 
x = Any distance measured along beam from left reaction, in. 
xl = Any distance measured along overhang section of beam from nearest reac- 

tion point, in. 
A,, = Maximum deflection, in. 
A = Deflection at point of load, in. 
A, = Deflection at any point x distance from left reaction, in. 

AXI = Deflection of overhang section of beam at any distance from nearest reac- 
tion point, in. 



The formulas given below are frequently required in structural designing. They 
are included herein for the convenience of those engineers who have infrequent use for 
such formulas and hence may find reference necessary. Vanation from the standard 
nomenclature on page 2 - 293 1s noted. 

Flexural stress at extreme fiber: 
f = Mc/I = MIS 

Flexural stress at any fiber: 
f = My/I y = distance from neutral axis to fiber. 

Average vertical shear (for maximum see below) : 
v = V/A = V/dt (for beams and girders) 

Horizontal shearing stress at any section A-A: 
v = VQ/I b Q = statical moment about the neutral axis of the entire 

section of that portion of the cross-section lying out- 
side of section A-A, 

b = width a t  section A-A 
(Intensity of vertical shear is equal to that of horizontal shear acting normal to it  

a t  the same point and both are usually a maximum a t  mid-height of beam.) 
Slope and deflection at any point: 

E I e  = M x and y are abscissa and ordinate respectively of a point 
dxa on the neutral axis, referred to axes of rectangular co- 

ordinates through a selected point of support. 
(First integration gives slopes; second integration gives deflections. Constants 

of integration must be determined.) 

Uniform load: ~a A + 2Mb 
I1 

Concentrated loads: 

Considering any two consecutive spans in any continuous structure: 
Ma. Mb, MC = moments a t  left, center, and right supports res~ctivelv. of anv - - - 

pair of adjacent spans. 
& and k = length of left and right spans respectively, of the pair. 
11 and IZ = moment of inertia of left and right spans respectively. 
wl and wz = load per unit of length on left and right spans respectively. 
PI and PZ = concentrated loads on left and right sDans res~ectivelv. 
a; and a; = distance of concentrated loads from ieft s u ~ b r t  in left and rieht * - 

spans respectively. 
- 

bl and bz = distance of concentrated loads from right support in left and right 
spans respectively. 

The above equations are for beams with moment of inertia constant in each span 
but differing in different spans, continuous over three or more supports. By writing 
such an equation for each successive pair of spans and introducing the known values 
(usually zero) of end moments, all other moments can be found. 



- 
Coeff. 

Simple Beam 
Beam Eixed One End 
Supported at Other 

0.0703 
0.1250 
0.3750 
0.6250 
0.0054 
1 .OQOO 
0.4151 

0.1563 
0.1875 
0.3125 
0.6875 
0.0093 
1.5000 
0.4770 

0.2222 
0.3333 
0.6667 
1.3333 
0.0152 
2.6667 
0.4381 

P P P P  

gative moment (kip-ft.): Deflection coeff. for equivalent simple 

0.3600 
0.6000 
1.4000 
2.6000 
0.0265 
4.8000 
0.4238 

simple span uni 

- 

for 

Beam Fixed Both Enc 

0.2000 
0.4000 
- 

2.0000 
0.0130 
3.2000 
0.3120 

m load (kips): 





ic loading conditions 
For meaning of symbols, see page 2 - 293 

4. SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED 

wb RI = V,. (max. when a < c) . . = ~ ( 2 c  f b )  

wb 
R2 = Va (max. when a  > c) . . = ; i ~ -  (2a+b) 

VX ( w h e n x > a a n d < ( a + b )  

. . . .  Mmax.(atx=a++) = R a ( a + z )  

. . . . .  Mx (when x  < a) = RIX 

M~ (when x  > a  and < (a + b)) . = RIX - (x-a) l  2  

M~ (whenx > (a+ b)) . . . .  = RI (1-x) 

Moment 

5. SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED AT ONE END 

Rl = V l  max. 
wa . . . . . .  . . = (21-a) 

wait 
R z = V a .  . . . . . . . . .  =- 21 

~1 V, (whenx<a)  . . . . .  =RI-WX 

R12 
~ m a x . ( a t x = + )  . . . . .  =-- 2w 

wxz 
Mx  (when x <  a) . . . . .  

V2 
= R I X - ~  

. . . . .  Mx ( w h e n x > a )  = R a ( l - x )  

WX . . . . .  Ax (when x  < a) = 24EIl(a~(21-a)2-2ax.(el-a)+~x~' I 
war(;-x) . . . . .  ( w h s n x > a )  =-(4~1-2xz-a2) 

Moment 

6. SIMPLE BEAM-UNIFORM LOAD PARTIALLY DISTRIBUTED AT EACH END 
- R l = V a . .  - 

wla(21- a) + w a d  . . . . . . . .  21 
wrc(2l- c) + s l a t  

R a = V a . .  . . . . . .  . . =  2 1  

. . . . .  Vx (whenx<a)  = = R ~ - w l x  

Re Vx (whenx>aand<(a+b) )  . = R n - w l a  

. . .  Vx ( w h e n x > ( a + b ) ) .  =R~-w*( I -x)  

R12 
Mmax. (a tx=R 'whenRa<wl ;a )  W I  . =% 

M max. (at x  = 1  -%when Ra < wac) = 
wa 

wax2 
M x  (whenx < a) . . . . .  = R n x - 7  

Mx  (whenx>aand  < (a+b)) . = R I X - ~  (2x-a) 
Moment 

2  
wr (1-x)* . . . .  M x  (whenx>(a+b) ) .  = Ra(1-x)-------- 2  



7. SIMPLE BEAM-CONCENTRATED LOAD AT CENTER 

. . . . .  Total Equiv. Uniform Load = 2P 

P . . . . . . . . . . .  R = V  = -  
2 

. . . . .  P6 = - 
4 

1 Px . . . .  Mx ( w h e n x < ? . ) .  = -  2 

. . . . .  PI' 
Amax. (at point of load = - 

48EI 

. . . . .  Px 
Moment 

AX ( when x < 1. = w ( 3 / 1 - 4 ~ q  

8. SIMPLE BEA MCENTRATED LOAD AT ANY POINT 

I k . 4  Total Equiv. Uniform Load 

RI = VI max. when a < b ( 
R2 = ~a(rnax. when a > b 

M max.( a t  point of load 

) 
) 

at  point of load 

AX ( when x < a 

. . 

when 

8 Pab =- 
12 

Pb =- 
I 

- ' Pa -- 
I 

Pa b =- 
I 

Pbx =- 
I 

- Pab (a + 2b) 2/ 3a (a + 2b) 
27 E l  I 

Paabz =- 
3EI I 

= s ( / 2 - b * - x a )  

EQUAL CONCENTRATED LOADS 
RIGALLY PLACED 

8 Pa . . . . . .  Total Equiv. Uniform Load - I 

R = V  . . . . . . . . . . .  = P  

M max. between loads) . . . . . .  Pa ( 
Mx (when x < a) . . . . . =  Px 

Pa 
. . . . . . . . .  amax. (at center) - (31" 4a¶) 

24EI 

. . . . . . .  Ax (when x < a) ~ ( 3 l a - 3 a . - x a )  
6EI 

Ax ( w h e n x > a a n d < ( l - a ) ) .  . =*(3lx-3xr-aa) 
6EI 



For meaning ofsymbols, see page 2 - 293 

10. PEE BEAM-T 
U N S  

. . . . .  ( 
P 

RZ = V t  max. when a < b) - I ( l - a f b )  

. . . .  ) = I ( [ - b + a )  1 

Vx ( w h e n x > a a n d < ( l - b ) ) ,  . =;(b-a) 

. . . .  MI (max. when a > b ) = R l a  

. . . . .  M a x .  w e  a < b) Rab 

M x  (whenx < a )  . . . . . .  = R lx  

Mx  ( w h e n x > a a n d < ( l - b ) ) .  . = R t x - P ( x - a )  

CONCENTRATED LOADS 
Y PLACED 

- Ra=Vz - 
P i  (I-a) + Pzb . . . . . . . . . . .  1 

- R = = V =  - Pla + Pa ( 1  - b) . . . . . . . . . . .  1 

Vx (when x > a and < (1- b)) . . = RI - P i  

) . . . =  R i a  

. . .  Mz (max. when R2 < Pa) = Rab 

. . . . . .  Mx (when x < a) = R i x  

Moment Mx (when x > a a n d  < (I-b)) . . = Rlx-PI (x-a) 

T ONE END, SUPPORTED AT OTHER- 
LY DlSTRl BUTED LOAD 

. . . . .  Total Equiv. Uniform Load = w l  
3wl . . . . . . . . .  R i = V a . .  =- 8 

5wl . . . . . . . . .  R, R t  = Vz max. = - 
8 

. . . . . . . . . . . .  Vx = RI-wx 
w1= 

Wl max. =-  . . . . . . . . . . .  8 
3 

MI ( h t ~ = ~ l )  
9 

= wla . . . . . . .  
wxz 

Mx  . . . . . . . . . . . .  = R I X - ~  

A ( a  = 1 + = 4215)  . = 185EI 

WX 
Ax . . . . . . . . . . . . .  = ---- (13 -31x2 +2x 48EI 



For meaning of symbols, see page 2 .. 293 

END, ORTED AT OTHER- 
TED AT CENTER 

3P 
Total Equiv. Uniform Load . . . . =  - 

2 

58 
R a = V a .  . . . . . . . . .  =- 16 

11P Rs = Va max. . . . . . . . . =  - 
16 

3Pl a t  fixed end) . . . . . =  - 
16 

5Pl a t  point of load) . . . . =  - 
32 

. . . . . .  5 Px 
=- 16 

1 l l x  . . . .  Mx   when^>^). =P(;--) 

PI3 P I  = 
= .44721) . . = - = .009317- 

48EI 21% El 

7PIJ . . .  d ) .  =- 
768El 

Px . . . . .  =- 96EI (3ts - 5x21 

PPORTED AT OTHER- 
LOAD AT ANY POINT 

MI (at point of load . . . .  = Rza 

. . . . .  Pab 
(at fixed end) = -- ( a f l )  211 

. . . . .  MX (when x <a)  = R ~ X  

. . . . .  Mx (whenx>a)  = Rax-?@-a) 

Amax. (when a < ~ 1 4 1  a t  x = 

Amax. (when a > .4141atx=I 

. . . .  Paaba ' A (at point, load = - 12Etls (31+a) 

Pb2x . . . . . .  Ax (when x < a) (3alZ-21x1-axI; 



BEA 
For various staati 

For meanmg of symbols, see page 2 - 293 

BOTH ENDS-UNIFORMLY DISTRIBUTED 
LOADS 

2wI 
Total Equiv. Uniform Load . . . .  = 7 

wI 
R = V  . . . . . . . . . .  =- 2 

Vx . . . . . . . . . . .  = w(g-x) 
w1= 

M max.( a t  ends ) . . . . . .  = - 12 

wl' 
(at center) . . . . . .  = - 24 

. . . . . . . . . . .  M x  = ( 6 1 ~ -  12-6x2) 12 
WI* 

Amax. (at center) . . . . . .  = - 384El 
wxz . . . . . . . . . . .  A x  =-(I-x)Z 24EI 

16. BEAM FIXED AT BOTH NDS-CONCENTRATED LOAD AT 
CENTER 

. . .  Total Equiw. Uniform Load 

R = V  . . . . . . . . .  
M max. (at center and ends . . 1 

. . . .  Mx (whenx < '> 
. . . . .  ~\max. (at center) 

I . . . .  ax  (whenx < F )  

17. BEAM FIXED AT OTH EN BS-CONCENTRATED LOAD AT 
ANY POINT 

. . .  RI = V ,  max. when a < b) ( 

. . .  R 2 = V 1  rnax. when a > b) ( 

. . .  MI (man. whena < b ) 

. . .  MZ (max.whena > b ) 

. . .  Ma ( at  point of load ) 
. . . . .  Mx (whenx < a )  

amax. (when a > b a t  x = &) . 
. . .  aa ( at  point of load 1 

. . . . .  ax (when x < a) 

Pb" 
= 7 (3a + b) 

Pa2 =-  Is (a + 3b) 

Pabz =- 
I" 

Pazb =- 
I' 

2Paab2 =- 
I= 

Pab2 
= R1x-[, 

2Paabz 
- 3EI (3a + b)a 

Palbs =- 
3EI la 

=- !Err: (3al- 3ax - bx) 



For meanlng of symbols, see page 2 - 293 

18. CANTILEVER BEAM-LOAD lNCR ASING UNIFOR 

Total Equiv. Uniform Load . . . .  
R = V  . . . . . . . . . .  = W  

R 
. . . . . . . . . . .  v x  = w e  

1' 

t ( . . . . .  W l  
M max. atfixed end) =- 3 

v 
Wx3 

Mx . . . . . . . . . . .  =- 312 

I - ~ l 3  Amax. (at free end) . . . . . .  - 
15EI 

W . . . . . . . . . . .  A =-- 60EI12 (x5- 514x+41s) 

19. CANTILEVER BEAM-UNIFOR LY DISTRIBUTED LOAD 

. . . .  Total Equiv. Uniform Load = 4wl 

w1= M max.(atfixed end) . . . . . =  - 
t 2 
v 
A wx2 

Mx . . . . . . . . . . .  =-- 2 

I Amax. (at free end) -- WP . . . . .  - 8EI 

. . . . . . . . . . .  Ax =*(x4-41ax+314) 

20. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT NOT 
ROTATE AT OTHER-UNIFORMLY DISTRIBUTED LOAD 

8 = - w l  Total Equiv. Uniform Load . . . .  
. . . . . . . . . .  R = V  = w l  

. . . . . . . . . . .  v x  = wx 
w12 

M max. (at fixed end) . 
MI (at deflested end 

Mx . . . . . . . . . . .  
wI4 . . . .  Amax. (atdefleeted end) = ---- 24EI 

- u. Ax - w (l'-XZ)Z . . . . . . . . . . .  24EI 



For various static loading conditio 
For meanlng of symbols, see page 2 - 293 

21. CANTILEVER BEA -CONCENTRATED LOAD AT ANY POINT 

8Pb . . . . .  Total Equiv. Uniform Load - 
I 

R = V  . . . . . . . . . .  = P  

R M rnax.(atfixed end) . . . . .  = pb 

Mx ( w h e n x > a ) .  . . . .  = P ( x - a )  

Amax. (atfreeend) . . . . .  = z ( 3 1 - b )  

) . . . .  Pba Aa (at point of load = - 
3EI 

AX (when x <a)  . . . . .  = z ( 3 i - 3 x - b )  

P (i-x)Z . . . . .  ax (when x > a) =- 6EI (3b- I+ x) 

22. CANTILEVER BEAM-CONCENTRATED LOAD AT FREE END 

. . . .  Total Equiv. Uniform Load = 8P 
IP 

. . . . . . . . . . .  Mx = Px 

Pi3 . . . .  amax. (at f reeend) = - 3EI 

111. . . . . . . . . . . . .  ax = L ( 2 i 3 - 3 / 2 x + x 3 )  6EI 

23. BEAM FIXED AT ONE END, FREE TO DEFLECT VERTICALLY BUT 
NOT ROTATE AT OTHER-CONCENTRATED LOAD AT DEFLECTED END 

Total Equiv. Uniform Load . . . .  = 4P 

. . . . . . . . .  a R = V  = P  

M max.( at both ends 
P i  ) . . . . = -  2 

. . . . . . . . . . .  MX = P ( i - X )  

PI3 
Amax. (at deflected end) . . . .  = ----- 12EI 

P (1-x)Z . . . . . . . . . . .  Ax =- 12EI (1 +ex) 



2 - 304 

For meaning of symbols, see page 2 - 293 

(between supports ) 
(for overhang ) 

(between supports ) 
(for overhang . . ) 
(between Supports) 

(foroverhang) . . 

25. BEAM OVERHANGING ONE SUPPORT-UNIFORMLY 
DISTRIBUTED LOAD O N  OVERHANG 

waa 
RI=VIL . . . . . . . . +  =- 21 

w a  
Ra=vl+va . . . . . . .  ==(2l+a)  

. . . . . . . . . . .  va = wa 

. . . .  Vx, (for overhang) = w (a -xd  

waa 
M max.(at R ~ )  . . . . . .  -- 2 

wazx 
Mx  (between supports) . . = - 21 

) . . . .  Mxl (for overhang - - - ( a - ~ a ) ~  

between supportsat x= 

Amax. (for overhang a t  xs = a) . = (41 + 3a) 

) 
waax 

ax (between supports . . - 12EI 1 (12-xz) 

. . . .  Ax, (for overhang) = 5 24EI (4azl+6a~xr4axiz+xr 



For meanlng of symbols, see page 2 - 293 

26. BEAM OVERHANGING ONE S U  PPORT-CONCENTRATED 
LOAD AT END O F  OVERHANG 

Pa 
R t = V a  . . . . . . . . .  =- 1 

P 
R a = V z + V a  . . . . . . .  =- ( [+a)  1 
Va . . . . . . . . . . .  = P 

. . . . . .  M max.(at R.) = Pa 
Pax 

Mx (between supports) . . = - 1 

. . . .  Mx, (for overhang) = P (a-XI) 
I dH) = -$& = .tJ6415 !%!? Amax. (between su pports a t  x =- El  

Amax. (for overhang a t  xn = a) . = -!?? 3EI ( 1  +a) 
Pax 

Ax (between supports) . . = - (12 - x.) 6E l l  
Pxi . A (tor overhang) . . . . -  - 6EI (2al-k 3axr -x12) 

27. BEAM OVERHANGING ONE SUPPORT-UNIFORMLY 
DISTRIBUTED LOAD BETWEEN SUPPORTS 

. . .  Total Equiv. Uniform Load = w l  

w l  
R = V . .  . . . . . . . .  =- 2 

. . . . . . . . . . .  VX = w(f -X) 

( . . . . .  w1= 
M max. a t  center) = - 

8 
WX 

x . . . . . . . . . . .  =-(I-X) 2 
5wlr . . . . .  Amax. (atcenter) = - 38481 
WX . . . . . . . . . . .  Ax = - (la-21x2 + x') 

24El 
wl'xl 

Axl . . . . . . . . . .  =- 
Moment 24EI 

28. BEAM OVERHANGlNG ONE SUPPORT-CONCENTRATED 
LOAD AT ANY POINT €TWEEN SUPPORTS 

8Pab 
Total Equiv. Uniform Load . . . =  -- 12 

Moment 

. . .  RI = Va (max. when a < b = 

. . .  ) - Ra=~a(max.  when a > b - 

- . . .  M rnax.( a t  point of load ) - 

Aa j a t  point of load ) . . .  = 

~b - 
1 

Pa - 
I 

Pa b - 
1 

Pbx - 
1 

Pab (a + 2b) d 3a (a + 2b) 
27EI 1 

Pa%= - 
3EI 1 
Pbx (12-bz-xa) 

Pa (1-x) (21x-xr-a2) 
6EI 1 

Pabxr 
rn ( l +  =) 



For meaning of symbols, see page 2 - 293 

29. CONTINUOUS BEAM-TWO EQUAL S 
ON ONE SPAN 

Total Equiv. Uniform hod  = 4 9 w [  64 
7  

R%=Va . . . . . . . .  - w [  16 

. . . . . .  5 
R3 Ra=V&Va - w I  8 

Ro=Vs . . . . . . .  = -  .J- w l  
7 16 
V YI . . . . . . .  - w l  9 

16 

7 
16 

;2 wl' a t x = - 1 )  . . = - 

a t  support Rr) . = & w l r  

W X  
when x < l )  . . = - (71 -8x) 

16 
A Max. (0.472 1  from RI) = 0.0092 w P I E I  

30. CONTINUOUS CONCENTRATED 
LO 

13 
Total Equiv. Uniform Load . = -g- P 

13 . . . . . . . .  R, Ra=\lr - P  32 
11 . . . . . .  Ra=Va+Vs - P  16 
3 

V, Ro=Vs . . . . . . .  =-- 32 

19 
V1 . . . . . . . . =  - P  32 

13 
Rll rnax. (at point of load) . = PI  

M ~1 (at support R*) . = & P I  

A Max. (0.480 1 from R1) = 0.015 P P I E I  

31. CONTINUOUS BE NS-CONCENTRATED 



For meaning of symbols, see page 2 - 293 

32. BEAM-UNIFORMLY DISTRIBUTED LOAD AND VARIABLE END MOMENTS 

33. BEAM-CONCENTRATED LOAD AT CENTER AND VARIABLE END MOMENTS 



I For various static loa 
For meanlng of symbols, see page 2 - 293 

34. CONTINUOUS BEAM-THREE EQUAL SPANS-ONE END SPAN UNLOADED 
wl wl 

A Max. (0.430 1 from A) = 0.0059 wl4/El 

35. CONTINUOUS BEAM-THREE EQUAL SPANS-END SPANS LOADED 

A Max. (0.479 1 from A or 5 )  = 0.0099 wP/El 
--  -- 

36. CONTINUOUS BEAM-THREE EQUAL SPANS-ALL SPANS LOADED 

0.400 wl 0.400 wl 
SHEAR 

I A Max. (0.446 1 from A or D) = 0.0069 wP/El 



For meaning of symbols, see page 2 - 293 

37. CONTINUOUS BEAM-FOUR EQUAL SPANS-THIRD SPAN UNLOADED 

w2 W E  wl 

A Max. (0.475 1 from E) = 0.00)4 wl4/EI 

38. CONTINUOUS BEAM-FOUR EQUAL SPANS-LOAD FIRST AND THIRD SPANS 

39. CONTINUOUS BEAM-FOUR EQUAL SPANS-ALL SPANS LOADED 



For various come 
The values glven ~n these formulas do not Include Impact wh~ch vanes accord~ng to the requfrements of each case For meanlng 

of symbols, see page 2 - 293 

40. SIMPLE BEAM--ONE CONCENTRATED MOVING LOAD 

R2 P I  ) . =7 M max. (at point of load, when x = - 

41. SIMPLE BEA -TWO EQUAL CONCENTRATED 
LOADS 

PLE BEAM-TWO UNEQUAL CONCENTRATED MOVING 
LOADS 

( 
I - a  

RI max. = V l  max. a t  x = o . . . . = PI+Pz[ 

[underpl,at x=$(l- 

max. may occur w i th  larg 
ad a t  canter of span a 
ad off span (case 40) 

GENERAL RULES FOR SIMPLE BEAMS CARRYING MOVING 
CONCENTRATED LOADS 

The maximum shear due t o  moving concentrated loads 
occurs a t  onesupport when one of the loads is a t  t h a t  support. 
Wi th several moving loads the location tha t  wil l  produce maxi- 
m u m  shear must be deterhned by trial. 

The maximum bending moment produced by moving con- '' centrated loads occurs under one of the loads when tha t  load 
is as far from one support as the center of gravity of al l  the 
moving loads on the beam is from the other support. 

I n  the accompanying diagram, the maximum bending 
momant occurs under load PI when x = b. It shoujd also be 
noted t h a t  this condition occurs when the center l ~ n e  of the 

Moment span 1s m~dway  between the center of gravlty of loads and the 
nearest concentrated load. 



Equal loads, equally spaced 

Svstem 



MOMENT AND SHEAR CO-EFFICIENTS 
EQUAL SPANS, EQUALLY LOADED 



Given the simple span length, the depth of a beam or girder and the design 
unit bending stress, the center deflection in inches may be found by multi- 
plying the span length in feet by the tabulated coefficients given in the fol- 
lowing table. 

FoFthe unit stress values not tabulated, the deflection can be found by 
the equation 0.00103448 ( ~ ~ f b l d )  where L is the span in ft, fb is the fiber 
stress in kips per sq. in. and d is the depth in inches. 

The maximum fiber stresses listed in this table correspond to the allow- 
able unit stresses as provided in Sects. F1.l and F1.3 of the AISC ASD 
Specification for steels having yield points ranging between 36 ksi and 65 
ksi when Fb = 0.664; and between 36 ksi and 100 ksi when Fb = 0.604. 

The table values, as given, assume a uniformly distributed load. For a 
single load at center span, multiply these factors by 0.80; for two equal con- 
centrated loads at third points, multiply by 1.02. Likewise, for three equal 
concentrated loads at quarter points multiply by 0.95. 

Ratio of 
Depth 

to Span 
1 18 
119 
1/10 
111 1 
1/12 

1/13 
1/14 
1/15 
1/16 
1/17 

1/18 
1/19 
1 120 
1121 
1/22 

1/23 
1/24 
1/25 
1/26 
1/27 

1/26 
1/29 
1 /SO 

Maximum Fiber Stress in Kips Per Sq. In. 
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Column load tables are presented for W, T and S Shapes, Pipe, Structural Tubing 
and Double Angles. Tabular loads are computed in accordance with the AISC Speci- 
fication for Structural Steel Buildings - Allowable Stress Design (ASD), Equations 
(E2-1) and (E2-2), for axially loaded members having effective unsupported lengths 
indicated at the left of each table. The effective length KL is the actual unbraced 
length, in feet, multiplied by the factor K, which depends on the rotational restraint 
at the ends of the unbraced length and the means available to resist lateral 
movements. 

Table C-C2.1 in the Commentary of the AISC ASD Specification is a guide in 
selecting the K-factor. Interpolation between the idealized cases is a matter of engi- 
neering judgment. 

Once sections have been selected for the several framing members, the align- 
ment charts in Fig. 1 (reproduced from the Structural Stability Research Council 
Guide* and including Fig. C-C2.2 of the AISC ASD Commentary) affords a means 
of obtaining more precise values for K, if desired. For column behavior in the inelas- 
tic range, the values of G as defined in Fig. 1 may be reduced by the values given in 
Table A, as illustrated in Ex. 3. 

Load tables are provided for columns of 36-ksi yield stress steel for all shape cat- 
egories. In addition, tables for W, T and S Shapes and for Double Angles are 
provided for 50-ksi yield stress steel, and tables for Structural Tubing are provided 
for 46-ksi yield stress steel. All loads are tabulated in kips. Load values are omitted 
when Kllr exceeds 200. 

The Double Angle and T tables show loads for effective lengths about both 
axes. In all other tables allowable loads are given for effective lengths with respect 
to the minor axis. When the minor axis is braced at closer intervals than the major 
axis, the capacity of a column must be investigated with reference to both major 
( 1 - X )  and minor (Y-Y) axes. The ratio rJrY included in these tables provides a con- 
venient method for investigating the strength of a column with respect to its major 
axis. 

To obtain an effective length with respect to the minor axis equivalent in load 
carrying capacity to the actual effective length about the major axis, divide the 
major axis effective length by the rJrY ratio. Compare this length with the actual ef- 
fective length about the minor axis. The longer of the two lengths will control the de- 
sign and the allowable load may be taken from the table opposite the longer of the 
two effective lengths with respect to the minor axis. 

Properties useful to the designer are listed at the bottom of the column load ta- 
bles. These properties, and footnotes concerning compact sections, are particularly 
helpful in the design of members under combined axial and bending stress as dis- 
cussed below and illustrated in the design examples. 

Additional notes relating specifically to the W, WT and S Shape tables, the 
Steel Pipe and Structural Tubing tables and the Double Angle tables precede each of 
these groups of tables. 

*Johnston, Bruce 6. (ed.)  Guide to Stability Design Criteria for Metal Structures Third Edition, 
John Wiley and Sons, 1976, p. 420. 
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iven: 
Design the lightest ape of F,, = 36 ksi steel, to support a c 
kips. The effective with respect to its minor axis is 16 ft 
with respect to its major axis is 31 ft. 

Solution: 
Enter the appropriate column load table for shapes at effective length of KL = 
16 ft. Since deeper columns are generally mo efficient, begin with the W 14 table 
and work downward, weightwise. 

14x132, good for 708 kips > 670 kips. 

rxlr,, = 1.67 

Equivalent effective length for X-X axis: 

3111.67 = 18.6 ft 

Since 18.6 ft > 16 ft, X-X axis controls. 

Re-enter table for effective length of 18.6 ft to satisfy axial load of 670 kips, select 
14x132 with rxlr, = 1.67. 

polation, the column is good for 679 ki 

Given: 

Design an 11 ft long 12 interior bay column to support a concentrated concentric 
ial and roof load of 540 kips. The column is rigidly framed at the top by 30 ft long 
30x 116 girders connected to each flange. The column is braced normal to its web 

at top and base so that sidesway is inhibited in this plane. Use Fy = 36 ksi steel. 

Solution: 

a. Check Y-Y axis: 

Assume column is pin-connected at top and bottom with sidesway inhibited. 

From Table CC2.1 in the Commentary for condition (d), K = 1.0: 
Effective length = 11 ft 

Enter column load table: 

12x 106 good for 593 kips > 540 kips 0.k. 

b. Check X-X axis: 

1. Preliminary Selection: 

Assume sidesway uninhibited and pin-connected at base 

From Table CC2.1 for condition (f)*: 
K = 2.0. 

Approximate effective Iength relative to X-X axis. 
2.0 x 11 = 22.0 ft 

*Table C-(22.1 gives K values, in most cases on the conservative side; therefore, final selection may 
be made by use of Fig. 1 when determining effective length. 
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SIDESWAY INHIBITED 

0-1 1 1 . 0  

SIDESWAY UNINHIBITED 

Figure 1. The subscripts A and B refer to the joints at the two ends of the column section 
being considered. G is defined as 

in which I; indicates a summation of all members rigidly connected to that joint and lying in the 
plane in which buckling of the column is being considered. I, zk the moment of inertia and LC 
the unsupported length of a column section, and I, is the moment of inertia and Lg the unsup- 
ported length of a girder or other restraining member. Ic and 1, are taken about axesperpendicu- 
lar to the plane of buckling being considered. 

For column en& supported by but not rigidly connected to a footing or foundation, G is 
theoretically infinity, but, unless actually designed as a true friction free pin, may be taken as 
"10" for practical designs. If the column end is rigidly attached to a properly designed footing, 
G may be taken as 1.0. Smaller values may be used if justified by analysis. 

From properties section in Tables, for 

rJrY = 1.76. 

Corresponding effective length relative to the Y-Y axis: 

.'. Effective length for X-X axis is critical. 

Enter column load table with an effective length of 12.5 ft: 

12x106 column, by interpolation, good for 577 kips > 540 kips o. 
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Final Selection: 

Try W12X 106. 

Using Fig. 1 (sidesway uninhibited): 

I, for W12x 106 column = 933 in.4 

I, for W30x 116 girder = 4930 in.4 

G (at base) = 10 (assume supported but not rigidly connected). 

G (at top) = 933111 = 0.258, say 0.26. (4930 x 2)/30 

Connect points GA = 10 and GB = 0.26, read K = 1.75. 

For W12x 106, rxlry = 1.76. 

Actual effective length relative to Y-Y axis: 

1.75 x 11.0 = 10.9 ft < 11.0 ft 
1.76 

Since effective length for Y-Y axis was critical: 

Use: W12 x 106 column 

EXAMPLE 3 

Given: 

Using the alignment chart, Fig. 1 (sidesway uninhib- 
ited) and Table A,  design columns for the bent shown 
(r.), by the inelastic K-factor procedure. Let Fy = 
36 ksi. 

Assume continuous support in the transverse 
direction. 

Solution: 

The alignment charts in Fig. 1 are applicable to elas- 
tic columns. By multiplying G-values times the stiff- 
ness reduction factor E,IE, the charts may be used 
for inelastic columns. Since E,IE = FaIF,', the rela- 
tionship may be written as Ginel,,, = (FJF,') Gelmric 
By utilizing the actual stress in the reduction factor, 
instead of the allowable stress (falF,' instead of 
FaIF,'), a direct solution is possible, using the follow- 
ing steps: 

1. For known value of axial load P ,  select a trial column size: 

Assume W12x 106: 

A = 31.2 in.2; I, = 933 in.4; r, = 5.47 in. 

2. Calculate fa = PIA: 

fa = 560131.2 = 17.95 ksi 
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3. From Table A, determine the reduction factor falFh. For values of fa smaller than 
shown in Table A, the column is elastic, and the reduction factor is 1.0: 

fa@,' = 0.357, by interpolation 

4. Determine Gelastic as in Ex. 2: 

Gelastic (bottom) = 10.0 

5. Calculate Ginelastic = va lF i )  Gelastic: 

Ginelastic (top) = 0.357 (3.32) = 1.19 

6.  Determine K from Fig. 1 using Ginerastic: 

For Gtop = 1.19 and Gbot = 10: 

Read from Fig. 1, K = 1.9 

7. Calculate Kllr: 

8. If Fa 2 fa, column is satisfactory. Check: 

From Table C-36, Fa = 17.19 ksi < 17.95 ksi n.g. 

Try a stronger column. 

1. Try W12X120: 

A = 35.3 in.', I, = 1070 h 4 ,  r, = 5.51 in. 

2. fa = 560135.3 = 15.86 ksi 

3. From Table A: f,lF,' = 0.603 

5. Ginelastic (top) = 0.603(3.80) = 2.29 

6.  K = 2.13 

8. Fa = 16.47 ksi > 15.86 ksi a. 

Use: W 1 2 x  120 
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Loads given in the column tables are for concentrically loaded columns. For columns 
subjected to both axial and bending stress, Sect. H1 of the AISC ASD Specification 
requires that the following equations be satisfied: 

fa c m x f b x  + - + Cmyfby 5 1.0 Equation (HI-1) 
Fa ( 1  - &) Fbx ( I  - &) Fby 

Equation (HI-2) 

Also, when falFa 5 0.15, Equation ( 1-3) may be used in lieu of Equations (HI-1) 
and (HI-2).  

Equation (HI-3) 

For convenience, these equations may be written in the following modified 
forms: 

P + Pi + P,', = required tabular load 

Modified Equation (HI-1) 

P + Pi + P,', = required tabular load 

Modified Equation (HI-2) 

en falFa 5 0.15 

P + Pi  + B,', = required tabular load 

Modified Equation (HI-3) 

In Modified Equation (HI-1),  for the term ( K L ) 2 ,  K is the effective length fac- 
tor and L is the actual unbraced length in the plane of bending. 

Bx and By are, respectively, equal to the area of the column divided by its appro- 
priate section modulus. 

Values for the components ax and a,, equal to (0.149 x l o 6 )  ~ r :  and (0.149 x 
l o 6 )  Ar:, respectively, are listed at the bottom of the load tables in the form of 
aX/1O6 and ~ ~ 1 1 0 ~ .  

bending stress Fb are given in Sects. F1, F2 and F3 
ctions which are not compact are noted in the 

lengths E, and L, are listed. 



Values of FLx (KxLx)2/102 and Fiy (KyLy)2/10Z are also listed in the column load 
tables for use in Equation ( 1-11, where KxLx and KyLy are in feet. 

The design of a beam-column is a trial and error process in which a trial section 
is checked for compliance with Equations (HI-I), (HI-2) and (HI-3). A fast method 
for selecting. an economical trial W- or S-shape section, using an equivalent axial --- -.- 

0 

load, is illustrated in the example problem, uskg Table B and ihe U ialues listed i 
the column properties at the bottom of the column load tables. 

I 1st Approximation 

All shapes 2.4 2.3 2.2 2.2 2.1 2.0 1.9 2.4 2.3 1 2.2 2.0 1.8 1.8 1.7 

Subsequent Approximations 

*Values of m are for Cm = 0.85. When Cm is other than 0.85, multiply the tabular value of m 

The procedure is as follows: 

1. With the known value of KL (effective length), select a first approximate value 
of m from Table B. Let U equal 3. 

2. Solve for Pen = Po + M,m + My mU 

where 

Po = actual axial load, kips 
Mx = bending moment about the strong axis, kip-ft 
My = bending moment about the weak axis, kip-ft 
m = factor taken from Table B 
U = factor taken from column load table 

3. From appropriate column load table, select tentative section to support Pep 

4. Based on the section selected in Step 3, select a "subsequent approximate" 
value of m from Table B and a U value from the column load table. 

5. With the values selected in Step 4, solve for Pm 

6. Repeat Steps 3 and 4 until the values of rn and U stabilize. 
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Given: Po = 200 kips 
M, = 120 kip-ft 
My = 40 kip-ft 
KL = 14 ft 
Fy = 36 ksi 
C,  = 0.85 

Solution: 

1. For KL = 14 ft, from Table B select a "first trial" value of rn = 2.2. 
Let U = 3.0. 

2. Peff = Po + Mxrn + Myrn U = 200 + 120(2.2) + 40(2.2)(3.0) = 728 kips. 

3. From column load tables, select W14x 132 (730 kips). 

4. Select a "second trial" value of rn = 1.7 from Table B and U = 2.47 from column 
load table. 

5. Peff = 200 + 120(1.7) + 40(1.7)(2.47) = 572 kips. 

6. Repeat steps 3, 4 and 5. 

3. Select W14 x 109 (601 kips). 

5. Peg = 200 + 120(1.7) + 40(1.7)(2.49) = 573 kips. 

Use: Wl4 x 109 

Given: 

Check answer in Example 4 by modified equations. 

Solution: 

14x 109, from column load table: 

LC = 15.4 ft > 14.0 ft 

.'. Section is compact. 

Use Fbx = 24 ksi, Fby = 0.75(36) = 27 ksi 

A = 32.0 in.', Pall = 601 kips, ry = 3.73 in. 

B, = 0.185, By = 0.523 

a, = 184.5 x lo6, a, = 66.3 x lo6 

KL = 14 x 12 = 168 in. 

Kllr, = 16813.73 = 45.04 

Fa = 18.78 ksi (Table C-36 on page 3-16) 

P(KL)2 = 200(168)~ = 2.00(1.68)2 x lo6 

odified Equation ( 1-3) is not used, since (2001601) > 0.15. 
PW IN ST^ OF STEEL CONSTRUCTION 
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Req'd tabular load by odified Equation ( 

= 200 + 182.78 + 162.23 = 545 kips 

Required tabular load by Modified Equation ( 

(It:) + [0.185 (120 x 12) P + Pi + P,: = 200 - 

= 170.73 + 208.46 + 174.61 = 554 kips 

Modified Equation (HI-2) requires an axial load of 554 kips. 14x 109 has an allow- 
able axial load of 601 kips and is satisfactory. 

Values of P,,, Pwi, Pwb, and Pfb, listed in the Properties Section of the column load 
tables for W- and S-shapes, are useful in determining if a column web requires stiff- 
eners because of forces transmitted into it from the flanges or connecting flange 
plates of a rigid beam connection to the column flange. When the applied factored 
beam flange force Pbf is equal to or less than the following resisting forces developed 
within the column section, column web stiffeners are n d  required. 

Fyc tf2 
Pbf 5 Pfb = - 

0.16 

where 

Pwb = maximum column web resisting force at beam compression flange, 
kips 

Pfb = maximum column web resisting force at beam tension flange, kips 
P,, = Fyctwc, kipslin. 
P,, = 5 FyctWck, kips 
Fyc = yield strength of column web, ksi 
dc = depth of column web clear of fillets, in. 
k = distance from outer face of column flange to web toe of column fillet, 

in. 
t,, = thickness of column web, in. 
tb = thickness of beam flange or connection plate delivering concentrated 

force, in. 
tf = thickness of column flange, in. 



If the factored force Pbf transmitted into the column web exceeds any one of the 
above three resisting forces, stiffeners are required on the column web. Stiffeners 
must comply with the provisions of AISC ASD Specification Sect. K1.8. 

Given: 

24 x 84 beam are welded to the flange of a 14x 21 1 column trans- 
mitting a moment of 540 kip-ft due to live and dead loads. Determine if stiffeners are 
required for the columns and, if so, make an appropriate design. Beam and column 
are F,, = 36 ksi. 

Solution: 

d = 24.10 in,, tb = 0.770 in. 

Sect. K1.2 

From column load table: 

Pwb = 2058 kips > 448 
Spec. Equation (K1-8) 

AISC ASD Spec. Equation (K1-1) 

P,, + tbPwi = 397 + 0.770(35) APSC ASD Spec. Equation (K1-9) 

= 424 kips < 448 
kips n.g. 

b stiffeners required 

Design web stiffeners according to AISC ASD Specification Sect. K1.8: 

earn data: bf = 9.020 in. tb = 0.770 in. 

Column data: t = 0.980 in., tf = 1.560 in., d = 15.72 in. 

Req'd stiffener area = 448 - 424 = 0.67 in.2 
36 

t 
in. width = Y3 bf - - = Y3 (9.020) - (0.98012) = 2.517 in. Sect. K1.8 

2 

in. thickness = tb/2 = 0.77012 = 0.385 in. Sect. K1.8 

eq'd thickness = 0.6712.517 = 0.266 in. Use % in. 

Req'd width = 0.6710.5 = 1.34 in. Use 4 in. for practical detailing considera- 
tions. 

K -. length = (dI2) - tf 

= (15.7212) - 1.56 = 6.30 in. Use 7 in. Sect. K1.8 

Use: Two PL4x1hx0 ft-7in. 

in. weld size = 5/16 in., based on column web thickness of 

(Table 52.4, AISC ASD Specification Sect. J2.2b). Use E70 electrodes. 
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Req'd length (both 
0.3(70)(.707)(5/16)(1.67) 

- - 448 - 424 = 3.10 in. tvp 
7.75 



The allowable stresses Fa in the tables that follow are tabulated for Kllr from 0 to 200 
for Fy = 36 ksi and Fy = 50 ksi. They are calculated from AISC ASD Specification 
Equations (E2-1) and (E2-2). 



For Compression Memb ified Yield Stress 

KI - Fa 

r (ksi) 
KI - Fa 

r (ksi) 

15.24 

KI - Fa 

r (ksi) 

121 10.14 

It 1 

see Appendix B5. 
Note: C, = 126.1 

KI - Fa 

r (ksi) 

161 5.76 

of Sect. 85.1, 



io exceeds 

- 
- 

L 

noncompact section limits 



Allowable concentric oads in the tables that follow are tabulated for the effective 
lengths in feet K L ,  in icated at the left of each table. They are applicable to axially 
loaded members with respect to their minor axis in accordance with Section E2 of the 
AISC ASD Specification. Two strengths are covered, Fy = 36 ksi and Fy = 50 ksi. 

The heavy horizontal lines appearing within the tables indicate Kllr = 200. No 
values are listed beyond Kllr = 200. 

All sections listed satisfy the noncompact section limits of Sect. B5.1 of the 
AISC ASD Specification with the exception of 14x43 at Fy = 50 ksi. For this col- 
umn, Appendix B5 of the AISC ASD Specification controls the design for effective 
column lengths KL from zero to approximately 2 ft. Beyond this length, Equations 
(E2-1) and (E2-2) apply. 

For discussion of effective length, range of Nr, strength about the major axis, 
combined axial and bending stress, and sample problems, see "Columns, General 
Notes." 

Properties and factors are listed at the bottom of the tables for checking 
strength about the strong axis, combined loading conditions and column stiffener re- 
quirements. 



Y 

Desionation 

U 
Pwo (kips) 
Pwi (kipstin.) 
Pwb (kips) 
Pfb (kips) 
LC (ft) 
L" (ft) 
A (in.') 
I ,  (in.4) 
Iy (in.4) 
ry (in .) 
Ratio r,/r, 
B, Bending I By factors 
a,tl O6 
ayl l  O6 
F;, (K, Lx)2/102 (kips) 
FLY (Ky Ly)2/1 0' (kips) 





Designation 
Wt./ft 

Allowable axial loads in kips 



COLUM 
W shapes 

Allowable axial loads in kips 

Designation 

Zy (im4) 
tj, (in.) 
Ratio &try 
Bx Bending 1 By factors 
axtl O6 
aJ106 ex (Kx LX)'/l O2 (kips) 
FiY (K,, LY)*/1 0' (kips) 



Desianation 

U 
P,, (kips) 
Pwj (kipslin.) 
Pwb (kips) 
Pfb (kips) 
LC (ft) 
L" (ft) 
A (in.') 
Ix (in.4) 
I,, (in.4) 
5 (in.) 
Ratio r,/$ 
B, Bending } By factors 
axil O6 
ay/l 0" 
FLX (K, Lx)2/1 0' (kips) 
F,', (K,, LJ2/1 0' (kips) 

llowable axial loads in kips 

Properties 

tFlange is noncompact; see discussion preceding column load tables. 



8'LE 
S9E 
L'L 
6' CL 
ZOl'1 
COZ'O 
90'E 
16' I 
P' lS 
S8P 
L'PI 

2.86 
09E 
9'8 
9'08 
160' 1 
bOZ'O 
LO'& 
26' 1 
L'LS 
LPS 
9's 1 

2'29 
LLE 
0'9 1 
P'S6 
EE8'0 
P6 1'0 
PP'Z 
SP' z 
LO 1 
OP9 
6'L 1 

8'29 
SLE 
0'8 1 
9'LO 1 
928'0 
P61'0 
PP' z 
9P'Z 
CZ 1 
EZL 
0'02 

8'&9 
8LE 
0'02 
ST311 
028'0 
96 1'0 
PP' z 
8P'Z 
PC 1 
96L 
8' 12 

8'E9 
08E 
1.22 
P'CEL 
EZ8'0 
961'0 
PP'Z 
8P'Z 
8P 1 
288 
C'PZ 



Designation 
Wt./ft 

Prnnnrtins 

Zx (im4) 
Zy (im4) 
& (in.) 
Ratio r,lr, 
B, Bending 1 By factors 
a,ll 0' 
a,ll O6 
Fix (K, Lx)2/1 O2 (kips) 
F,', (Kv LJ2/1 0' (kips) 



Designation 

, , 

; (in.4) 2140 
; (in.4) 664 

(in.) 3.28 
tatio r,lr, 1 .80 
3, Bending } 0.212 
3, factors 0.594 
fJ1 O6 319.5 
1,/106 99.1 
:, (K, Lx)2/1 O2 (kips) 360 
:y (K, LY)'/l 0' (kips) 1 12 



shapes 
Allowable axial loads in kips 

Desianation 

tFlange is noncompact; see discussion preceding column load tables. 



Allowable axial loads in kips 

Y 

*Web may be noncompact for combined axial and bending stress; 
see AlSC ASD Specification Sect. B5.1. 

Note: Heavv line indicates Kl/r of 200. 



Allowable axial loads in kips 



Designation 
Wt./ft 

F" 

U 
Pwo (kips) 
Pw, (kipslin.) 
PWb 

Pfb (kips) 
LC (ft) 
L" (ft) 
A (in.2) 
Zx (in.4) 
Zy (in.4) 
ry (in.) 
Ratio rJrY 
Bx Bending 1 By factors 
ax/l O6 
aJ1 O6 
6, (K, Lx)211 O2 (kips) 
FLY (Ky LY)'/1 0' (kips) 

win 

Note: Heavv line indicates Kl/r of 200. 



Designation 
Wt./ft 

iatio r,/r, 
b Bending 1 3, factors 
1,/1 o6 
?.,/I o6 

shapes 
Allowable axial loads in kips 

tX (K, L,)2/1 O2 (kips) 144 138 
5, (K, Ly)2/102 (kips) 46.6 45.7 

Note: Heavv line indicates Kl/r of 200. 



Allowable axial loads in kips 

Y 

Designation 

L" (ft) 
A (in.') 
zX (in.i) 
Zy ( in4) 
r,, (in.) 
Ratio &/r, 
Bx Bending 1 By factors 
axil O6 
a J l  O6 
kx (Kx LX)'/1 0' (kip! 
FLY (K, 6,)'ll 0' (kip! 

Propert 

7.08 
82.8 
18.3 
1.61 
2.12 

0.339 
1.258 
12.34 
2.73 
121 

26.9 

tFlange is noncompact; see discussion preceding column load tables. 
Note: Heavv line indicates Kl/r of 200. 



shapes 
Allowable axial loads in kips 



Designation 
Wt.1ft 

llowable axial loa 

Y 

Y 
'WO (kips) 
Dw, (kipslin.) 
'wb (kips) 
' fb  (kips) 
LC (ft) 
!" (ft) 
4 (in.') 

(im4) 
5 (im4) 
> (in.) 
3atio $15 
9, Bending 1 9, factors 
211 o6 
8,/1 o6 
Fix (K, LX)'/1 O2 (kips) 
FLY (KyLy)2~102 (kips) 

Note: Heavy line indicates Kl/r of 200. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Allowable concentric loads in the tables that follow are tabulated for the effective 
lengths in feet KL, indicated at the left of each table. They are applicable to axially 
loaded members with respect to their minor axis in accordance with Sect. E2 of the 
AISC ASD Specification. 

For discussion of effective length, range of llr, strength about the major axis, 
combined axial and bending stress, and sample problems, see "Columns, General 
Notes." 

Properties and factors are listed at the bottom of the tables for checking 
strength about the strong axis and for checking combined loading conditions. 

Allowable loads for unfilled pipe columns are tabulated for Fy = 36 ksi. Steel pipe 
manufactured to ASTM A501 furnishes Fy = 36 ksi and ASTM A53, Types E or S, 
Grade I3 furnishes Fy = 35 ksi and may be designed at stresses allowed for F, = 36 
ksi steel. 

The heavy horizontal lines within the table indicate Kllr = 200. No values are 
listed beyond Kllr = 200. 

Allowable loads for square and rectangular structural tubing columns are tabulated 
for Fy = 46 ksi. Structural tubing is manufactured to Fy = 46 ksi under AS 
Gr. B. 

All tubes listed in the column load tables satisfy the noncompact section limits 
in Sect. B5.1 of the AISC ASD Specification. 

The heavy horizontal lines appearing within the tables indicate Kllr = 200. No 
values are listed beyond Kllr = 200. 



Nominal Dia. 
Wall Thickness 

Allowable concentric loads in kips 

36 ksi 

- .-r--.---- 

Area A (in.2) 14.6 11.9 8.40 5.58 4.30 3.17 2.68 2.23 
I (in?) 279 161 72.6 28.1 15.2 7.23 4.79 3.02 
r (ln.) 4.38 3.67 2.94 2.25 1.88 1.51 1.34 1.16 

B ) ~ ~ ~ ~ y “  0.333 0.398 0.500 0.657 0.789 0.987 1.12 1.29 

a/106 41.7 23.9 10.8 4.21 2.26 1.08 0.717 0.447 

Note: Heavy line indicates Kl/r of 200. 



Nominal Dia. 
Wall Thickness 

Wt./ft 

36 ksi 

Area A ( h 2 )  
I (in.4) 
r (in.) 

8) yzg 
a11 O6 

ote: Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 

Nominal Dia. 8 6 5 4 3 
Wall Thickness 0.875 0.864 0.750 0.674 0.600 

Wt./ft 72.42 53.16 38.55 27.54 18.58 

Area A ( h 2 )  

r (in.) 
0.567 

a11 O6 

337 

306 
299 
292 
284 
275 

266 
257 
247 
237 
227 

21 6 
205 
1 93 
181 
168 

142 
119 
102 
88 
76 

67 
60 

roperties 
15.6 
66.3 
2.06 

0.781 

9.86 

36 ksi 

Note: Heavy line indicates Kl/r of 200. 
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Square structural tubing 
Allowable concentric loads in kips 

Nominal Size 
Thickness 

Wt./ft 



Allowable concentric loads in kips @ 
Nominal Size 

Thickness 
Wt./ft 

46 ksi 

328 549 
311 517 
308 510 
305 503 
301 495 
297 487 

293 479 
289 470 
285 461 
280 452 
276 442 
271 432 
266 422 
261 411 
256 400 
251 389 
245 377 
240 366 
234 353 
228 341 
222 328 
216 315 
210 301 
203 287 
197 273 
190 259 
176 229 
162 203 
147 181 
132 162 
119 146 



-kid- llowable concentric loads in kips 

Nominal Size 
Thickness 

Wt./ft 

5 46 ksi 

r (in.) ' 

8 ] " g ' g  

a11 0" 



Square structural tubing 
Allowable concentric loads in kips 

46 ksi 



LUMNS 
ructural tubing 

Allowable concentric loads in kips 

Note: Heavv line indicates Kl/r of 200. 



Nominal Size 
Thickness 

Wt./ft 

A (in.') 
Ix (in.4) 
zy (in.4) 
kMv 
& (in.) 
Bx Bending 1 By factors 
aJl O6 
a, 11 O6 



I 
Y 

Nominal Size 
Thickness 

Wt./ft 

- X 

Allowable concentric loads in kips 

A (k2) 19.90 18.20 46.40 12.60 
Zx ( h 4 )  337 313 287 228 
Zy ( h 4 )  112 104 96.0 77.2 
fi /G 1.74 1.74 1.73 1.72 
5 (in.) 2.37 2.39 2.42 2.48 
Bx Bending 0.354 0.349 0.342 0.330 1 By factors 0.535 0.524 0.51 1 0.488 
a, l l O6 50.3 46.7 42.8 34.0 
a, 11 O6 16.6 15.5 14.3 11.5 

eavy line indicates Kl/r of 200. 

46 ksi 



Nominal Size 
Thickness 

Wt./ft 

ectangular structural tu 
Allowable concentric loads in kips ^WX Y 

46 ksi 

-r-  - - -  
A (h2 )  17.40 15.90 14.40 11.10 9.36 16.20 14.80 13.40 10.30 8.73 
Zx ( k 4 )  211 197 181 145 125 183 171 158 128 110 
Zy (in.4) 93.5 87.5 80.8 65.4 56.5 60.0 56.5 52.5 42.9 37.2 
& /b 1.50 1.50 1.50 1.49 1.49 1.75 1.74 1.74 1.72 1.71 
ru (in.) 2.32 2.34 2.37 2.43 2.46 1.93 1.95 1.98 2.04 2.07 
6, Bending 0.413 0.405 0.397 0.382 0.375 0.441 0.431 0.424 0.404 0.397 1 By factors 0.559 0.545 0.533 0.508 0.497 0.675 0.655 0.638 0.602 0.586 
ax 11 O6 31.4 29.2 26.9 21.6 18.6 27.4 25.5 23.6 18.9 16.4 
a,, /I o6 13.9 13.0 12.0 9.74 8.42 8.99 8.39 7.83 6.39 5.57 

Note: Heavy line indicates Kl/r of 200. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



Allowable concentric loads in kips 

A (in.? 
Ix (in. ) 
Iy (in.4) 
r,/r 
5 (n.1 
6, Bending I By factors 
axll O6 
ay/l O6 

- 
Prooerties 



Nominal Size 
Thickness 

Wt./ft 

Properties 
A (in.2) 13.70 12.40 9.58 8.11 13.70 
zx (in.4) 130 121 97.8 84.6 112 
zY (in.4) 50.9 47.4 38.8 33.8 70.8 
U k  1.60 1.59 1.59 1.58 1.25 
k (in.) 1.93 1.96 2.01 2.04 2.28 
B, Bending 0.472 0.463 0.441 0.431 0.491 I By factors 0.672 0.656 0.618 0.601 0.581 
a, 11 o6 19.5 18.0 14.6 12.6 16.7 
aY 11 O6 7.60 7.10 5.77 5.03 10.6 

Note: Heavy line indicates Kl/r of 200. 



CI X 

Allowable concentric loads in kips 

46 ksi 

A (in .') 11.40 10.40 8.08 
zx (in.4) 80.5 75.1 61.9 
Zy (in.4) 26.2 24.6 20.6 
& / k  1.75 1.75 1.73 
& (in.) 1.51 1.54 1.60 
Bx Bending 0.567 0.552 0.522 1 By factors 0.870 0.842 0.785 
a, 11 O6 11.9 11.2 9.22 
a, 11 O6 3.87 3.66 3.07 

ote: Heavy line indicates Kl/r of 200. 



A (in.') 
Ix (in.4) 
zy ( h 4 )  
& I ~ Y  
& (in.) 

1 Ex Bending 1 I L$ factors 
ax 11 O6 
a, /I 0" 

ote: Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 

Nominal Size 
Thickness 

Wt./ft 

A (in.2) 5.83 4.98 4.09 
xx ( h 4 )  23.8 21.1 17.9 
zy (in.4) 7.78 6.98 6.00 

1.75 1.74 1.73 
~y (in.) 1.46 1.48 1.21 
B, Bending 0.735 0.709 0.684 } 8, fsactors 1.12 1.07 1.02 
ax 11 0 3.54 3.14 2.67 
a, 11 O6 1.16 1.04 0.894 

Note: Heavv line indicates Klh of 200. 

operties 

0.977 



Nominal Size 
Thickness 

Wt./ft 

Proper 
A (in.') 3.73 3.09 2.39 3.11 
I~ ( k 4 )  7.45 6.45 5.23 5.32 
I~ (in.4) 4.71 4.10 3.34 1.71 
4 /G 1.26 1.25 1.25 1.76 
rv (in.) 1.12 1.15 1.18 0.743 
Bx Bending 1 1.00 0.957 0.915 1.17 
By factors 1.19 1.13 1.07 1.81 
ax 11 O6 1.1 1 0.962 0.779 0.792 
a, 11 O6 0.702 0.61 1 0.498 0.256 

Note: Heavy line indicates Kl/r of 200. 

46 ksi 



For both double angles and WT shapes, the allowable concentric loads are tabulated 
for the effective length in ft KL with respect to both the X-X and Y-Y axis. Discus- 
sion under Sect. C2 of the AISC ASD Specification Commentary points out that for 
trusses, it is usual practice to take K equal to 1.0. No values are listed beyond Kllr 
= 200. Allowable loads about the X-X axis are in accordance with Sect. E2 of the 
AISC ASD Specification. 

For buckling about the Y-Y axis, the allowable loads are based on flexural- 
torsional buckling. The critical ilexural-torsional elastic buckling stress F, can be ob- 
tained from equations in the Load and Resistance Factor Design Specification Ap- 
pendix E3. It is conservative for C, to be taken as zero. However, actual values 
of C,  were used in the tables. ased on this stress, an effective slenderness can be 
calculated, 

(Kllr)efl = 7~ me 
This slenderness is inserted into the general column equations of AISC ASD Specifi- 
cation Sect. E2 to determine the Y-Y axis allowable concentric load. 

For double angles buckling about the X-X or Y-Y axis, the connectors must be 
spaced so that the local slenderness ah, of the individual member does not exceed 
% times the governing slenderness ratio of the overall member. Also, at least two in- 
termediate connectors must be used to provide for adequate shear transfer. All con- 
nectors must be welded or utilize fully-tightened high-strength bolts. 

In designing members fabricated of two angles ~onnected to opposite faces of a 
gusset plate, Sect. J1.9 of the AISC ASD Specification states that eccentricity be- 
tween the gage lines and gravity axis may be neglected. In the following tables, ec- 
centricity is neglected. 

The tabulated loads for double angles referred to in the Y-Y axis assume a %-in. 
spacing between angles. These values are conservative when a wider spacing is pro- 
vided. The following example illustrates a method for determining the allowable 
load when a %-in. gusset plate is used. 

Examples 8 and 9 demonstrate how to determine the number of connectors, 
as well as the allowable loads. 

Given: 

Using F,, = 36 ksi steel, determine the maximum allowable concentric load with re- 
spect to the Y-Y axis on a double angle member of 8 x 8 x 1 angles with an effective 
length equal to 12 ft and connected to a %-in. thick gusset plate. 

Solution: 

ry = 3.53 in. (from the double-angle column load table for 2 L8x8X1 with %-in. 
plate). 

r,' = 3.67 in. (from Part 1, Properties, Two Equal Angles, 2 L8 X 8X 1 with %-in. 
plate). 

Equivalent length = 0.962 x 12 ft = 11.5 ft 



Enter the column load table for 2 L8x8X 1 with reference to the Y-Y axis for effec- 
tive lengths between 10 and 15 ft, read 564 and 536 kips, respectively. 

Equivalent allowable load = 564 - 

= 556 kips. 

EXAMPLE 8 

Given: 

Using a double-angle member of 8 x 6 x % angles (long legs back-to-back), and 36 ksi 
steel, with effective lengths KL, = KL, = 16 ft, determine the allowable load and 
number of intermediate connectors. Assume K = 1. 

Solution: 

From the double-angle column load tables, 

KL, = 16 ft, PC, = 315 kips 

KL, = 16 ft, PC, = 300 kips 

Therefore, KL, governs. The allowable load is 300 kips and the corresponding 
slenderness ratio is KLy/ry = (12 x 16) / 2.48 = 77. The maximum slenderness of the 
individual angle is 

alr, s 0.75 X 77 = 58 

a = 58 x 1.29 = 75 in. 

Use 2 intermediate connectors spaced at (16 x 12)/3 = 64 in. This satisfies the re- 
quirement that at least 2 intermediate connectors must be used. 

EXAMPLE 9 

Given: 

Using a double-angle member of 5 x 3 x ?h angles (short legs back-to-back) and 36 ksi 
steel, 36 ft long with braced points in the Y direction every 12 ft against buckling 
about the X-X axis, determine the allowable load and number of intermediate con- 
nectors. Assume K = 1. 

Solution: 

From the Double-Angle Column Load Tables, 

KL, = 12 ft, PC, = 37 kips 

KL,, = 36 ft, PC, = 37 kips 

The allowable load is 37 kips and the corresponding slenderness ratio is KLJr, 
= (12 x 12)/0.829 = 174. The maximum slenderness of the individual angle is 

a = 130 X 0.648 = 84 in. 

Place one connector every 6 ft = 72 in. This provides 5 connectors along L, in- 
cluding the braced points, which satisfies the Specification requirement that at least 
2 intermediate connectors be used. 



Allowable concentric loads for single angle struts are not tabulated in this Manual 
because it is virtually impossible to load such struts concentrically. In theory, con- 
centric loading could be accomplished by milling the ends of an angle and loading it 
through bearing plates. However, in practice, the actual eccentricity of loading is rel- 
atively large; and its neglect in design may lead to an underdesigned member. 

The design of an equal leg, single angle strut loaded eccentrically must meet the 
provisions of Chap. H, Combined Stresses. Additional background and design 
recommendations on single angles are available.* 

The following examples illustrate a rational AS design procedure for an equal 
leg angle strut based on the mentioned references. 

Given: 

An angle 2 x 2 x % is loaded by sset plate attached to one leg with geometric 
axes eccentricities of 0.8 in. and in. from the centroid, as shown. Determine 
the allowable compressive load B, which may be applied. The maximum effective 
length KL is 40 in. for all bending axes. 

A = 0.938 in.' 

r, = 0.391 in. 
I, = I, = 0.348 in.4 
a = 45" 

Fy = 50 ksi 

Solution: 

A = 0.938 in.' 

r, = 0.391 in. 
I, = I, = 0.348 in.4 
a = 45" 

Fy = 50 ksi 

Solution: 

Determine principal axis properties: Determine principal axis properties: 

1, + zw = zx + zy 
zw =&+Iy-Iz 

= 2 (0.348) - 0.1434 = 0.553 in.4 

rw = ~I,/A = 0.768 in. 

(bit) = 210.25 = 8 < 761 

:. Q = 1 (no local buckling) 

(minor axis) 

*Lutz, Leroy M. Behavior and Design of Angle Compression Members. 1988 National Steel Con- 
struction Conference Proceedings, AISC, Chicago, IL, June 1988. 
American Institute of Steel Construction. Specification for Allowable Stress Design of Single- 
angle Members, Chicago, ZL, 1989. 



3 - 56 

Compute allowable compression stress Fa without eccentricity for flexural buckling 
about minor principal axis: 

By interpolation from Table C-50 of Allowable Stresses for Compression Mem- 
bers (F, = 50 ksi) in Part 3 of the Manual: 

Fa = 14.17 ksi 

Check flexural-torsional buckling: 

:. Flexural-torsional buckling does not control, based on an empirically based 
limit from the first reference above. 

Use interaction equation and principal axes considering moments due to load 
eccentricity: 

assume ($1 > 0.15 and AISC ASD Spec. Equation (HI-1) governs 

Mw = 0.854Pa; Sw = - 0S53 - - 0.391 in.); F,'. = 55 ksi 
1.414 

0.1434 
M,  = 0.277Pa; S, = - - - 0.171 in.3; FJ, = 14.27 ksi 

0.837 

Uniform moments: C, = Cb = 1.0 

.'. Fbw = 0.66Fy = 33 ksi. 

The 9400/Fy limit is from the first reference above and indicates when lateral- 
torsional buckling will not reduce the allowable stress below 0.66Fy. With no local 
buckling, Fbz = 0.66Fy = 33 ksi. 

Solve for Pa = 4.5 kip 



Given: 

Determine whether the angle strut shown can carry a 7-kip axial compression load. 
This example includes consideration of local, flexural and flexural-torsional buckling. 
A36 steel. 

I, = I,, = 3.04 in.4 

A = 1.94 in.' 

x = y = 1.09 in. 

r, = 0.795 in. 

c, = x fi = 1.54 in. 

Cc = 
4 + (0.2512) 
fi - c, = 1.377 in. 

Assume eccentricity of load at 1.45 in. 

1, = 1.94 (0.795)' = 1.226 in.4 

Solution: 

Consider unbraced length of 5 ft - 4 in. = 64 in., conservatively use Kz = 1.0. 

(Kllr) = 64 1 0.795 = 80.5 

Check local buckling: 

blt = 4 10.25 = 16 > 76 / V% 
Q = 1.34 - 0.00447 (16) 5 6  = 0.911 

Ci = d 2  ,rr2 (29,000) 1 [0.911(36)] = 132.1 

For equal leg angles, flexural-torsional buckling will control if: 

(Kllr),, < 5.4 (blt) I Q 

80.5 < 5.4 (16) I 0.911 = 95 

eterrnine (Kllr)e,,i,,. = ,rr using equations for equal leg angles, 

w, = f l 2  (1.09 - 0.25 / 2) = 1.365 in. 
- 2 r, = (1.365)' + 2(3.04) / 1.94 = 4.997 in. 

H = 1 - (1.365)'/4.996 = 0.627 

J = At2/3 = 1.94 (0.25)'/3 = 0.04042 in.4 

zz + zw = I, + zy 
1, = 2 (3.04) - 1.226 = 4.854 in.4 

rw = d4.854 11.94 = 1.58 in. 

Use Kw = 0.8, 

Few = IT' (29,000)/[0.8(64) 1 1.581' = 273 ksi 

Fej = (11,200) (0.04042) 1 E1.94 (4.996)] = 46.7 ksi 



= 43.6 ksi 

minor slenderness increase due to flexural-torsional effects. 

Using Table 3, 

81 1132.1 = 0.613, C, = 0.436 

Fa = 0.436 (0.911) (36) = 14.3 ksi 
fa = 7 1  1.94 = 3.61 ksi 
M = P (1.45) = 7 (1.45) = 10.15 kip-in. 
fbz = 10.15 (1.375) 1 1.226 = 11.38 ksi 
With bending only about minor axis 2, there is no flexural-torsional buckling. 

Check local buckling: 
Fbz = 0.911 (0.60) (36) = 19.68 ksi 
F;! = 22.76 ksi 

Check interaction equation: 



COLUMNS 

%" 71= Y ?h in. back-to-back of angles 



Size 
Thickness 

wt. - 

Allowable concentric loads in kips 
%" 

?h in. back-to-back of angles Y 

Properties of 2 angles - ?h in. back-to-back 
A ( k 2 )  22.0 19.5 16.9 14.2 11.5 8.72 
& (in.) 1.80 1 .a1 1.83 1.84 1.86 1.88 
$ (in.) 2.73 2.70 2.68 2.66 2.64 2.62 

Heavy line indicates Kl/r of 200. 





able concentric loa 
s %" 

%I in. back-to-back of angles 
Y 

Size 

Thickness 
Wt./ft 

Pro~erties of 2 anales - % in. back-to-back " 

A (in.') 40.9 9.22 7.50 5.72 4.80 3.88 
rx (in.) 1.19 1.20 1.22 1.23 1.24 1.25 
ry (in.) 1.88 1.86 1.83 1 .81 1.80 1.79 

Heaw line indicates Kl/r of 200. 



Equal legs 
% in. back-to-back of angles 





Heavy line indicates Kl/r of 200. 

A ~ I P P C A N  INSTITUTE OF STEEL CONSTP~UCTION 



Size 
Thickness 

%" 
% in. back-to-back of angles Y 

A (h2) 2.72 2.30 1.88 1.43 0.960 
& (in.) 0.594 0.601 0.609 0.61 7 0.626 
tj, (in.) 1.01 1 .OO 0.989 0.977 0.965 

Heavy line indicates Kl/r of 200. 





%" 
Long legs % in. back-to-back of angles =IF Y 

Properties of 2 angles - 3/ 
A (h2)  15.4 10.5 7.97 
rx (in.) 2.22 2.25 2.27 
rj (in.) 1.62 1.57 1.55 

Heaw line indicates Kl/r of 200. 

back-to-back 





%" 
Long legs ?h in. back-to-back of angles f Y 

Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 
equal legs 

Long legs %I in. back-to-back of angles 

Size 

Thickness 

Properties of 2 angles - 3/a in. back-to-back 
A (in.2) 7.00 5.34 4.49 3.63 
& p . 1  1.23 1.25 1.26 1.27 
5 (in.) 1.58 1.56 1.55 1.54 

Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 

Long legs % in. back-to-back of angles Y 

Size 
Thickness 

Wt.lft 

(h2) 
(in.) 
(in.) 

Heavy line indicates KI/r of 200. 





Size 
Thickness 

A (in .') 
(in.) 

6 (in.) 

Allowable concentric loads in kips 
%" 

Long legs ?h in. back-to-back of angles Y 

Properties of 2 angles - % in. 
3.84 2.63 1.99 
0.928 0.945 0.954 
1.16 1.13 1.12 

back-to-back 
3.47 1 2.93 

Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 
nequal legs 

Long legs % in. back-to-back of angles 





.-+,j+=. %" 

Y Short legs 3/s in. back-to-back of angles 

Size 
Thickness 

Wt./ft 

A ( h 2 )  
& (in.) 

(in.) 

Properties of 2 angles - 9 

11 15.4 1 10.5 1 7.97 11  

Heavy line indicates Kl/r of 200. 

lack-to-back 





IF, = 36 ksi 1 

Allowa ic loads in kips 
legs 

Short legs ?h in. back-to-back of angles 

Size 
Thickness 

Properties of 2 angles - % in. back-to-back 
A (in. ') 7.50 5.72 4.80 3.88 

(in,) 0.829 0.845 0.853 0.861 
~y (in.) 2.50 2.48 2.49 2.46 

Heavy line indicates Kl/r of 200. 



.=jj,fX %" 

Short legs % in. back-to-back of angles Y 

Properties of 2 angles - ?h in. back-to-back 
A (in.*) 7.00 5.34 4.49 3.63 
rx (in.) 1.04 1.06 1.07 1.07 
5 (in.) 1.89 1.87 1.86 1.85 

Heavy line indicates Kl/r of 200. 



Allowable concentric loads in kips 

Short legs ?4 in. back-to-back of angles 





Size 11 
Thickness 



3 - 84 

Allowable concentric loads in kips 
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Designation 4 1  



Designation 
Wt./ft 

Fv 

Allowable axial loads in kips 
Y 

A (in. ') 30.9 28.5 26.8 25.0 23.5 22.1 19.9 
& On.) 5.65 5.62 5.62 5.61 5.61 5.62 5.66 
(, (in.) 2.58 2.56 2.55 2.53 2.50 2.47 2.38 



I Properties I 

Heavy line indicates Kl/r of 200. 



Cut from 
Allowable axi s I 

Y 
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Y 

Allowable axial loads in kips 
Y 

Designation 
Wt./ft 

Prooerties 



.Tx Structural Tees 

Allowable axial loads in kips 

Prooerties I 





ro 
e axial loads in kips 

Heavy line indicates Kl/r of 200. 



- -- 

Desianation 

Prnnnrtins 
' .-r-.--- 

A (!n. ') 17.5 15.6 14.3 12.7 11.2 
k (in.) 2.60 2.59 2.56 2.55 2.54 
6 (in.) 2.69 2.66 2.65 2.63 2.61 

Heavy line indicates Kl/r of 200. 



Allowable axial loads in kips 

Properties 
A (in.2) 10.4 9.55 8.82 8.10 7.33 6.77 5.88 5.15 
r" (in.) 2.74 2.72 2.71 2.71 2.70 2.77 2.76 2.79 
A >  , 
t j  (in.) 11 1.70 1 1.69 1 1.69 1 1.67 1 1.65 1 1.29 1 1.27 [ 1.22 







Designation 

Wt./ft 

Prooerties . 

A (in.') 19.4 17.7 16.0 14.6 13.2 
& (in.) 1.73 1.71 1.68 1.67 1.66 
ru (in.) 3.76 3.74 3.73 3.71 3.70 

Heaw line indicates Klh of 200. 



Designation 

Wt./ft 

A (in.') 12.0 10.9 9.99 8.96 7.81 7.07 6.31 
& (in.) 1.85 1.82 1.81 1.80 1.88 1.87 1.86 
/j, (in.) 2.48 2.48 2.46 2.45 1.92 1.91 1.89 

Heavy line indicates Kl/r of 200. 



Praoerties 



ble axial loads in kips 



Designation 
WUft  

A (h2 )  5.17 4.40 3.82 3.24 2.79 2.36 2.08 
& (in.) 1.76 1.75 1.75 1.90 1.90 1.92 1.92 
t.i (in.) 1.54 1.52 1.51 0.847 0.822 0.773 0.753 

Heavy line indicates Kl/r of 200. 



S S 
Allowable axial loads in kips 





Prooerties I 



tai column load, kips 
x N = Area of plate, in.' 

A, = Full cross-sectional area of concrete 

d 
support, in.' 

Fb = Allowable bending stress in base plate, 
ksi 

Fp = Allowable bearing pressure on support, 
ksi 

fp = Actual bearing pressure, ksi 
f', = Compressive strength of concrete, ksi 

' 

6 = Thickness of base plate, in. 
Figure 1 

Steel base plates are generally used under columns for distribution of the column 
load over a sufficient area of the concrete pier or foundation. 

Unless the m and n dimensions are small, the base plate is designed as a cantile- 
ver beam, fixed at the edges of a rectangle whose sides are 0.80bf and 0.95d. The col- 
umn load P is assumed to be distributed uniformily over the base plate within the 
rectangle. Letting Fb equal 0.75FY, the required thickness is found from the formulas 

$ = 2m 6 and dp = 2n 

Dimensions of the base plate are optimized if m = n. This condition is approached 
when N = a + A, where A = 0.5 (0.95d - 0.80bf) and B = A,IN. 

When the values of m and n are small (the base plate is just large enough in area 
to accommodate the column profile), a different model is used. For light loads with 
this type of base plate, the column load is assumed to be distributed to the concrete 
area, as shown by cross-hatching in Fig. 2 where L is the cantilever distance subjected 
to the maximum bearing pressure, 5 .  

Figure 2 
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For more heavily loaded small plates, a yield-line solution,* assuming a fixed edge 
along the column web and simple supports along the flanges, is closely approximated by 

- 

where 

.\/db n' = f 

4 
d = depth of column section, in. 
bf = flange width of column section, in. 

A smooth transition between the lightly and heavily loaded condition for small 
plates can be derived as the coefficient A,** where: 

and 

When X is less than 1.0, or, equivalently when q is less than 0.64, the design for 
lightly loaded plates governs, as shown in Fig. 2. The L distance is already factored 
into the expression for X. The upper bound of X = 1.0 represents the yield-line solution 
which is conservative to always use for simplicity. Because the above small plate equa- 
tion is in the same form as the required thickness for large pIates, the largest distance 
m, n or Xn' controls. 

The allowable bearing strength Fp of the concrete depends on f,' and the percent of 
support area occupied by the base plate. From AISC ASD Specification Sect. J9, 

P;, = 0.35 f,' 

when the entire area of a concrete support is covered, and 

Fp = 0.35 f,' s 0.7 f,' 

when less than the full area is covered. By substituting PIA1 5 Fp, this formula may 
be rewritten as: 

The first two terms give the general equation: 

The first and third terms give the equation for the minimum base plate area for the 
upper concrete bearing limit: P - - 

A, r 2 
0.7 f,' 

* Thornton, W. A , ,  Design of Small Base Plates for M e  Flange Columns, Engineering Journal, AISC, 
Vol. 27, No. 3, 3rd Quarter 1990, pp. 108-110. 

** Thornton, W. A , ,  Design of Base Plates for Wide Flange Columns-A Concatenation of Methods, Engi- 
neering Journal, AISC, Vol. 27, No. 4, 4th Quarter 1990. 



and third terms, it may be noted the condition exists for the lightest 
base plate when A, = 4A,. Substituting into the general equation, the required ped- 
estal area for this condition is: 

P 
A2 2 - 

0.175 f: 

If conditions permit, the pedestal should be made at least this size for optimum con- 
crete bearing stress. 

Steps in the design of a base plate are: 

P 
I .  Find A, = I(L)?, Al = or A = bfd 

A, 0.35f,' 0.7x 
Use larger value. 

2. Determine N = d& + A 1 d and B = A,/N 2 bf 

3. Determine uniform and allowable bearing pressure on concrete and check 
fp 5 F p :  

4. Determine m = (N-0.95d)/2 and n = (B-0.80bf)/2. 
-\idbf 

5. Compute q and X, or, conservatively set X = 1.0 and n' = -- 
4 

6. Determine t, by formula: 

O X  100 column (d = 11.10 in., bf = 10.34 in.) has a reaction of 525 kips, and 
on a 28-in. x 28-in. pier. f,' = 3 ksi, 4, = 36 ksi. 

Solution: 

A2 = 28 x 28 = 784 in.' 

= 319 in.2 governs 

P Al = ---- - 525 
- 250 in.' 

0.7 f,' 0.7 (3) 

A, = bfd = (10.34)(11.1) = 114.8 in.' 



2. A = 0.5 r(0.95 x 11.10) - (0.8 x 10.34)] = 1.14 in. 

N = + A = a + 1.14 = 19.0 

B = AIIN = 319119.0 = 16.8 in. (use 17 in.) 

A, = 19 x 17 = 323 in.' 

3. f, = PI (B x N) = 5251323 = 1.63 ksi 
F, = 0.35f: 1/A2/K I 0.70f,' 
Fp = 0.35(3) 5 0.7(3) 

Fp = 1.64 I 2.1. Use 1.64 ksi 

4. rn = (N - 0.95d) I2 = 119 - (0.95 x 11.1)]/2 
= 4.23 in. 

n = (B - 0.80b) 12 = I17 - (0.8 x 10.34)]/2 
= 4.36 in. 

n ,  = 411.1 (10.34) 
= 2.68 in. 

4 

= 1.86 in. (use 2 in.) 
e plate 17 X 2 X 1 ft-7 in. 

Given: 

106 column (d = 12.89 in. an bf = 12.22 in.) has a reaction of 600 kips. Se- 
dimensions of the pier (f,' = 3 ksl) and design the base plate for the smallest 

1 area possible. P;, = 36 ksi. 

Solution: 

For maximum Bp, use A, = 

Use A2 = 34 x 34 = 1156 in.2 



3 - 110 

2. A = 0.5[(0.95 x 12.89) - (0.8 x 12.22)] = 1.235in. 

M = %!%% + 1.235 = 18.1 in. (use 19 in.) 

B = 286 / 19 = 15.6 in. (use 16 in.) 

A, = 19 X 16 = 304 in.' 

3. f, = 600 1304 = 1.97 ksi 

F, = 0.35fd 5 0.7fJ 

F, = 0.35(3) -4 5 0.7(3) = 2.1 ksi 
= 2.1 .'. F, = 2.1 ksi 

f, < a;, o.k. 

4. rn = [I9 - (0.95 x 12.89)]/2 = 3.38 
n = [I6 - (0.8 x 12.22)]/2 = 3.11 in. 

m 
-- - 3.14 in. 

4 

= 1.58 in. (use 1% in.) 

Use: Base plate 16 X 1% X 1 ft-7in. 



Rolled steel plates are extensively used for column bases. So that the base plates 
function properly in transmitting loads to masonry supports, finishing is regulated by 
specification. 

In AISC ASD Specification, Sect. M2.8, it is stated: 

"Column bases and base plates shall be finished in accordance with the following 
requirements: 

a. Rolled steel bearing plates 2 in. or less in thickness may be used without mill- 
ing,* provided a satisfactory contact bearing is obtained; rolled steel bearing 
plates over 2 in. but not over 4 in. in thickness may be straightened by press- 
ing or, if presses are not available, by milling for all bearing surfaces (except 
as noted in Subparagraphs c and of this section), to obtain a satisfactory 
contact bearing; rolled steel bearing plates over 4 in. thick shall be milled 
for all bearing surfaces (except as noted in Subparagraphs c and d of this 
section). 

b. Column bases other than rolled steel bearing plates shall be milled for all 
bearing surfaces (except as noted in Subparagraphs c and d of this sec- 
tion). 

c. The bottom surfaces of bearing plates and column bases which are grouted 
to insure full bearing contact on foundations need not be milled. 

d. The top surfaces of base plates with columns full-penetration welded need 
not be pressed or milled." 

"See Commentary Sect. 58. 
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Part 4 provides engineering data and tabular information for the design of connec- 
tions. Examples illustrate the use of the information for specific applications. More 
detailed design calculations and pre-engineered connections are given in two com- 
panion publications available from AISC: 

1 .  Engineering for Steel Construction (1st Ed. 1984) 
is source book of connections contains suggested design and detailing 

procedures for use by advanced detailers and engineers. 
AISC Publication No. M014* 

2 .  Detailing for Steel Construction (1st Ed. 1983) 
This text book directed to detailers contains instruction, explanations, 
problem solutions and many typical shop details and drawings. 

AISC Publication No. M013* 

*Keyed to the 8th Edition Manual of Steel Construction. Specific designs should be checked against 
procedures and specifications of the 9th Edition. 



I I Nominal Diameter d, In. 

ASTM / Ft I 5/8 1 1 4  1 1 8  1 1 1 11/8 1 1 4 1 13/8 1 1'12 

Designation Ksi Area (Based on Nominal Diameter), h2 

0.3068 0.4418 0.6013 0.7854 0.9940 1.227 1.485 1.767 

A307 bolts 20.0 6.1 8.8 12.0 15.7 19.9 24.5 29.7 35.3 

A325 bolts 44.0 13.5 19.4 26.5 34.6 43.7 54.0 65.3 77.7 

A490 bolts 54.0 16.6 23.9 32.5 42.4 53.7 66.3 80.2 95.4 

A502-1 rivets 23.0 7.1 10.2 13.8 18.1 22.9 28.2 34.2 40.6 

A502-2,3rivets 29.0 8.9 12.8 17.4 22.8 28.8 35.6 43.1 51.2 

The above table lists ASTM specified materials that generally are intended for use as struc- 
tural fasteners. 
For dynamic and fatigue loading, only A325 or A490 high-strength bolts should be specified. 
See AISC Specification. Appendix K4. 
For allowable combined shear and tension loads, see AISC ASD Specification Sects. J3.5 
and J3.6. 

ASTM 5 
Designation Ksi 

A572, Gr. 50 50 

The above table lists ASTM specified materials available in round bar stock that are generally 
intended for use in threaded applications such as tie rods, cross bracing and similar uses. 
The tensile capacity of the threaded portion of an upset rod shall be larger than the body area 
times 0.65. 
F, = specified minimum tensile strength of the fastener material. 
F, = 0.33FU = allowable tensile stress in threaded fastener. 



Gr. BC 105 109 125 '/4 to 22% incl. A, QT H, u 
95 99 115 over 2% to 4 incl. 

85 92 120 l/4 to 1 incl. C, QT H, U 
74 81 105 1% to 1 % incl. 
55 58 90 1% to 3 incl. 

A490 120 - 150 % to 1 % incl. A, QT H 

A687 - 105 150' % to 3 incl. A, QT, NT U 

aAvailable with weathering (atmospheric corrosion resistance) characteristics comparable to 
ASTM A242 and A588 steel. 

bC = carbon 
QT = quenched and tempered 
A = alloy 
NT = notch tough (Charpy V-notch 15 ft-lb. @ -20°F) 
HSLA = high-strength low alloy 
ACR = atmospheric corrosion-resistant 

CMaximum (ultimate tensile strength) 
Notes: 
ASTM specified material for anchor bolts, tie rods and similar applications can be obtained 
from either specifications for threaded bolts and studs normally used as connectors or for 
structural material available in round stock that may then be threaded. The material supplier 
should be consulted for availability of size and length. 
Suitable nuts by grade may be obtained from ASTM Specification A563. 
Anchor bolt material that is quenched and tempered should not be welded or heated. 
Threaded rod with properties meeting A325, A490 or A 49 Specifications may be obtained 
by the use of an appropriate steel (such as AlSl 61040 or C4140), quenched and tempered 
after fabrication. 



ASTM 
Desig- 
nation 

A307 

..-. 

A36 
(F,=58 ksi) 

A572, Gr. 50 
(F,=65 ksi) 

A588 
(F,=70 ksi) 

'SC = Slip critical connection. 
N: Bearing-type connection with threads included in shear plane. 
X: Bearing-type connection with threads excluded from shear plane. 

bSTD: Standard round holes (d + %a in.) OVS: Oversize round holes 
LSL: Long-slotted holes normal to load direction SSL: Short-slotted holes 
NSL: Long-or short-slotted hole normal to load direction 

(required in bearing-type connection). 
Single shear D: Double shear. 

For threaded parts of materials not listed, use F, = 0.17F" when threads are included in a shear 
plane, and F, = 0.22FU when threads are excluded from a shear plane. 



ness 3/4 

% 6.5 
%e 9.8 

'L4 13.1 
%6 16.3 
?h 19.6 
?& 22.8 

% 26.1 
9/rs 29.4 
% 32.6 - 
" / I6  

?/4 

'?A6 
% 

6  

1 52.2 

Notes: 
This table is applicable to all mechanical fasteners in both slip-critical and bearing-type con- 
nections utilizing standard holes. Standard holes shall have a diameter nominally %-in. 
larger than the nominal bolt diameter (d + %6 in.). 
Tabulated bearing values are based on Fp = 1.2 F,. 
F, = specified minimum tensile strength of the connected part. 
In connections transmitting axial force whose length between extreme fasteners measured 
parallel to the line of force exceeds 50 in., tabulated values shall be reduced 20%. 
Connections using high-strength bolts in slotted holes with the load applied in a direction 
other than approximately normal (between 80 and 100 degrees) to the axis of the hole and 
connections with bolts in oversize holes shall be designed for resistance against slip at work- 
ing load in accordance with AlSC ASD Specification Sect. J3.8. 
Tabulated values apply when the distance I parallel to the line of force from the center of the 
bolt to the edge of the connected part is not less than 1 % dand the distance from the center 
of a bolt to the center of an adjacent bolt is not less than 3d. See AlSC ASD Commentary 
J3.8. 
Under certain conditions, values greater than the tabulated values may be justified under 
Specification Sect. J3.7. 
Values are limited to the double-shear bearing capacity of 14490-X bolts. 
Values for decimal thicknesses may be obtained by multiplying the decimal value of the un- 
listed thickness by the value given for a 1 -in. thickness. 



a Total allowable load = t (tabular value) x n t 
where [ 

t = thickness of critical connected part, in. 

I 
n = number of fasteners. 

bl, 2 2PIF,t (AISC ASD Spec. J3.9) distance center of hole to free edge of connected part 
in direction of force, in. 

where 
F, = specified minimum tensile strength of material, ksi 
P = force transmitted by one fastener to the critical connected part, kips 

' P  = 1.2 F, d (AISC ASD Spec. Sect. J3.7). 



rh  I 1.33 1 1.39 1 1.45 ( 1.51 
1.40 1.46 1.53 1.59 

Coefficient C2 

Bolt Dia., In. 

w 
COPED 

Motes: 
RBs = Resistance to block shear, kips 

= 0.30 AvFu + 0.50 A,Fu (from AlSC ASD Sect. $4) 
= I(0.30 1, + 0.5 1,) + 0.30 [(n - l)(s - dh) - dh/2] - dh/4) X Fut 
= (Cl + Cz) Fut 

where 
A, = net shear area, in.' 
A, = net tension area, in.' 
F, = specified min. tensile strength, ksi 
dh = dia. of hole (dia. of fastener + %a), in. 
1, = distance from center of hole to beam end, in. 
I, = distance from center of hole to edge of web, in. 
n = number of fasteners 
s = fasteners spacing, in. 
t = beam web thickness, in. 

Tabular values are based on the following: 
AlSC ASD Specification Sects. Dl ,  J4, $3.9, J5.2. 
AlSC ASD Commentary Sects. D l ,  J4, 53.9. 



EAM REACTIONS 

For economical connections, beam reactions should be shown on the contract draw- 
ings. If these reactions are not shown, connections must be selected to support one- 
half the total uniform load capacity shown in the Allowable Uniform Load Tables, 
Part 2 of this Manual, for the given beam, span and grade of steel specified. The ef- 
fects of any concentrated loads must be taken into account. 

Beam reactions must be shown on contract drawings for composite construction 
and continuous framing. 

Tables are developed for allowable reactions for simply supported beams (Type 2 
framing). No eccentricity or moment resistance is considered in determining the tab- 
ulated values. The inherent rigidity of the connections is a factor the designer should 
be aware of and consider where critical. The thickness limitation of % in. for framing 
angles in the tables was selected to assure flexibility. 

In applying the provisions of AISC Spec@ation for Structural Steel Buildings- 
Allowable Stress Design (ASD) Sect. 54, the calculation of area effective in resisting 
failure due to shear (and tension, when present) is accomplished by deducting the 
area of the standard holes along the minimum net failure surface. A standard hole 
is defined as the nominal fastener diameter plus 1/16 in. Attention is called to the dif- 
ference between this net area provision and that described in AISC AS19 Specifica- 
tion Sects. B2 and B3, which apply to the minimum net tensile failure planes. 

LT 

Bolts approved for use in steel building structures are listed in AISC AS 
tion Sect. A3.4, Bolts, Washers and Nuts. Application should 
Bolts, Threaded Parts and Rivets; Sect. 51.12, Limitations o ed and Welded 
Connections; Sect. 53.7, Size and Use of Holes; and Sect. 
bolted Construction-Assembling. 

The type of application of a high-strength bolt is indicated as follows: 

A325-SC and A490-SC: Slip-critical connection. 

A325-N and A490-N: Bearing-type connection with threads included in 
a shear plane. 

A325-X and A490-X: Bearing-type connection with threads excluded 
from the shear planes. 

Note that SC-N-X is not part of the ASTM Specification designation, but is descrip- 
tive of the design assumptions. 
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is table is for bolts in bearing-type connections having standard or slotted 
and for bolts in slip-critical connections having standard holes and class A, coated or 
clean mill scale surface condition (see the Specification for Structural Joints Using 
ASTM A325 or A490 bolts as approved by the Research Council on Structural Con- 
nections of the Engineering Foundation, i.e. RCSC Specification). 

Allowable loads in the table are based on: 

1. Shear capacity of the type and number of bolts in the connection. 

2. Bearing capacity of the angles. Footnote b notes that for angle length L 
the shear on the net section of the angles governs (Table 11-C). 

3. Shear capacity based on net section of the angles. Footnote c references 
Table 11-C in which these values are given. 

LE II- 

This table is for bolts in slip-critical connections having oversize, short-slotted, or 
long-slotted holes and class A, clean mill scale surface condition. 

Allowable loads in the table are based on: 

1. Shear capacity of the type and number of bolts in the connection and 
type of hole. 

2. Shear capacity based on net section of angles, as noted in footnote b. 

For allowable shear values of other classes of surface conditions in slip-critical con- 
nections, see the RCSC Specification. 

This table is for checking the shear capacity of the net section of the connection 
angles. 

Allowable loads are based on 0.3Fu (17.4 ksi for A36 material) on the net sec- 
tion vertically through the bolt holes, per AISC ASD Specification Sect. 54, using: 

R,  = 2t[(L or L') - n(d + 1/16)] 0.3Fu, kips 

When high fastener values are used on relatively thin material, failure can occur by 
a combination of shear along the vertical plane through the fasteners plus tension 
along a horizontal plane on the area effective in resisting tearing failure (see Figs. 
C-54.1 through C-54.4 in the AISC ASD Commentary). The effective area is the 
minimum net failure surface bounded by the bolt holes. This condition is critical and 
should be investigated when beam flanges are coped, or in any other similar situa- 
tion. The net shearing area of the connection angles may also be critical and should 
be investigated. Refer to Commentary on the AISC ASD Specification Sects. 93.9 
and 54 for additional discussion. This failure mechanism is referred to as web tear- 
out or block shear. 

Table 1-6 lists coefficients to be used for determining block shear capacity for 
several common beam framing conditions of 1, and 1, and three different bolt diame- 
ters in standard size holes at 3-in. spacing. 



The block shear or web tear-out allowable reaction is determined by adding co- 
efficient C,,  for the given 1, and l h ,  to coefficient C2 for number and sue of bolts, 
then multiplying this sum by the given value of Fu and the web thickness. For condi- 
tions that differ from those tabulated, the general equation shown in Table 1-6 can 
be utilized. 

For oversize and slotted holes, refer to AISC ASD Specification Sects. 53.9 

The 1989 AISC ASD Specification requires that several conditions be checked to de- 
termine the allowable capacity for a framed beam connection. These conditions are: 
bolt shear, bolt bearing on connecting material, beam web tear-out (block shear), 
shear on the net area of the connection angles or connection plate and local bending 
stresses. 

In Tables 11-A and 11-B, connection angle thicknesses have been established to 
conform with an end distance of 1% in. for material with Fu = 58 ksi. Note that cer- 
tain values are governed by the bearing capacity of the angles. Other values are lim- 
ited by net shear on the angles. The footnotes identify the values so limited and refer 
to Table 11-C. 

When the beam flange is not coped and standard size holes at 3-in. spacing are 
used, the allowable load in kips is obtained from Table 11-A, or if the footnotes in 
Table 11-A indicate, from Table 11-C. 

hen the beam flange is coped and standard size holes at 3-in. spacing are used, 
the allowable load in kips is obtained from Table 11-A or 11-C, as described above. 

addition, block shear, determined by using the coefficients in Table I-G, must be 
ecked. 

For bolts in slip-critical connections having oversize or slotted holes and Class 
A, clean mill scale surface condition, the allowable load is given in Table 11-B. If the 
beam is coped, the block shear must be checked using the coefficients in Table I-G 
and appropriate adjustments must be made to comprehend the length of slot as it af- 
fects 1,  or 1,. 

For bearing-type connections using slotted holes, it is required that the long di- 
rection of the slot be perpendicular to the direction of the load. For an uncoped 

slots in the web, the bolt shear allowable values are determined from 
and the bolt bearing allowable value may be determined from Table I-F 

ng the table with the actual lh reduced by the increment C2, as defined in 
AISC ASD Specification Table 53.6. For coped beams, beam web tear-out must also 
be checked using Table I-G by reducing lh by the increment C2. Intermediate values 
in Tables I-F and I-G can be obtained by proportioning. Use Table 11-C to check the 
net shear capacity. 

For slip-critical connections using slotted holes or oversized holes in the connec- 
tion angles, allowable bolt shear values are determined from Table 11-B. When slots 
are used in the beam web and the long direction of the slot is perpendicular to the 
direction of the load, bolt bearing values and beam web tear-out may be determined 
as given above for the bearing-type connection. For slots with the long direction of 
the slot parallel to the direction of the load and for oversize holes, see the AISC 
ASD Specification. 

Connection angle lengths E (E' for staggered holes) and number of bolts at 3-in. 
acing with 1%-in. end distance are tabulated in Tables 11-A and 11-B. 



1. In Tables HI-A and HI- , connection angle lengths vary from 5% in. to 29% in. (7 
in. to 31 in. for staggered hole arrangement) in multiples of 3 in. The length of the 
angles for a connection must be compatible with the beam T-dimension for 
uncoped beams. It is recommended that the minimum length of connection angle 
be at least one-half the T-dimension, to provide stability during erection. 

2. Vertical fastener spacing is arbitrarily chosen as 3 in. for these tables. This may 
be varied within the parameters established by the AISC ASD Specification. 

3. End distance on angles is set at 1% in., as permitted by AISC ASD Specification 
Table 93.5. When using oversize or slotted holes, the end distance must be ad- 
justed over that for standard holes as required by AISC ASD Specification Sect. 
53.9. 

4. Gages for supporting members should be selected to meet the requirements of 
AISC ASD Specification Sects. 53.8, 53.9 and 53.10. 

5. Clearance for assembly is essential in all cases. Framing angles with staggered 
holes are permitted as alternates to provide clearance and to permit smaller gages 
on legs of connection angles. 

A 
See Framed Beam Connections-Welded, Table 111, for appropriate Case I or Case 
II combination welded and bolted connections with tabulated reaction values. 

These tables are not intended to preclude the use of other adequately designed con- 
nections. 

18 x 50, t ,  = 0.355 in. 
TM A36 (4 = 36 ksi and F, = 58 ksi) 

Top flange coped 2 in. deep 
eam reaction = 38 kips 

Bolts: 3/4 in. dia. A325-W in l?h-in. dia. holes 

2 ~ 4 x 3 ' 1 2 ~  '14x8'h SECTION AT A 

* This dimension (see sketch, section at A)is determined to be one-half the decimal web thickness 
rounded to the next higher %6 in. Example: 0.355 + 2 = 0.1775; use 3/16 in. This will produce a 
spacing of holes slightly smaller than detailed to permit spreading, rather than closing, at time of 
erection to supporting member. 



Solution: 
From Table II-A, select a connection with 3 rows (n = 3) of % in. dia. A325-N bolts 
and shear value of 55.7 kips using %-in. angles. This exceeds the 38-kip reaction. 

The net shear in the connection angles may be checked using Table II-C. ?&in. con- 
nection angles with %-in. dia. bolts have a net shear value of 52.7 kips, so may be 
used. 

nnection could slip into bearing, (although an extremely remote possibil- 
m web and connecting material should be checked for bearing stress. See 
Commentary Sect. 53.7'. 

e normal 1%-in. edge stance to the cope (1, = 1%) and a 3-in. fastener 
spacing of %-in. bolts, enter Ta I-F at 58 ksi and read coefficient 52.2 kips per in. 
of thickness for all owable load is then (52.2 x 3 bolts) x 8.355 
= 55.6 kips > 38 ki distance is adequate for beam web and angles. 

The maximum load for a %-in. bolt bearing on a 0.355-in. web is calculated by 1.2 
F,dt, when the edge distance (and equivalent spacing) r 1.5 d = 1.125. 

AISC ASD Specification Table 93.5 edge requirements are also met. 

Since this beam is coped, beam web tear-out (block shear) must be checked: 

Enter Table 1 -6  wit I ,  = 1% in. and lh = 2 in. 

Read coefficient C1 = 1.38. 

Coefficient C2 for %-in. bolts and n = 3 is 0.99. 

Allowable reaction RBs = (1.38 + 0.99) x 58 x 0.355 = 48.8 kips > 38 

The connection as sketched is a equate. Attention must also be given to the follow- 
ing: 

a. Insertion and tightening clearances; see Table of Assembling Clearances ( 
ual, Part 4). 

b. Need for reinforcement at t e coped section in bending. 

c. Adequacy of this connection with respect to the supporting member. 

d. If a smaller gage on the outstanding leg of the connection angles is required, the 
bolts must be staggered with those in the beam web. An even stagger will permit 
the use of a 5-in. gage using angles 3% x 3% x ?4 x 0'-10 . The stagger portion 
of the Table of Stagger for Tightening ( anual, Part 4) is helpful in verifying 
clearances. 

36 x 230, t ,  = 0.460 in. 
6 (4 = 36 ksi and b;, = 58 ksi) 

Beam reaction = 340 kips 
olts: %-in. dia. A490-X in l%G-in. dia. holes 

Solution: 

From Table II-A, select a connection with 8 rows (n = 8) of %-in. dia. A490-X bolts 
e 340-kip reaction. Note that this value 

by shear on the net section of the %-in. thick 



SECTION AT B 

angles at length L = 23% in. From Table II-C, the net shear capacity with %in. dia. 
bolts and n = 8 on angles %-in. thick and 23%-in. long is 348 kips > 340 kips o. 

Bearing capacity of the beam may be checked from Table I-E, where the value 60.9 
kipdin. thickness is read for F, = 58 ksi and %-in. dia. bolts at in. spacing. Allowa- 
ble bearing R = 60.9 x 0.760 x 8 = 370 kips > 340 kips o 

Bearing on the angle material is checked with Table I-F. The 1?4-in. vertical edge 
distance on the top bolt is less than 1%d (1% in.), so the bearing value for the top 
bolt is 36.3 kipdin. The value for the remaining seven bolts is 60.9 kipdin. The ca- 
pacity of the connection angles is 5/s [36.3 + (7 x 60.9)] = 289 kips > 340/2 = 170 
kips o.k. 

Since this beam is not coped, beam web tear-out does not require checking. 

The connection as sketched is adequate. Attention must also be given to: 

a. Insertion and driving clearance; see Table of Assembling Clearances (Manual, 
Part 4). 

b. Adequacy of this connection with respect to the supporting member. 

c. If a smaller gage is required on the outstanding legs of the connection angles, 
the bolts must be staggered with those in the beam web. An even stagger will 
permit the gage to be reduced to 7 in. and still maintain driving clearances 
while maintaining the 3-in. pitch. See Table of Stagger for Tightening (Manual, 
Part 4). 

Given: 

Beam: W24 x 76, t ,  = 0.440 in. 
A572 Gr. 50 (4 = 50 ksi and F, = 65 ksi) 

Connection angles: A36 (4 = 36 ksi and F, = 58 ksi) 
Beam reaction = 156 kips 
Bolts: 1-in. dia. A325-N 
Holes: 11/16 X 15/16 (short slots), long axis perpendicular to transmitted force 

* This dimension (see sketch, Section at B) is one-half the decimal web thickness rounded to the next 
higher %6 in., as in Ex. 1. 

.. :.. 
AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



S I"+ A325-N bolts 
w 
U, 1 1/16"$ holes in beam web 
3 - 11/16 x 1% slots in angles 
K .- hardened washers over slots 
E 
s 
b 

3 s  
,+,+ 

SECTION AT C 

From Table 11-A, select a connection with 5 rows (n = 5) of 1-in. dia. A325-N bolts 
and shear value of 165 kips using %-in. thick angles. This exceeds the 156-kip reac- 
tion. 

ing capacity of the beam may be checked from Table I-E, where the value 78.0 
in. thickness is read for F, = 65 ksi and 1-in. dia. bolts at in. spacing. Allowa- 

ble bearing R = 78.0 x 0.440 x 5 = 172 kips > 156 kips o 

Check capacity of the A36 connection angles using Table I-F with F, = 58 ksi and 
I ,  = 1%-in. edge distance. The top bolt has a material bearing value of 36.3 kipslin. 

lowable bearing on the connection angles then is 5/8 X [36.3 3- (4 X 69.6)] = 197 
kips > 15612 = 78 kips. o.k. 

Since this beam is not coped, beam web tear-out (block shear) does not require 
checking. 

The net shear capacity of the angles need not be checked, using Table 11-C, for the 
reason given in Ex. 1. 

Note that short slots are permitted in any and all plies of slip-critical or bearing-type 
connections using high-strength bolts. To simplify the fabrication, slots are put in the 
angles, rather than the beam web. ardened washers are required over these slots 
because they are in an outer ply. 

The connection as sketched is adequate. Attention must also be given to the follow- 
ing: 
a. Insertion and driving clearances; see Table of Assembling Clearances (Manual, 

Part 4). 

b. Adequacy of this connection with respect to the supporting member, 

c. An even stagger of web bolts with those in the outstanding legs will permit use 
of a 7-in. gage and still maintain driving clearances while maintaining the 3-in. 
pitch. See the Table of Stagger for Tightening ( 

* This dimension (see sketch, Section at C) is one-half the decimal web thickness rounded to the next 
higher %6 in., as in Ex. 1. 



4 - 16 

The same conditions as Ex. 3, except the beam is coped 1% in. deep at the top 
flange. Find the allowable reaction on the modified beam. 

Solution: 

The allowable reaction of the coped beam will be the least value determined by the 
bolt shear, bolt bearing, beam web tear-out (block shear) or shear capacity of the 
connection angles. 

1. Bolt shear: From Table 11-A, R = 165 kips. 

2. Bolt bearing of beam web: 

From Table I-F, for 1, = 1% in. and Fu = 65 ksi: 

Allowable R = 0.440 in. x [(I bolt x 40.6) + (4 bolts x 78.0)] = 155 kips 

olt bearing on connection angles: 

From Table I-F, for 1, = 1% in. and Fu = 58 ksi: 

Allowable R = % in. x 2 angles x [(I bolt x 36.3) + (4 bolts x 69.6)] = 393 kips 

4. Web tear-out: 

From Table 1-6, for 1, = 1% in., lh = 2% in., t = 0.440 in. and Fu = 65 ksi: 

Coefficient GI = 1.50 
Coefficient C, = 1.90 
Total 3.40 

RBS = (C1 + C7,) Fut 
= 3.40 x 65 X 0.440 = 97.2 kips 

5. Shear capacity of angles: 

From Table 11-C, for 1-in. bolts, angle thickness = % in., L = 14% in. (n = 5): 

Shear capacity = 200 kips 

The allowable reaction is limited to 97.2 kips and the conditions assumed would re- 
quire a redesign of this connection. 



Beam reaction = 300 kips 
Bolts: 1%-in. dia. A490-N in 1%~-in. dia. holes 

d 

SECTION AT D 

Solution: 
Since values are not tabulated in this anual for 1%-in. dia. fasteners, they must be 
derived from the AISC ASD Specification. e following is offered as a guide and out- 
line. References are to sections of the AISC ASD Specification and Commentary. 

olt shear: 

Area of 1%-in. dia. bolt = 0. 

F, = 28.0 ksi 

Single shear capacity = 0.994 x 28 = 2'7.8 kipslbolt 

No. bolts req'd = 300/(27.8 x 2) = 5.4. 

Since this beam is coped, judgement and experience suggest try- 
ing 10 bolts because web tear-out is likely to be critical. 

Bolt spacing: 

Minimum spacing = 2%d = 3 in. 

Preferred spacing = 3d = 3% in. 

To satisfy bearing on web: 

Spacing = 2PIP;,t + dl2 

= (2 x 300110)/(58 x 0.945) + (1%)/2 = 1.66 in. 

Use 3-in. spacing, which is standard but less than the preferred 
spacing. 

Edge distance: 

Minimum distance in the direction of reactive force: 

1, = 2PIFut = (2 x 300/10)/(58 x 0.945) = 1.09 in. 

inirnum for gas cut edge) 

Specification 
and 

Commentary 
Reference 

Table 53.2 

Table 53.5 



4. Since this beam is coped, failure by shear an ASD 

the fastener holes must be checked. Specification 
Reference 

Allowable block shear RBS = 0.30AvFu + 0.50AtFu 
54 

This equation expands to the general expression shown at Table I-G 

RBs = ((0.3 1, + 0.5 lh) + 0.3 [(n - l)(s - dh) - dh/2] - dd4) Fut 

= {[(0.3 X 1%) + (0.5 X I%)] 

+ 0.3[(10 - 1)(3 - 13/16) - l%2] - 1%4) 58 X 0.945 

= 308 kips 

5. Connection angles: 

Try 2 L 6 x 4 x % x 2'- 6, A36. 

Allowable bearing: 

From AISC ASD Specification Table J3.5 for 1%-in. dia. bolts, 1, = 1% in. < 
1% d = 1.69, 

Top Bolt: F, x t/2 x edge distance 
58 x 0.512 x 1% = 21.8 kips 

Remaining Bolts: 1.2 X F, X d X t 
1.2 x 58 x 1% X % = 39.2 kips 

R = (1 bolt x 21.8) + (9 bolts x 39.2) = 374 kips o.k. 

Shear on plane through fasteners: 

Allowable shear is 0 .44  = 14.5 ksi on the gross area or 0.3Fu = 17.4 ksi on the 
net area. Shear on the net area governs when (d + 1/16 in.) > L16n. Then 301 
(6 x 10) = 0.5 in. and net area governs. 

Net area = 2t [L - n(d + 1/16)] 

fv = 300118.1 = 16.6 ksi < 17.4 ksi 

6. The connection as sketched is adequate. Attention must also be given to the fol- 
lowing: 

a. Insertion and driving clearances; see Table of Assembling Clearances (Manual, 
Part 4). 

b. Need for reinforcement at the coped section in bending. 

c. Adequacy of this connection with respect to the supporting member. 

d. If a smaller gage is required on the outstanding legs, a new design is required, 
since the maximum number of fasteners has been used in the beam web. Con- 
sideration can be given to larger diameter bolts and to the use of a second gage 
line in the web. The effect of web tear-out (block shear) on a connection with 
two gage lines has not been determined at this time. 



Note: ForL=2% use one half 
the tabular load value 

.. ' I  
shown forL=5lh,,forthe 

,+ same bolt type, d~ameter, -* and thickness. 
STAGGERED BOLT 

ALTERNATE 

For A307 bolts in standar 
connections with standard holes and Class A, clean mill scale surface condition. 

TwpFi Note: 

Bolt Dia., d For slip-critical 
connections 
with oversize 

,ngle Thickness 
1/4 5/16 % 5/18 5/g or slotted 

t, In. holes, see 
Table II-B. 

In. In. n 

Notes: 
aTabulated load values are based on double shear of bolts unless noted. See RCSC Specifi- 
cation for other surface conditions. 

bCapacity shown is based on double shear of the bolts; however, for length L, net shear on 
the angle thickness specified is critical. See Table II-C. 



STAGGERED BOLT 
ALTERNATE 

Note: ForL=2'/2 use one half 
the tabular load value 
shown forL=5'h,,forthe 
same bolt type, d~ameter, 

gage and thickness. 

TABLE Il-A Bolt Shear 
For bolts in bearing-type connections with standard or slotted holes. 

Fv, Ksi 21 .C 

Bolt Dia., d 
In. 9 4  % 1 C % I C va 1 1 %  % 1 

~ngle Thickness 
9 8  '12 Va Y8 5/8 '18 t, In. 

L L' 
In. I In. I n 1 1  

Tabulated load values are based on double shear of bolts. 

Shaded values are based on double shear of the bolts; however, for length L, net shear on 
the angle thickness specified is critical. See Tabie Il-C. 

For shaded cells without values, shear rupture is critical for lengths L and L' on angle thickness 
specified. See Table Il-C. 



STAGGERED BOLT 
ALTERNATE 

Note: ForL=2lh use one half 
the tabular load value 
shown forL=5lI~. for the 
same bolt type, djameter, 

-gage and thickness. 

For bolts in slip-critical connections with oversize, short-slotted, or long-slotted holes 
and Class A, clean mill scale surface condition. 

Hole Type 7r ~ong-slotted Holes 11 Oversize and Short-slotted Holes 

aTabulated load values are based on double shear of bolts unless noted. See RCSC Specifi- 
cation, for other surface conditions. Slotted holes are parallel to beam flange. When slotted 
holes are not parallel to beam flanges, the above connection angle values and details will 
differ. See AlSC ASD Specification, Sects. J3.8 and J3.9. 

bCapacity shown is based on double shear of the bolts; however, for length L, net shear on 
the angle thickness specified is critical. See Table 11-C. 

"Capacity shown is based on double shear of bolts; however, for L = 5% in., with oversize 
holes, net shear in the angle thickness specified is critical and tabulated load reduces to 
44.0 kips. 



NOTES: Table based on an allowable shear of 0.3FU (1 7.4 ksi for A36 angles) of the net 
section of two angles. 
Net section based on diameter of fastener + ' h e  in. 



Web 

k (min.) 'I2 7 -4-k 

W e d  B > ~  

<weld A 

Case I Case II 

Table 111 is arranged to permit substitution of welds for bolts in the connections 
shown in Table 11 which fall within the weld capacities. Welds A replace fasteners 
in the beam web legs (Case I). Welds B replace fasteners in the outstanding legs 
(Case 11). 

To accommodate usual gages, angle leg widths will generally be 4 x 395, with 
the 4-in. leg outstanding. Width of web legs in Case I may be reduced optionally 
from 3% to 3 in. Width of outstanding legs in Case I1 may be reduced optionally from 
4 to 3 in. for values of L = 5% in. through 1'-5%. 

Angle thickness is equal to weld size plus %6 in., or thickness of angle from ap- 
plicable Table 11, whichever is greater. 

Angle length L must be as tabulated in Table 111. 
Holes for erection bolts may be placed as required in legs to be field-welded 

(optional). 
When bolts are used, investigate bearing capacity of supporting member. 
Although it is permissible to use Welds A and B in combination to obtain all- 

welded connections, it is recommended such connections be chosen from Table IV. 
This table will usually provide greater economy and allow increased flexibility in se- 
lection of angle lengths and connection capacities. 

Allowable capacity for Weld A utilizes instantaneous center solutions based on 
the same criteria developed for bles XIX to XXVI, Eccentric Loads on Weld 

owever, capacity for Weld B is computed using traditional vector analysis 
techniques. 

Beam: 

Reaction: 

s: 

36 X 150 (not coped); t, = 0.625 in. 
= 36 ksi; F,, = 14.5 ksi 



olufion: 

Enter Table III under Id A and note that a value that satisfies the reaction is 222 
kips. This requires %6-in. welds and 23%-in. long angles. Use %-in. thick angles to 
meet the weld requirement stipulated in AISC ASD Specification Sect. J2.2b. The 
0.625-in. web thickness is less than the minimum required 0.64 in., so the reduction 
in capacity is (0.62510.64) x 222 kips = 217 kips. 

Note, in Table 11-A, the angle length provides for 8 rows of %-in. dia. AS 
A325-N bolts with a capacity of 202 kips. The %-in. required angle thickness is the 
same as the %-in. angle thickness required due to Weld A. 

Detaildata: Two L 4 x 3% x % X 1'-11% 
Fy = 36 h i  
Sixteen %-in. dia. ASTM A325-N bolts (threads included in shear 

plane) 
%-in fillet weld, E70XX 

Given: 

Beam: 16 x 26 (not coped); t, = 0.25 in. 
Fy = 36 ksi; F, = 14.5 ksi 

Reaction: 46 kips 
Bolts: %-in. dia. ASTM A307 
Welds: E70XX 

Solution: 

See Table 11-A and note 4 rows of bolts with 11%-in. long angles are compatible with 
a 16-in. deep section. Capacity of the %-in. dia. ASTM A307 bolts with %-in. thick 
angles is 48.1 kips. 

Note in Table 111 that 72.7 kips capacity is designated for %-in. Weld A and 11%-in. 
long angles. The 0.25-in. web thickness is less than the minimum 0.38 in. listed. The 
reduced capacity is (0.2510.38) X 72.7 kips = 47.8 kips. The %-in. angle thickness re- 
quired for bolts is satisfactory for the %-in. weld. 

Detail data: Two L 4 x 3% x % x 0'-11% 
Fy = 36 ksi 
Eight %-in. dia. ASTM A307 bolts 
%-in fillet weld, E70XX 

Given: 

eam: W 36 x 150 (coped); t ,  = 0.625 in. 
Fy = 36 ksi; F, = 14.5 ksi 

Reaction: 155 kips 
olts: %-in. dia., ASTM A490-N 

Welds: E70XX 



Solution: 

Enter Table I11 under Weld B and note the value most nearly satisfying the reaction 
is 156 kips. This requires %.5-in. Weld B and 20%-in. long, %-in thick angles. Table 
11-A shows a bolt capacity for a 7 fastener connection of 236 kips, which is more than 
the 155 kips required. Therefore, a 20x411. long angle is selected from Table 111. 

Check bearing on beam web = 15517 = 22.1 kips per bolt in double shear bearing. 
From Table I-E, the allowable bearing 60.9 kips for 1-in. thickness and 3-in. spacing; 
60.9 x 0.625 in. = 38.1 kips per bolt allowable. Assuming the beam is coped, and 
using 1%-in. edge distance for the top bolt, the single shear bearing capacity of the 
%-in. connection angle (Table I-F) is, 

% [(I bolt x 36.3) + (6 bolts x 60.9 kips)] = 151 kips o. 

Check block shear: 

(C, + C,) F, t = (1.25 + 3.34) 58 x 0.625 = 166.4 kips o.k. 

Detail data: Two L 4 x 3% x % x 1'-8% 
F, = 36 ksi 
Seven %-in. dia. AS 
%-in. fillet weld, E70XX 

Given: 

Beam: 16 x 31 (not coped); t,,, = 0.275 in. 
= 50 ksi; F,, = 20 ksi 

Reaction: 39 kips 
: %-in. dia., ASTM A325-N 
s: E70XX 

Solution: 

Enter Table 111 under Weld B and note the value most nearly satisfying the reaction 
is requires %-in. Weld B and 8%-in. long, %-in. thick angles. 

Enter Table 11-A for 3 rows of fasteners and note that the angle length is compatible 
with beam size. Capacity of three %-in. dia. ASTM A325-N bolts is 55.7 kips. 

Check bearing on beam web = 3913 = 13 kips per bolt in double shear. From Table 
I-E, the allowable bearing is 58.5 kips for 1-in. thickness at 3-in. spacing; 58.5 x 
0.275 = 16.1 kips per bolt allowable. Assuming 1%-in. edge distance for the top 
bolt, the single shear bearing capacity of %-in. connecting angle (Table I-F) is, 

3/8(3 x 52.2) = 58.7 kips o.k. 

Detail data: Two L 4 x 3% X % X 0'-8% 
F, = 36 ksi 
Three %-in. dia. AS 
?&in. fillet weld, E70XX 



Weld A 

:apacity, 
Kips 

266 
21 3 
160 

245 
196 
147 

222 
178 
133 

198 
1 58 
119 

174 
139 
104 

148 
118 
88.7 

121 
97.0 
72.7 

92.1 
73.7 
55.3 

61.8 
49.5 
37.1 

bSize, 
In. 

5'1 6 

'/4 

3/1 6 

54 6 
1/4 

3h 6 

5/16 

'h 
3/l6 

5/16 

'/4 

3/16 

=A 6 
1/4 

%e 

5/16 

l/4 

3/16 

71 6 
'/4 

3 ?  6 

5/16 

'/4 

3'1 6 

5/16 

'/4 

3/16 

Weld B 

Sapacity 
Kips 

296 
247 
197 

261 
21 7 
173 

223 
186 
149 

187 
156 
125 

152 
126 
101 

115 
95.7 
76.6 

80.1 
66.9 
53.4 

48.2 
40.3 
32.2 

21.9 
18.3 
14.6 

Size, 
In. 

Angle 
Length 

L 
In. 

'When the beam web thickness is less than the minimum, multiply the connection capacity 
furnished by Weld A by the ratio of the actual web thickness to the tabulated minimum thick- 
ness. Thus, if 5/16 in. Weld A, with a connection capacity of 148 kips and a 14%-in. long 
angle, is considered for a beam of web thickness of 0.375 in. with Fy = 36 ksi, the connection 
capacity must be multiplied by 0.37510.64, giving 86.7 kips. 

bShould the thickness of material to which connection angles are welded exceed the limits 
set by AlSC ASD Specification Sects. J2.1 b or J2.2b for weld sizes specified, increase the 
weld size as required, but not to exceed the angle thickness. 

'When welds are used on outstanding legs, connection capacity may be limited by the shear 
capacity of the supporting member as stipulated by AlSC ASD Specification Sect. F4. 
See Ex. 13 and 14 for Table IV. 

Note 1: Connection angles: Two L 4 x 3% x thickness x L; Fy = 36 ksi. See discussion 
preceding examples for Table 111 for limiting values of thickness and optional width of 
legs. 

Note 2: Capacities shown in this table apply only when the material welded is Fy = 36 ksi or 
Fy = 50 ksi steel. 



Web t h i c k n e s s 4  , , 

Table IV lists capacities and details for angle connections welded to both the beam 
web and the supporting member. 

tion bolts may be placed as required in legs that are to be field 

Allowable capacity for Weld A utilizes instantaneous center solutions based on 
the same criteria developed for Tables XIX to VI, Eccentric Loads on Weld 
Groups. However, Weld B capacity is computed using traditional vector analysis 
technique. 

Given: 

36 x 150; t, = 0.625 in.; T = 32Y8 in. 
Fy = 36 ksi; F,, = 14.5 ksi 

Id: E70XX 
Reaction: 170 kips 

Solution: 

Enter Table IV and select a Weld A capacity of 174 kips (weld size = ?4 in.). Weld 
B has a capacity of 191 kips and is satisfactory. The angle length (24 in.) is less than 

36 x 150 and is satisfactory. The beam web thickness (0.625 in.) exceeds 
the minimum web thickness (0.51 in.), so no reduction in Weld A capacity is re- 
quired. 

Detail data: Two L 4 x 3 x % x 2'- 0' ; Fy = 36 ksi 



Given: 

Same data as Ex. 10, except the reaction is 144 

Solution: 

Enter Table IV and select a Weld A capacity of 151 kips (weld size = Y4 in.). Weld 
B has a capacity of 152 kips and is satisfactory. The angle length (20 in.) is less than 
T and is satisfactory. The beam web thickness (0.625 in.) exceeds the minimum web 
thickness (0.51 in.), so no reduction in Weld A capacity is required. 

Unless framing details require this short angle length, longer angles with less depos- 
ited weld metal may be desirable. The 28-in. long angles with Weld A capacity of 149 
kips (weld size = 3/16 in.) and Weld B capacity of 185 kips are also satisfactory and 
may be selected. 

Detail data: Two L 4 x 3 x 5/16 x 2'- 4 ; 67y = 36 ksi 
Weld A = 3/16 in., E70XX 
Weld B = 1/4 in., E70XX 

Given: 

Beam: W 16 x 26; t ,  = 0.25 in.; T = 13% in. 
Fy = 50 ksi; F, = 20 ksi 

Weld: E70XX 
Reaction: 35 kips 

Solution: 

Enter Table IV and select a Weld B capacity of 35.5 kips (weld size = ?h in.). Angle 
length (8 in.) is less than T and is satisfactory. Weld A has a capacity of 51.5 kips 
using %-in. weld size. However, the beam web thickness (0.25 in.) is less than the 
minimum web thickness (0.28 in.), so Weld A capacity is reduced to .25/.28 times 
51.5 or 46.0 kips. 

Detail data: Two L 3 x 3 x %6 X 0'- 8 ; Fy = 36 ksi 
Weld A = 3/16 in., E70XX 
Weld B = Y4 in., E70XX 

Selection of connections tabulated herein is based on and limited by the requirement 
that Weld B will be applied in accordance with AISC ASD Specification Sects. J2.lb 
and J2.2b, which stipulates minimum welds for various material thicknesses. 

With respect to Weld B, it should be noted that supporting members with lim- 
ited shear capacity, or which support opposed connections, may be subject to a re- 
duction in connection capacity. See AISC ASD Specification Sect. 52.4. 



Given: 

= ?&-in. fillet weld, 
fully loaded on one side 

of %-in. thick supporting member 
web of F, = 36 ksi steel. Weid 

Solution: 

Shear value of one %-in. fillet weld = 0.3125 in. x 0.707 x 21.0 ksi = 4.64 kipsllin. 
in. Shear value of %-in. thick web = 0.25 in. x 14.5 ksi = 3.63 kipsllin. in. 

Because of this deficiency in web shear capacity, the total capacity selected from the 
Weld B column for %-in. weld must be reduced by the ratio 3.6314.64. 

Given: 

Two floor beams with end reactions of 15.0 kips each are to be supported by a beam 
of F, = 36 ksi steel with a %6-in. thick web. 

Weld 

Solution: 

%-in. Weld B with 5-in. long angles has a capacity of 15.7 kips when fully stressed. 
Maximum shear developed in the two %-in. fillet Welds B on opposite sides of the 
supporting beam web = 2 x 0.25 x 0.707 x 21.0 x 15115.7 = 7.09 kipsllin. in. Shear 
capacity of %-in. web = 0.3125 x 14.5 = 4.53 kipsllin. in. A longer connection is 
required to reduce the web shear. Required Weld B capacity is 15.7 kips x 7.0914.53 
= 24.6. TWO 7-in. long angles with %-in. Weld B have a tabulated capacity of 28.3 
kips and are adequate. 



Weld A 

:apacity 
Kips 

277 
221 
166 

262 
21 0 
157 

248 
198 
149 

234 
187 
140 

21 8 
1 74 
131 

204 
1 63 
122 

188 
151 
113 

172 
138 
103 

156 
125 
94.0 

139 
112 
83.7 

122 
97.2 
72.9 

bSize 
In. 

5/16 

'h 
?4 e 

5/16 

'/4 

3/1 

5/1 

l/4 

7 1  6 

=/i 6 

lh 
34 a 

%6 

'/4 

3 ?  6 

5/16 

'/4 

5'1 6 

5/16 

'h 
34 6 

5/16 

'h 
?A 6 

%6 

'/4 

%6 

%6 

'/4 

3/16 

5/16 

'h 
3/16 

Weld B I: 
Weld A>+ 

Weld 6 

Zapacity 
Kips 

326 
271 
21 7 

302 
251 
201 

278 
231 
185 

254 
21 1 
169 

230 
191 
153 

206 
171 
137 

4 81 
152 
121 

157 
131 
105 

148 
4 23 
98.8 

124 
103 
82.5 

99.6 
83.1 
66.5 

For footnotes, see next page. 

bSize 
In. 

- 
Angle 
.ength 

L 
In. 

Angle 
Size 

[F, = 36 ksi) 



Capacity 
Kips 

Sizeb 
In. 

Weld B 3 
Weld A* 

Weld B 

:apacity' 
Kips 

Sizeb 
In. 

- 
Angle 
-ength 

L 
In. 

Angle 
Size 

Fy = 36 ksi 

'Minimum Web 
Thickness for Weld A 

Fy = 36 ksi 
F,, = 14.5 ksi 

.64 

.51 

.38 

.64 

.51 

.38 

.64 

.51 

.38 

.64 

.51 

.38 

.64 

.51 

.38 

.64 

.51 

.38 

.64 

.51 

.38 

"When the beam web thickness is less than the minimum, multiply the connection capacity 
furnished by Welds A by the ratio of the actual thickness to the tabulated minimum thick- 
ness. Thus, if %-in. Weld A, with a connection capacity of 85.8 kips and an 8-in. long angle, 
is considered for a beam of web thickness 0.305 in. and Fy = 36 ksi, the connection capacity 
must be multiplied by 0.30510.64, giving 40.9 kips. 

bShould the thickness of material to which connection angles are welded exceed the limits 
set by AlSC ASD Specification Sects. J2.1 b and J2.2b for weld sizes specified, increase the 
weld-size as required, but not to exceed the angle thickness. 

'For welds on outstanding legs, connection capacity may be limited by the shear capacity of 
the supporting members, as stipulated by AlSC ASD Specification Sect. F4. See Ex. 13 and 
14 for Table IV. 

Note 1 : Capacities shown in this table apply only when connection angles are Fy = 36 ksi 
steel and the material to which they arewelded is either Fy = 36 ksi or Fy = 50 ksi steel. 



Top angle, 

,-Optional 
location, 
top angle 

1 beam gage) 

see Typesi/ /-----/--~ngle length 
A through F (Table V-A or V 
for fastener 
arrangement 

6, long f+ 
6" long 

Seat Angle Types 

Seated connections should be used only when the beam is supported by a top angle 
placed as shown above, or in the optional location as indicated. 

Nominal beam setback is % in. Allowable loads in Tables V-A and V-B are 
based on Y4-in, setback, which provides for possible mill underrun in beam length. 

ASTM A307 bolts may be used in seated connections, provided the stipulations 
of AISC ASD Specification Sect. 51.12 are observed. 

Allowable loads in Table V-A are based on Fy = 36 ksi steel in both beam and 
seat angle. These values will be conservative when used with beams of Fy greater 
than 36 ksi. For beams with Fy equal to or greater than 50 ksi, use Table V-B. 

Allowable loads in Table V-B are based on Fy = 36 ksi steel in the seat angle and 
Fy = 50 ksi steel in the beams. For beams with Fy greater than 50 ksi, these values 
will be conservative. * 

Vertical spacing of fasteners and gages in seat angles may be arranged to suit 
conditions, provided they conform to AISC AS Specification Sects. 53.8 and 53.9 
with regard to minimum spacing and minimum edge distances. Where thick angles 
are used, driving clearances may require an increase in the outstanding leg gage. 

In the event the thin web of a supporting member limits its bearing capacity, it 
will be necessary to reduce values listed in Table V-C. 

For the most economical connection, the reaction values of the beams should be 
shown on the contract drawings. If the reactions are not shown, the connections must 
be selected to support the beam end reaction calculated from the Allowable Uniform 
Load Tables for the given shape, span and steel specified for the beam in question. 
The effect of concentrated loads near an end connection must also be considered. 

* For the static model o f  the connections, see Brockenbrough, R. L. and J. H. Garrett, Jr. Design 
Loads For Seated-beam Connections in LRFD. AISC Engineering Journal, 2nd Qtr., 1986, 
Chicago, ZL. 



It should be noted that certain beams with slender webs might have allowable 
reactions less than the seat capacities tabulated in Table V. Since the values in Table 
V result from a model that includes Equation (Kl-3), beams need only be checked by 
Equation (Kl-5) or the allowable end reaction calculated by Rg + (N X R4). 

Given: 

Beam: W 16 x 50, (%-in. web) 
F,, = 34 ksi material 

Reaction: 30 kips 
Bolts: %-in. dia. A325-N 
Column gage: 5% in. in column web 

Solution: 

Enter Table V-A under 8-h. angle length, for a %-in. beam web; select a %-in. angle 
thickness (capacity = 34.4 kips). Enter Table V-C opposite %-in. dia. A325-N; note 
that a Type D connection (capacity = 37.9 kips) is required. From Table V-D, with 
a Type D connection, a 4 X 4 angle is available in %-in. thickness. Check beam web 
crippling. From the Allowable Uniform Load Tables, Rj = 37.9 and R, = 3.28, Rg 
+ NR4 = 37.9 + (4 x 3.28) = 51.0 kips s.k. 

Detail data: 
Seat: One L 4 x 4 x % x 0'- 8 with three %-in. dia. A325-N bolts. 
Top angle or side support: To be chosen to suit conditions. 

Given: 

Same as Ex. 15 except connect to a column flange with column gage = 5Y2-in. 

Solution: 

As in Ex. 15, a %in. angle thickness is adequate. Enter Table V-C opposite %-in. 
dia. A325-N; note that a Q p e  B connection (capacity = 50.5 kips) is required. From 
Table V-D, with a Type B connection, a 6 x 4 angle is available in %-in. thickness. 

Detail data: Seat: One L 6 x 4 x % X 0'- 8 (4-in. OSL) with four %-in. dia. 
A325-N bolts. 

Top angle or side support: To be chosen to suit conditions. 



astener 
Xa., In. - 

3/4 

% 
1 

3/4 
7Ja 
1 

3/4 
7 0  
1 

3/4 
7/8 
1 

3/4 

% 
1 

3/4 

% 
1 

3/4 

% 
1 - 

Connection T V D ~  Available I 

I 

aA325-SC and A490-SC: Slip-critical connections with standard holes. 
,43254 and A490-N: Bearing-type connections with threads included in the shear plane. 
A325-X and A490-X: Bearing type connections with threads excluded from shear plane. 



%"nominal 
setback 

(Table VI-A or VI-0) 

Angle length 

1 Optional location, 
top angle (weld toe only) 

Seated connections should be used only when the beam is supported by a top angle 
placed as shown above, or in the optional location as indicated. 

Allowable loads in Table VI are based on the use of E70XX electrodes. The 
table may be used for other electrodes, provided the tabular values are adjusted for 
the electrodes used (e.g., for E6OXX electrodes, multiply tabular values by 18/21, or 
0.86, etc.) and the welds and base metal meet the required strength level provisions 
of AISC ASD Specification Sect. 52.4. 

Welds attaching beams to seat or top angles may be replaced by bolts. AST 
A307 bolts may be used in seated connections, provided the stipulations of AISC 
ASD Specification Sect. 51.12, are observed. 

In addition to the welds shown, temporary erection bolts may be used to attach 
beams to seats (optional). 

Nominal beam setback is % in. Allowable loads in Tables VI-A and VI-B are 
based on %-in. setback, which provides for possible mill underrun in beam length. 

Allowable loads in Table VI-A are based on li, = 36 ksi material in both beam 
and seat angle. These values will be conservative when used for beams with Fy 
greater than 36 ksi. 

Allowable loads in Table VI-B are based on Fy = 36 ksi material in the seat 
angle with beam material of F, = 50 ksi. These values will be conservative when used 
with beams of Fy greater than 50 ksi. 

Allowable weld capacities in Table VI-C are computed using traditional vector 
analysis. 

Should combinations of material thickness and weld size selected from Tables 
VI-A or VI-B and VI-C exceed the limits set by AISC ASD Specification Sects. 
J2.lb, J2.2b and 52.4 increase the weld size or material thickness as required. 

No reduction of the tabulated weld capacity is required when unstiffened seats 
line up on opposite sides of the supporting web. 

For the most economical connection, the reaction values of the beams should be 
shown on the contract drawings. If the reactions are not shown, the connections must 
be selected to support the beam end reaction calculated from the Allowable Uniform 

ad Tables for the given sh span and steel specified for the beam in question. 
e effect of concentrated 1 near an end connection must also be considered. 



It should be noted that certain beams, with s 
reactions less than the seat capacities tabulated in le V. Since the values in Table 
V result from a model that includes Equation (Kl-3), beams need only be chec 
Equation (Kl-5) or the allowable end reaction calculated by R3 + ( N  X R4).  

Given: 

eam: W 21 x 62, (%-in. web). 
Attach beam flange to seat with bolts. 
F,, = 36 ksi material 

Reaction: 30 kips 
Welds: E70XX electrodes 
Column: Column web will permit use of 8-in. long seat angle. 

Solution: 

Enter Table VI-A opposite %-in. web thickness; under &in. angle length, read 34.4 
kips. Note that a %-in. angle thickness is required. Enter Table VI-C and note that 
satisfactory weld capacities appear under 5 through 8 inch leg angles, all of which are 
shown to be mailable in %-in. thickness. In this case, the 5 x 3% and 6 x 4 angles 
are ruled out because of the rather heavy welds required. (% in. and 7/16 in. respec- 
tively). 

Angles 8 X 4 (capacity = 35.6 kips, %-in. weld) and 7 X 4 (capacity = 35.6 kips, 
%-in. weld) are equally suitable. Angle 7 x 4 is chosen because the material savings 
will usually offset the cost differential between welds of %-in. thickness differential, 
provided each weld can be made with the same number of passes (%-in. welds and 
smaller are single pass welds). Check beam web crippling. From the Allowable Uni- 
form Load Tables, R3 = 40.5 and R, = 3.03, R3 + NR, = 40.5 + (3.5 x 3.03) = 51.1 

Detail data: One L 7 x 4 x 3/4 X 0'- 8 with %-in. welds (E70XX). 
Top or side angle, as required. 

Had it been required to weld the beam to the seat, the %-in. seat angle thickness 
would dictate a %-in. weld, which is compatible with the %-in. beam flange thickness 
(see AISC ASD Specification Sect. J2.2). lock beam flange to permit welding to 
the 8-in. seat angle or use a longer seat angle if space permits. 



TABLE VI-A. Outstanding Leg Capacity, kips (based on OSL = 3% or 4 in.) 
1 Angle Length I 6 In. 8 In. 

I I I Anale Thickness. In. 1 ?4 1 */2 1 % 1 

Thickness, ii 
Note: Values above heavy lines apply only for 4411. outstanding legs. 

TABLE VI-B. Outstanding Leg Capacity, kips (based on OSL = 3'/2 or 4 in.) 

E70XX Electrodes 1 Weld I 
Size Seat An! 

5X31/z 

17.2 
21.5 
25.8 
30.1 
34.4 
43.0 
47.3 
- 

? Size (long-le 
6x4 

21.8 
27.3 
32.7 
38.2 
43.6 
54.5 
60.0 
- 

In. 4 x 3% 

'/4 11.5 
%s 14.3 
%3 17.2 
% B  20.1 
'/2 - 

5/e - 
"A e - 

3/4 - 
L 

Range of Available Seat Angle Thicknesses 





fitted to  bear * 

Top angle, 

'/4" rnin. thk. 

Optional 
location, 
top, angle 

1 3/4" rnin. 

3" spa. 

Seated connections should be used only when the beam is supported by a top angle 
placed as shown above, or in the optional location as indicated. 

Allowable capacities in Table VII-A are based on allowable bearing using steel 
of Fy = 36 ksi or Fy = 50 ksi in the stiffener angles. Capacities of fastener groups in 
Table VII-B are based on single shear. Connection capacity is based on the lesser of 
these two values in conjunction with the local web-yielding and web-crippling value 
of the supported beam. 

Effective length of stiffener bearing is assumed %-in. less than the length of the 
outstanding leg. 

Maximum gage in legs of stiffeners connected to columns is 2% in. 
ASTM A307 bolts may be used in seated connections, provided the stipulations 

of ASD Specification Sect. J1.12 are observed. 
Vertical spacing of fasteners in stiffener angles may be arranged to suit condi- 

tions, provided they conform to Sects. 53.8 and J3.9 with respect to minimum spac- 
ing and minimum edge distances. 

Beam seats, traditionally provided in column webs for simple beams, permit advan- 
tages: 

1. Beams require only routine punching 
2. Ample erection clearance is provided 
3. Erection is fast, safe and simple 
4. Accuracy of bay size is easy to maintain. 

To permit selection of the most economical beam connection, the beam reac- 
tions should be shown on the contract drawings. If they are not shown, the connec- 
tions must be selected to support the beam end reaction from the Allowable Uni- 
form Load Tables for the given shape, span, and steel of the beam in question. The 

* A structural tee may be used instead of a pair of angles. 



effect of concentrated loads near an en connection must also e considered. This is 
done most easily by checking the beam web for yiel ing: R = R, + (N X R2) and for 
crippling: R = R3 + (N X R,). 

For loads in excess of tabulated capacities, or for thin webs of supporting mem- 
bers, it is necessary to design special seated connections. 

Given: 

Design a stiffened seated beam connection of Fy = 36 ksi steel to support a 
99, also Fy = 36 ksi, with an end reaction of 84 kips. Use %-in. dia. ASTM A325-N 
bolts to attach the seat to a column web with a 5%-in. gage and thickness of % in. 
Assume that a top angle is required. 

Solution: 

1. From the Fy = 36 ksi Allowable Uniform Load Table: under 
R1 = 44.4 kips, R2 = 12.4 kipslin., R3 = 62.6 kips and R4 = 4.33 kipdin. 

For yielding N, req'd = (R - R1)IR2 = (84 - 44.4)/12.4 = 3.19 in. 

For crippling N, req'd = (R - R3)IR, = (84 - 62.6)/4.33 = 4.94 in. governs. 

From Table VII-A, under F, = 36 ksi, it will be seen that a 4.94-in. length of bear- 
ing requires 5-in. bearing and the 84 kip reaction requires stiffener angles of 
%-in. thickness. Use a seat plate of %-in. thickness extending beyond the stiff- 
ener angle; this requires a 6-in. leg outstanding. 

2. In Table VII-B for a %-in. dia. A325-IV fastener, 4 rows of bolts with a capacity 
of 101 kips will be required for an 84 kip reaction. 

3. Bearing on web = 8418 = 10.5 kipslbolt < 30.5 kips (Table I-El F, = 58 ksi, fas- 
tener spacing = 3 in.) 

Detail data: 

Steps 1 and 2 indicate the use of a connection with 4 rows of %-in. dia. A325-N bolts. 
Assuming it is possible to employ the suggested spacing of fasteners, detail material 
will be as follows: 

Steel: Fy = 36 ksi 
2 Stiffeners: L 5 x 5 x 5/16 x 0'-11% 
1 Seat plate: PL % x 6 x 0'-11 
1 Top angle: L 5 x 5 x % X Of-$ 



TABLE VII-A Stiffener Angle Capacity, kips 

TABLE VII-B Fastener Capacity, kips 

Fastener Number of Fasteners in One Vertical Row Fastener Diameter Specificationa In. 3 4 5 6 7 

aA325-N and A490-N: Bearing-type connections with threads included in shear plane. 
A325-X and A490-X: Bearing-type connections with threads excluded from spear plane. 



4#* 
(rnin.) Optional location, 

2 x weld size (min.) 

Seated connections should be used only when the beam is supported by a top angle 
placed as shown above, or in the optional location as indicated. 

Allowable loads in Table VII are based on the use of E70XX electrodes. The 
table may be used for other electrodes, provided the tabular values are adjusted for 
the electrodes used (e.g., for E60XX electrodes, multiply tabular values by %I, or 
0.86, etc.) and the welds and base metal meet the provisions of AISC ASD Specifica- 
tion Sect. 52.4. 

Allowable weld capacities in Table VIII are computed using traditional vector 
analysis. 

Based on Fy = 36 ksi bracket material, minimum stiffener plate thickness, t, for 
supported beams with unstiffened webs should not be less than the supported beam 
web thickness for F, = 36 ksi beams, and not less than 1.4 times the beam web thick- 
ness for beams with Fy = 50 ksi. Based on bracket material of Fy = 50 ksi or greater, 
the minimum stiffener plate thickness, t, for supported beams with unstiffened webs 
should be the beam web thickness multiplied by the ratio of Fy of the beam to Fy of 
the bracket (e.g., Fy (beam) = 65 ksi; F' (bracket) = 50 ksi; t = t ,  (beam) x 65/50, 
minimum). The minimum stiffener plate thickness, t, should be at least two times the 
required E70XX weld size when Fy of the bracket is 36 ksi, and should be at least 1.5 
times the required E70XX weld size when Fy of the bracket is 50 ksi. 

Thickness t of the horizontal seat plate, or tee flange, should not be less than 
% in. 

If seat and stiffener are separate plates, finish stiffener to bear against seat. 
Welds connecting the two plates should have a strength equal to, or greater than, the 
horizontal welds to the support under the seat plate. 

Welds attaching beam to seat may be replaced by bolts. 
ASTM A307 bolts may be used in seated connections, if the stipulations of 

AISC ASD Specification Sect. 51.12 are observed. 
For stiffener seats in line on opposite sides of a column web of Fy = 36 ksi mate- 

rial, select E70XX weld size no greater than 0.50 of column web thickness. For col- 



umn web of Fy = 50 ksi, select E70XX weld size no greater than 0.67 of column web 
thickness. 

Should combinations of material thickness and weld size selected from Table 
VIII exceed the limits set by AISC ASD Specification Sects. 52.2 and 52.4, increase 
the weld size or material thickness as required. 

In addition to the welds shown, temporary erection bolts may be used to attach 
beams to seats (optional). 

To permit selection of the most economical connection, the reaction values 
should be given on the contract drawings. If the reaction values are not given, the 
connections must be selected to support the beam end reaction calculated from the 

lowable Uniform Load Tables for the given shape, span, and steel specification of 
the beam in question. The effect of concentrated loads near an end connection must 
also be considered. 

Given: 

Beam: W 30 x 116 (flange = 10.495 in. X 0.85 in.; web = 0.565 in.) 
ASTM A36 steel (F, = 36 ksi) 

Welds: E70XX 
Reaction: 100 kips 

Design a two-plate welded stiffener seat using ASTM A36 steel. 

Solution: 

From the Fy = 36 ksi, Allowable Uniform Load Table for W30 x 116, note that R,, 
= 54.5 kips, R, = 13.4 kipdin., R, = 79.9 kips, R4 = 4.33 kipdin. 

For yielding N, req'd = (R - R,)IR, 

= (100 - 54.5)/13.4 = 3.40 in. 

For buckling N, req'd = (R - R3)lR4 

= (100 - 79.9)/4.33 = 4.64 in. 

Stiffener width = 4.64 + 0.5 (setback) = 5.14 in. 

Use W = 6 in. 

ble VIII with W = 6 in. and a reaction of 100 kips; select a %-in. weld with 
L = 15 in., which has a capacity of 103 kips. From this, the minimum length of weld 
between seat plate and support is 2 X 0.2L = 6 in. This also establishes the minimum 
weld between the seat plate and the stiffener as 6 in. total, or 3 in. on each side of 
stiffener. 

Stiffener plate thickness t to develop welds is 2 X 5/16 = % in., or 0.625 in. This is 
greater than the beam web thickness of 0.565 in.; thus, the stiffener plate thickness 
need not be increased. 

Use: %-in. plate for the stiffener and %-in. plate for seat. 



earn flange to the seat must be 5/16 in. to conform to AISC ASD 
cation Sect. 52.2, due to the 0.85-in. flange thickness of the 

Seat plate width to permit field welding of beam to seat = flange width + (4 x weld 
size) = 10.5 + (4 x 5/16) = 11.75in. 

Use: % x 6 x 1'-0 plate 

This is adequate for the required minimum weld length. 

Detail data: 

Use: L 4 x 4 x % x 0'-4 top angle (F,, = 36 ksi) with %-in. welds along toes 
of angle only. 

Given: 
earn: 21 x 68 (flange = 8.27 in. x 0.685 in.; web = 0.43 in.) 

ASTM A572, Grade 50 steel (Fy = 50 ksi) 
Welds: E70XX electrodes 
Reaction: 83 kips 

Design a two-plate welded stiffener seat using AS 

Solution: 
From the Fy = 50 ksi, Allowable Uniform Load Table for W21 X 68, note R, = 51.0 
kips, R, = 14.2 kipslin., R3 = 56.1 kips, R4 = 3.96 kipslin. 

For yielding N, req'd = (R - R1)IR2 

= (83 - 51.0)/14.2 = 2.25 in. 

For buckling N, req'd = (R - R3)IR4 

= (83 - 56.1)/3.96 = 6.79 in. 

Stiffener width = 6.79 + 0.5 (setback) = 7.29 in. 

Use W = 8 in. 

Enter Table VIII with W = 8 in. and a reaction of 83 kips; satisfying these require- 
ments are a 34.5-in. weld, L = 15 in. (84.4 kips), or a %-in. weld, L = 14 in. (89.8 
kips), or an even larger weld size. Generally, the %-in. weld is the better selection, 



as this can be made in one pass using manual welding. Select %-in. weld. From this, 
the minimum length of %-in. weld between seat plate and support is 2 x 0.2L 
= 6 in. 

Use: 6 in. weld length. This also establishes the minimum weld between the seat 
plate and the stiffener as 6 in. total, or 3 in. on each side. 

Stiffener plate thickness t to develop welds is 2 x s/,6 = s/, in., or 0.625 in. The 
minimum thickness t for a bracket of Fy = 36 ksi with a beam of Fy = 50 ksi is 
1.4 times the beam web thickness = 1.4 x 0.43 = 0.602 in. 

Use: %-in. plate for the stiffener and %-in. plate for the seat. 

Welds attaching the beam flange to the seat can be ?A in. for a 
AISC ASD Specification Sect. 52.2. 

Seat plate width, to permit field welding of beam to seat = flange width + (4 x weld 
size) = 8.27 + (4 X Y4) = 9.27 in. 

Use: 3/8 x 8 x 0'-10 plate 

This is adequate for the required minimum weld length. 

Detail data: 
Use: h 4 x 4 x % X 0'-4 top angle (F, = 36 ksi) with %-in. welds along toes of angle 

only. 



L 

In. 

- 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 

Width of Seat W, In. 

4 5 6 

Weld Size, In. 11  Weld Size, In. 11  Weld Size, In. 

Note: Loads shown are for E70XX electrodes. For E6OXX electrodes, multiply tabular loads 
by 0.86, or enter table with 1.17 times the given reaction. For E80XX electrodes, multi- 
ply tabular loads by 1.14 or enter table with 0.875 times the given reaction. 



L 

In. 

- 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 

Width of Seat W, In. 

8 

Weld Size, In. Weld Size, In. Weld Size, In. 

ate: Loads shown are for E70XX electrodes. For E6OXX electrodes, multiply tabular loads 
by 0.86, or enter table with 1.17 times the given reaction. For EBOXX electrodes, rnulti- 
ply tabular loads by 1.14 or enter table with 0.875 times the given reaction. 





This type of connection consists of a plate, less than the beam depth in length, per- 
pendicular to the longitudinal axis of the beam, we1 ed to the beam web with fillet 
welds each side of the beam web. e end-plate connection compares favorably to 
the double-angle connection and, for like thicknesses, gage lines and length of con- 
nection will furnish end rotation capacity and strength of connection closely approxi- 
mating that of the double-angle framing connection, within the range listed in the 
table. 

Fabrication of this type of connection requires close control in cutting the beam 
to length; adequate consideration must be given to squaring the beam ends such that 
both end plates are parallel and the effect of beam camber does not result in out-of- 
square end plates, which make erection and field fit-up difficult. Shims may be re- 
quired on runs of beams to compensate for mill and shop tolerances. 

For adequate end-rotation capacity, it is suggested end plates be designed for a 
plate thickness range of % in. to % in., inclusive. To develop full capacity of the fas- 
teners and welds, the end plate and web thicknesses must equal or exceed the values 
listed in the table. If the material thickness supplied by either the plate or the web 
is less than required, the fastener or weld capacity must be reduced by the ratio of 
thickness supplied to thickness required. 

The gage g should be 3% in. to 5% in. for average plate thicknesses, with an 
edge distance of 1% in. Lesser values of edge distance should be avoided. Plates 
%-in. thick, of Fy = 36 ksi steel and a gage of 3 in. should provide adequate end rota- 
tion capacity in the connection. All end-plate material thicknesses listed in the table 
are for F' = 36 ksi. Use of higher values of 6;, should be based on an engineering in- 
vestigation that confirms that adequate end rotation capacity is available. 

Weld values listed are for two fillet welds and are based on the use of E70XX 
electrodes. These weld values have been reduced by considering the effective weld 
length equal to the plate length minus twice the weld size. Welds should not be re- 
turned across the web at the top or bottom of the end plates. 

Given: 

Select an end-plate connection for a 

Fy = 36 ksi and end reaction = 24 kips. 

Solution: 

Beam web thickness: 0.270 in. 

Gage: 3% in. 

From Table IX, for beam depth limits 12 in. through 18 in., select a plate length of 
8% in. with three %-in. dia. A307 bolts per vertical row, with a listed capacity of 26.5 
kips and a required minimum plate thickness of t = 0.13 in. 

Select a %-in. plate: 0.25 in. > 0.13 in. o. 

From Table IX: 

capacity: 8% in. of %6-in. fillet = 45.2 kips 
OF STEEL CONSTRUCTION 



- 50 

inimum web thickness = 0.38 in. 

0270 x 45.2 = 32.1 kips > 24 kips o. 
0.38 

Use: 

End plate 6 in. wide X 8%-in. long X %-in. thick, with six %-in. dia. A307 bolts on 
3%-in. gage. Weld the plate to the beam web with %-in. fillet welds on each side of 
the web. 

Given: 

ct an end-plate connection for two 12 X 58 beams framing into both sides of 
30 x 191 girder. Beam reaction = kips for each of the W 12 X 58 beams and 

F, = 50 ksi for both beams and girder. 

Solution: 

Beam web thickness: 0.360 in. 

Gage: 5% in. 

Girder web thickness: 0.710 in. 

From Table IX for beam depth limits 8 in. through 12 in., select a plate length of 
5% in. with two %-in. dia. A325-N bolts per vertical row, with a listed capacity of 
37.1 kips and minimum t = 0.28 in. 

Use a %-in. end-plate thickness t = 0.3125 in. 

From Table IX: 

Weld capacity: 5% in. of %-in. fillet weld = 37.1 kips 

Minimum web t = 0.37 in. 

fl x 37.1 = 36.1 kips > 34 kips o. 
0.37 

Girder web thickness must be checked separately, using fastener spacing bearing cri- 
teria: 

Total load on girder web in double shear = 2 x 34 = 68 kips 

Using Table I-E, based on %-in. dia. bolts, 3 in. pitch and F, = 65 ksi: 

t =  " = 0.291 in. < 0.710 in. 
4 x 58.5 

.'. Girder web is adequate 

Use: 

End plate 8 in. wide X 5%-in. long x %,-in. thick, with four 34 -in. dia., A325-N 
bolts on 5%-in. gage. Weld the plate to the beam web with %-in. fillet welds on each 
side of the web. 



aNet shear controls thickness unless noted by asterisk (*). 
"Indicates edge distance bearing controls. 



e Allowable Loads tabulated in Table X are based on recent research at the Uni- 
versity of California-Berkeley* incorporating some simplified and conservative as- 
sumptions. Research on these connections has also been conducted at the University 
of Arizona. * * 

n = Number of bolts, in. 
t = Plate thickness, in. 
L = Plate length, in. 

Single bolt row. 2 5 n 5 7 
Bolt pitch = 3 in. 
Vertical edge distance = 1% in. 
Distance from the weld line to the bolt line = 3 in. 
Shear plates are F' = 36 ksi 
Fillet welds are E70XX electrodes 
t 5 db/2 + Y1.5 in. 

art 1, Dimensions and Properties for T of beam) 
Tabulated values are valid for composite and non-composite beams, standard or 
short-slotted holes, fully-tightened or snug-tight, and for all grades of beam steels 
and all loadings. These values may be overly c nservative for snug-tight bolts in 
slotted holes. Currently, research is being con ucted on the subject. 

1. Calculate plate capacity in yielding, R,, ki 

R, = 0.4 (36) x k x t 

2. Calculate fillet weld size, La in sixteenths, to develop 8,. 

D = R,l(L x C) 

where, 

C is taken from Table XIX, assuming aE = 3 in. or 
ichever is larger, and k = 0. 

* Astaneh-Asl, A, ,  K. M. McMullin and S. M. Call Design of Single-plate Framing Connections, 
Report No. UCBISEMM University of California-Berkeley, July 1988. 

* * Richard, R. M., P. E. Gillett, J. D. Kriegh and B. A. Lewis The Analysis and Design of Single- 
plate Framing Connections, AISC Engineering Journal, VoE. 17, No. 2, 2nd Qtr., 1980. 
Richard, R. M., J. D. Kriegh and D. E. Hormby Design of Single-Plate Framing Connections 

olts AZSC Engineering Journal, Vol. 19, No. 4, 4th Qtr., 1982. 
Hormby, D. E., R. M. Richard and J. D. Kriegh Single-plate Framing Connections with Grade 
50 Steel and Composite Construction, AZSC Engineering Journal, Vo1. 21, No. 3,3rd Qtr., 1984. 
Young, N. W. and R. 0. Disque Design Aids for Single-plate Framing Connections, AZSC Engi- 
neering Journal, Vol. 18, No. 4, 4th Qtr., 1981. 



In addition, research indicates that fillet weld size w need not exceed 0.75 t 

3. Calculate bolt group capacity, Rb,  kips. 

Rb = C X rV 

where, 

C is taken from Table assuming 1 = 3 in. 
rv = Single shear bolt capacity, kips 

4. Calculate net shear fracture capacity of plate R,,, kips 

R,, = 0.3 (58) [L - rt (db + 1/16)] t 

Tabulated loads are the lesser of the bolt capacity and the net shear capacity of 
the plate. Yielding of the plate does not govern any of the values tabulated. 

5. Check plate bearing capacity, Pb 
and, if beam is coped, check block shear. 

Given: 
27 x 114, t ,  = 0.540 in., A36 steel 

action: 100 kips (service load) 
Its: 7/8 in., A490-N, snug-tight, with 3-in. spacing 

Welds: E70XX fillet welds 

Solution: 
From Table X: 

7 A490-N bolts (L = 21) with ?&-in. plate and %-in. fillet welds has a capac- 
ity of 102 kips. 



Plate 

Thickness, t 

In. 

Boll Size, In. 

Weld Load Weld Load 

Plate 

Thickness, t 
In. 

'/4 

% 6 

3/a 

% 6 

lh 
9Yl 6 

Bolt Size, In. 

Load 

16.3 
16.3 
16.3 
16.3 
- 
- 

Weld Load Weld 

22.1 3/16 

22.1 '/4 

22.1 5/r 6 

22.1 318 

22.1 % 
- - 

26.9 %a 

29.4 lh 
29.4 5/1 8 

29.4 % 
29.4 % 
- - 

Load 

25.3 
28.9 
28.9 
28.9 
28.9 
28.9 



Plate 

Thickness, t 

In. 

Bolt Size, In. 

3/4 7/8 1 

Load Weld Load Weld 

%s 33.7 3/16 

lh 42.1 'h 
=/I 6 46.4 5/16 

% 46.4 ?'a 

%3 46.4 3/s 
- 46.4 %s 

3/16 33.7 3/16 

'/4 42.1 '/4 

5/16 50.6 5/18 

3/a 59.0 3/a 
% 61.8 % 
- 61.8 7/16 

Plate 

Thickness, t 

Bolt Size, In. 

L 

In. Load 

'/4 36.3 
5/16 36.3 
3/8 36.3 
%E 36.3 
'42 - 
9 !  6 - 

'/4 49.6 
5/16 48.4 
% 48.4 
% 6 

'/2 - 

%6 - 

Weld Load Weld Load Weld 



Bolt Size, In. Plate 

Thickness, t 

eld Load 

53.8 
62.7 
62.7 
62.7 
62.7 
- 

Weld Load 

50.6 
63.2 
75.9 
82.2 
82.2 
82.2 

Weld 

Plate 

Thickness, t 

In. 

Bolt Size, In. 

3/4 

Load I Weld eld 1 Load Load 



When fastener groups are loaded in shear by an external load that does not act 
through the center of gravity of the group, the load is eccentric and will tend to cause 
a relative rotation and translation of the connected material. This condition is equiv- 
alent to that of pure rotation about a single point. This point is called the instantane- 
ous center of rotation. 

The individual resistance force of each fastener can then be assumed to act on 
a line perpendicular to a ray passing through the instantaneous center and that fas- 
tener's location (see Fig. 1). 

Fig. 1 

The ultimate shear strength of fastener groups can be obtained from the load defor- 
mation relationship of a single fastener, which is expressed as: 

R = R (1 - e-10A)0.55 
ult 

where 

R = Shear force in a single fastener at any given deformation (see Fig. 2) 
R,,, = Ultimate shear load of a single fastener 
A = Total deformation of a fastener, including shearing, bending, and bear- 

ing deformation, plus local bearing deformation of the plate 
e = Base of natural logarithm - 2.718 

y applying a maximum deformation A,, to the fastener (or fasteners) most re- 
mote from the instantaneous center, the maximum shear force for that fastener can 
be computed. For fasteners in less remote locations, deformations are computed to 
vary linearly from the instantaneous center and shear forces can be obtained from 
the above relationship. 

* Crawford, S. F. and 6. L. Kulak Eccentrically Loaded Bolted Connections ASCE Journal of 
the Structural Division, Vol. 97, No. ST3, March 1971, New York (pp. 765-783). 
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DEFORMATION ( A ) ,  IN. 

Fig. 2 

The total resistance force of all fasteners then combine to resist the eccentric ex- 
ternal load and if the correct location of the instantaneous center has been selected, 
the three equations of statics will be satisfied. 

Although the development of fastener load-deformation relationships as ex- 
pressed above is based on connections which ay experience slip under load, both 
load tests and analytical studies* indicate th tending these procedures to slip- 
resistant connections is conservative. 

Tables XI to XVIII for vertical loads have been based on the solution of the in- 
stantaneous center problem for each fastener pattern and each eccentric condition. 
These Manual tables may be easily extended to inclined eccentric loads through Al- 
ternate Method 2 described later. The load-deformation relationsh 
upon the following values obtained experimentally for %-in. dia. AS 

RUN = 74 kips 
A,, = 0.34 in. 

The non-dimensional coefficient C is obtained by dividing the ultimate load P by 
R,,. The values derived ca any fastener diameter and are con- 
servative when used with AS using these tables, margins of safety 
are provided equivalent to t ints less than 50-in. long, subject to 
shear produced by concentric load only in both slip-critical or bearing-type connec- 
tions. 

For any fastener group listed in these tables, the coefficient C times the allowa- 
ble value of one fastener equals the total load P located at an eccentric distance from 
the centroid of the fastener group (P = C x r,). Th , by dividing P by the allowable 
fastener value p; the minimum coefficient is obtain and a fastener group can be se- 
lected for which the coefficient C is of that magnitude or greater. 

-- 

* Kulak, 6. L. Eccentrically Loaded Slip-resistant Connections AZSC Engineering Journal, Vol. 
12, No. 2, 1975, New York. 



continued in this edition for unusual fastener 
groups not conforming to the tables. Each fastener is assumed to support: 

1. An equal share of the vertical component of the load 

2. An equal share of the horizontal component (if any) of the load 

roportional share (depending on the fastener's distance from the centroid of 
the group) of the eccentric moment portion of the load. 

e maximum load is calcula from the vectorial resolution of these stresses 
stener most remote from group's centroid. This method, although pro- 

viding a simplified and conservative approach, does not render a consistent factor of 
safety and, in some cases, results in excessively conservative designs of connections. 

are intended for eccentric loads that are vertical, they are 
rectly to eccentric loads that are inclined at an angle 8 from the ver- 

referred ultimate strength re-analysis is not feasible for this 
hod 1 (elastic) could be used. 

Fig. 3. Inclined Eccentric Load 

In addition, a new, easy and conservative method to approximate eccentricity 
coefficients for inclined loads on connector patterns covered by the Manual tables 
for vertical loads has been devel to overcome this limitation. It is based on 
arithmetic, rather than vectorial, on of connector strength as an exaggerated 

ar interaction between eccentric and direct 
mputationally easy and has some of the redistribu- 

tion benefits of the ultimate strength method. 

* Iwankiw, Nestor R. Design for Eccentric and Inclined Loads on Bolt and Weld Groups. AISC 
Engineering Journal, 4th Qn., 1987, Chicago, Ill. 

Nestor R. AddenduldGlosure on Design for Eccentric and Inclined Loads on 
Groups. AISC Engineering Journal, 3rd Qh., 1988, Chicago, Ill. 



First, define C,, as the total number of 

Cm, A = -  r 1.0 
c, 

where C, is the tabulated C for a given vertical load case. For a particular connector 
pattern and load eccentricity distance, A is a constant relative to the load angle 8 ;  it 
serves as the single characteristic input property of the connector geometry. 

The approximate eccentricity coefficient &h for the inclined load is 

Only this one equation is necessary to represent capacity as a function of load angle. 
The allowable inclined eccentric load is then defined as 

P = cap; 
Ca . The minimum - limit of 1.0 is based on ultimate strength solutions which demon- 
C, 

strate that the worst case occurs when the applied load is vertical. 

Ca Figure 4 shows a graph of - for specific A values and for load angles from 0 to 
c, 

a clear overall picture of the C, sensitivity to both A and 
= 0" and 90" are 1 .Q and A,  respectively. Thus, for a vertical load ( 8  = 

0°), Ca equals C,  while for a horizontal load (8 = 90"), Ca = C,, , as expected. The 
CJC, ordinates and curve slopes increase with higher A values since the curvature 
is concave upward, such that linear interpolation between Q can be greatly mislead- 
ing, especially for larger 8 's  and larger A's. 

Fig. 4. CoefJicient C, for inclined eccentric load. 



AM 

Given: 

Find the maximum load (9 = 0) that can be supported by the bracket shown in Fig. 5. 
Column and brackets are I$ = 36 hi. Use %-in. dia. A325-SC bolts in standard holes 
and assume that the column flange is at least adequately thick so that bolt shear will govern. 

Solution: 

h n  = 6, b = 3 in. andl  = 16in.: 

P = 3.55 x 10.2 = 36.2 kips 

Given: Fig. 5 

Same conditions as Ex. 24, except that an additional horizontal load is applied as shown 
so that the resultant, P, with a vertical force forms an angle 9 = 60 9 Use Alternate Method 
2 and Alternate Method 1. 
Solution: 

From Table XIII, with n = 6, b = 3 in. and I = 16 in.: 

Co = C = 3.55 (same as Ex. 24) 

C,, = 2 x 6 = 12 

Ca - - - 3.38 
= 1.322 r 1.0. o. 

Co (sin 60" + 3 . 3 8 ~ 0 ~  60") 

C, = 1.322(3.55) = 4.69 

using rv = 10.2 kips 

P = Carv = 4.69 X 10.2 = 47.8 kips 

ethod 1 (elastic), C, = 4.1 < 4.69 



P  
Required minimum C  = - 

r, 
P = C x r ,  
n = Total number of fasteners in one vertical row 
P  = Allowable load acting with lever arm 1, in. 
r, = Allowable load on one fastener by Specification 
C  = Coefficients tabulated below. 

- 
1 

In. - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - 



P 
Required minimum C = - 

rv 
P = C x r ,  
n = Total number of fasteners in one vertical row 
P = Allowable load acting with lever arm I ,  in. 
r, = Allowable load on one fastener by Specification 
C = Coefficients tabulated below. 

- 
1 

In. - 
2 
3 
4 
5 
6 

7 
8 
9 

10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - - 
2 
3 
4 
5 
6 

7 
8 
9 

10 
12 

14 
16 
18 
20 
24 

2 
32 
36 - 



P 
Required minimum C  = - 

rv 
P = C x r v  
n = Total number of fasteners in one vertical row 
P = Allowable load acting with lever arm I ,  in. 
rv = Allowable load on one fastener by Specification 
C = Coefficients tabulated below. 



P  
Required minimum C = - 

5 
P = C x : ,  
n = Total number of fasteners in one vertical row b 
P = Allowable load acting with lever arm 1, in. 
r, = Allowable load on one fastener by Specification 
C  = Coefficients tabulated below. 

1 
In. - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
4 2 

1 4 
16 
18 
20 
24 

28 
32 
36 - - 
2 
3 
4 
5 
6 

7 
8 
9 

4 0 
12 

44 
16 
18 
20 
24 

28 
32 
36 
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P  
Required minimum C  = - 

rv 
P = C x r v  
n = Total number of fasteners in one vertical row 
P  = Allowable load acting with lever arm 1, in. 
rv = Allowable load on one fastener by Specification 
C  = Coefficients tabulated below. 

- 
1 

In. - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - 



P  
Required minimum C  = - 

r" 
P = C x r ,  
n = Total number of fasteners in one vertical row 
P = Allowable load acting with lever arm I ,  in. 
r, = Allowable load on one fastener by Specification 
C  = Coefficients tabulated below. 

- 
I 

In. - 
2 
3 
4 
5 
6 

7 
8 
9 

10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - - 

2 
3 
4 
5 
6 

7 
8 
9 

10 
4 2 

14 
16 
18 
20 
24 

28 
32 
36 - 





P  
Required minimum C  = - 

rv 
P = C x r ,  
n = Total number of fasteners in one vertical row 
P = Allowable load acting with lever arm I ,  in. 
r, = Allowable load on one fastener by Specification 
C = Coefficients tabulated below. 

- 
1 

In. - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - - 
2 
3 
4 
5 
6 

7 
8 
9 
10 
12 

14 
16 
18 
20 
24 

28 
32 
36 - 



MAT 

hen weld groups are loaded in shear by an external load that does not act through 
the center of gravity of the group, the load is eccentric and will tend to cause a rela- 
tive rotation and translation between the parts connected by the weld. The point 
about which rotation tends to take a place is called the instantaneous center of rota- 
tion. Its location is dependent upon the eccentricity, geometry of the weld group, 
and deformation of the weld at different angles of the resultant elemental force rela- 
tive to the weld axis. 

The individual resistance force of each unit weld element can then be assumed 
to act on a line perpendicular to a ray passing through the instantaneous center and 
that element's location (see Fig. 1). 

The ultimate shear strength of weld groups can be obtained from the load defor- 
mation relationship of a single unit weld element which is expressed as: 

where 

R = Shear force in a single element at any given deformation 
R,, = Ultimate shear lo 
p, A = Regression coeffic 
A = Deformation of a weld element 

ase of natural logarithm = 2.718 

Unlike the load-deformation relationship for bolts, strength and deformation 
performance in welds are dependent on the angle 8 that the resultant elemental force 
makes with the axis of the weld element (see Fig. 1). 

Fig. 1 

The critical weld element is usually (but not always) the weld element furthest 
from the instantaneous center. e critical deformation can be calculated as: 

A,, = 0.225 (8 + 5)4.47, where 8 is expressed in degrees 

* Butler, Pal and Kulak Eccentrically Loaded Weld Connections. ASCE Journal of the Structural 
Division, Vol. 98, No. ST5, May 1972 (pp. 989-1005). 



The deformation of other weld elements can then be calculated as: 

The values of R,,,, y and A depend on the value of the angle 8 and can be ob- 
tained from the following relations: 

The total resistance of all the weld elements combine to resist the eccentric ulti- 
mate load, and if the correct location of the instantaneous center has been selected, 
the three equations of statics will be satisfied. General performance curves for values 
of 8 = 0", lQO, 30" and 90" are shown in Fig. 2. 

0.02 0.04 0.06 0.08 0.10 

DEFORMATION ( A ) ,  IN. 

Fig. 2 

To obtain reliable coefficients based on ultimate strength analysis that would replace 
the traditional elastic C-value in eccentric load design tables, several intermediate 
steps are required. These include proper correlation factors applied to research data, 
the application of an acceptable factor of safety, and the use of upper bound limits 
at points of critical stress in the group to prevent overstress in the weld metal. 

Tests were performed on eccentrically loaded %-in. fillet weld groups made with 
E6QXX electrodes. To obtain C-tables for E70 electrode series and a base weld 
size of 1/16 in., the ultimate c acities were adjusted by the factor of % x 90160. 



resulting value was then converted to an allowable stress by multiplying it by 0.30. 
itionally, this value was reduce revent the stress in 

any element of weld to exceed the allowable stress for fillet weld metal as required 
in AISC ASD Specification Sect. 52.4. Tests have demonstrated that the fusion face 

weld metal and base material is not critical in determining weld strength. The 
anual tables are, therefore, valid for weld metal with a strength level that matches 

the base material. 
To obtain the capacity of a weld group rrying an eccentric load: 

where 

Allowable load, kips 
Tabular value 
Coefficient for electrode used (see table below) 
1.0 for E70XX electrodes 
Length of vertical weld, in. 
Number of sixteenths of an inch, weld size 

Tables XIX through VI are based on welds made with E70 
and matching base metal (AWS Tabl recognize that for equal leg 
fillet welds the area of the fusion surfa than the leg dimension times 
the weld length; therefore, the values 
of the weld (0.3 x F, x 0. 
with matching or stronger 

anual tables may be easily extende to inclined eccentric loads t 
Alternate Method 2 described later. 

In addition to the ultimate strength method previously described, the elastic method 

the edge of a fillet weld, ea 

1. An equal share of the vertical component of the load. 
2. An equal share of the horizonal co 
3. A proportional share (dependent o ce from the centroid of 

the group) of the eccentric momen 

The maximum load is determined from the vectorial resolution of these stresses 
at the element most remote from the group's centroid. This elastic method, although 
providing a simplified and conservative a , does not render a consistent factor 
of safety and in some cases results in excessively conservative designs of connections. 



As discussed in the eccentrically loaded bolt section, this new method permits 
extension of the published anual weld tables to eccentric loads that are inclined at 
an angle 8 from the vertical. It is based on arithmetic, rather than vectorial, addition 
of connector strength as an exaggerated load effect or, equivalently, on a linear inter- 
action between eccentric and direct shear. * 

First, define Cm, as the maximum concentric weld coefficient (e.g. 0.928 (1 + 
2k) for C-welds). 

Next, let 

~ m a x  A = -  r 1.0 
Co 

where C, is the AISC Manual tabulated C for a given vertical load case. For a partic- 
ular connector pattern and load eccentricity distance, A is a constant relative to the 
load angle 8; it serves as the single characteristic input property of the connector 
geometry. 

The approximate eccentricity coefficient C, for the inclined load is 

&h - - - A 
2 1.0 

Co (sine + AcosB) 

Only this one equation (the same as for bolts) is necessary to represent capacity as 
a function of load angle. The allowable load P is determined as previously described 
except that the computed C, replaces the tabulated C value. For more guidance and 
a graphical design aid on application of this approximate method, see bolt discussion 

Given: 

C-Weld group as shown with 1 = 10 in., kl = 5 in. andxl + a1 = 10 in. Find the maximum 
allowable load P (9 = 0) for a %-in. weld using E70XX electrodes by using Table XXIII. 

* Iwankiw, Nestor R. Design for Eccentric and Inclined Loads on Bolt and Weld Groups AISC 
Engineering Journal, 4th Qtr., 1987, Chicago, Ill. 

e o  Iwankiw, Nestor 8. AddendumlClosure on Design for Eccentric and Inclined Loads on 
and Weld Groups A ISC Engineering Journal, 3rd Qtr., 1988, Chicago, 111. 



- 7'4 
Solution: 

I: Fo rk  = 0 . 5 , ~  = 0.125 

xl = 0.125 x 10 = 1.25 in. 
a1 = 10 - xl = 8.75 in.; a = 0.875 

Interpolating between a = 0.8 and a = 0.9 for k = 0.5: 

C = 0.704 
D = 6 (%-in. weld) 

electrodes (see table above) 
P = CICDl = 1.0 x 0.704 x 6 x 10 = 42.2 kips 

Given: 
C-Weld as shown in Ex. 26, with 1 = 10 in., kl = 5 in., and a1 = 0.375, except eccen- 
tric service load P = 90 kips at 75.' Determine minimum required weld size. 

Solution: 

From Table XXIII (as in Ex. 26) 

C, = C = 0 . 7 0 4  

C,, = 0.928 (1 + 2(.5)) = 1.856 

Ca - - - 2.64 
C, E.966 + 2.64 (.259)] 

Ca = 1.6 (0.704) = 1.13 

= 7.96, say 8, use %-in weld 

od 1 (elastic), C, = 1.09 < 1.13 



P 
Required Minimum C = - c, Dl 

P D = -  
cc, 1 

P I = -  
cc, D 

Allowable eccentric load in kips 
Length of each weld in in. 
Number of sixteenths of an in. 
in fillet weld size 
Coefficients tabulated below 
Coefficient for electrode used 

1 .O for E70XX electrodes. SPECIAL CASE* 
P = CC, Dl (Load not in plane of weld group) 

Use C-values given in column headed k = 0 

NI 
plane of the welds. 

ien  the 
- 

etween the weld: 
- - 

is solid and does not bend in 



P = Allowable eccentric load in kips 
I = Length of each weld in in. 

umber of sixteenths of an in. 
in fillet weld size 

C = Coefficients tabulated below 
C, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes 

P = CC1 Dl 

P 
Required Minimum C = - 

CI Dl 



nts 

Note: When load P is perpendicular to 
longer side 1 use Table XXII. 

P = Allowable eccentric load in kips 
I = Length of longer welds in in. 
D = Number of sixteenths of an in. 

in fillet weld size 
C = Coefficients tabulated below 
6, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes. 

P = cc, Dl 
P 

Required Minimum C = - c, Dl 
D 

D=' 
cc, 1 

P l = -  
CC, 0 



P = Allowable eccentric load in kips 
I = Length of longer welds in in. 
D = Number of sixteenths of an in. 

in fillet weld size 
C = Coefficients tabulated below 
C, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E7OXX electrodes. 

h P = CC,Dl 
P 

Required Minimum C = - c, Dl 
D = p  

cc, 1 

P l=- 
cc, D 

Note: When load P is parallel to longer 
side 1 use Table XXI. 



P = Allowable eccentric load in kips 
1 = Length of weld parallel to load P, in. 
D = Number of sixteenths of an in. 

in fillet weld size 
C = Coefficients tabulated below 
C, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes 

xl = Distance from vertical weld to 
center of gravity of weld group 

P = CC, Dl 

P 
Required Minimum C = - 

C, Dl 



P = Allowable eccentric load in kips 
1 = Length of weld parallel to load P, in. 
D = Number of sixteenths of an in. 

in fillet weld size 
6 = Coefficients tabulated below 
6, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes 

xl = Distance from vertical weld to 
center of gravity of weld group 

P = CC1 Dl 

P 
Required Minimum C = - c, Dl 



P = Allowable eccentric load in kips 
I = Length of weld parallel to load P, in. 
D = Number of sixteenths of an in. 

in fillet weld size 
C = Coefficients tabulated below 
6, = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes 

xl = Distance from vertical weld to 
center of gravity of weld group 

yl = Distance from vertical weld to 
center of gravity of weld group 

P = CCl Dl 

P 
Required Minimum C = - 

C1 Dl 

P I=- 
cc, D 



P = Allowable eccentric load in kips 
I = Length of weld parallel to load P, in. 
D = Number of sixteenths of an in. 

in fillet weld size 
C = Coefficients tabulated below 
cl = Coefficient for electrode used 

(see Table on p. 4-72) 
= 1.0 for E70XX electrodes 

d = Distance from vertical weld to 
L center of gravity of weld group 

yl = Distance from horizontal weld to 
center of gravity of weld group 

P = CCl Dl 
P 

Required Minimum C = - c, Dl 

P l = -  
cc, D 



Single-angle connections are usually shop-fastened to the supporting members, ei- 
ther by bolting or welding, and the field connection is made by bolting into the sup- 
ported member. 

In designing a single-angle connection, it is customary to consider vertical shear 
or bearing in all fasteners; the shear in the connection angle through the least net sec- 
tion; the effect of eccentricity in the bolts or weld for the angle leg fastened to the 
supporting member; and the bending of the connection angle at the critical section 
for this leg of the angle. 

This type of connection is categorized as an AISC Type 2 simple-framed connec- 
tion. The minimum angle thickness for % and %-in. dia. bolts should be %-in. and 
for 1-in. dia. bolts a %-in. minimum is suggested. Table 11-C is useful for shear inves- 
tigations and the equation on p. 4-88 is useful for determining the section modulus 
of the angle at the net section. The following table will be useful in investigating the 
eccentricity of the bolt group. If welding is used Table XXV on page 4-81 is helpful. 

n 
Case l Case II 

P 
P = Crv or C = - 

r v 

where 

2 ~ "  

Supporting member 

CASE l CASE 2 

n = Total no. of fasteners in one vertical row 
C = Coefficient 
P = Allowable load, kips 
rv = Allowable shear or bearing value for one fastener, kips 
1 = Distance between centerline of connected beam web and center of gravity 

of fasteners, in. 

When using the coefficient table shown above, do not exceed the eccentricities 
shown for the angle leg which attaches to the supporting member. Eccentricities less 
than those given will produce conservative results. Only standard holes should be 
used in this leg. The connection may be designed as a bearing-type or a slip-critical con- 
nection. If larger gages are necessary, coefficients should be interpolated from 
Tables XI and XII. 

Do not exceed the gages shown for the angle leg which attaches to the supported 
member. Normal diameter, round holes or short, horizontal slots may be used in this 
leg to facilitate erection. A325, A490 or A304 bolts may be used. 



here possible, the distance between the centers of the top and bottom con- 
necting bolts should equal or exceed, one-half the T-distance of the supported mem- 
ber to guard against overturning of the beam. It is permissible to design a connection 
with certain combinations of leg widths, bolt types, diameters and holes or slots 
within the bounds noted above. 

Case I is by far the most common type of single-angle connection and is usually 
the first choice. Case I1 is used as an alternate in case the allowable loads for Case 
I are exceeded by the design loads. 

If it is desired to weld the single-angle connection to the supporting member, 
the weld should take the form of an L, as shown in Ex. 30. 

Length = 

2 x weld 

Supporting member 

size 

To provide the necessary flexibility, there should be no weld at the top or heel of the 
angle. A 4 x 3 angle is normally selected for this welded connection with the 3-in. 
leg being the welded leg. 

Other types of one-sided connections using tees and shear plates are shown else- 
where in this manual. 

When two filler beams frame to a girder beam directly opposite each other and 
share the same bolts, or have welds directly opposite each other, the beam web of 
the girder must be checked for bolt bearing capacity or maximum permitted weld 
size. 

Given: 

W18 x 35 filler beam, Fy = 36 ksi 
End reaction = 26 kips 
Connection angle is Case I type, Fy = 36 kips 
Fasteners are %-in. dia. A325-N 
W21 x 62 supporting beam (F, = 36 ksi) 



Solution: 

Assume an angle 4 x 3% x %. 

1. For leg against the W21 x 62: 

r,, = 9.3 kipslbolt from Table I -D 

Req'd C = 2619.3 = 2.8 Try4 bolts (C = 3.08) 

Distance center-to-center extreme bolts = 9 in. r half T-distance of beam. o. 

Angle length = 11% in. 

Shear = 54 kips > 26 kips from Table I 

Section modulus at net section (from p. 4-88) 

= 5.7 in.3 

e =2.25 + 0.15 =2.40in. <2.5in.  o.k. 

M = 26 x 2.40 = 62.4 kip-in. 

62.4 
fb = - = 10.95 ksi < 0.6 F,. s. 

5.7 

2. For leg against the W18 x 35: 

Short slots are used in this leg 

Allowable P = 4 (9.3) = 37.2 kips > 26. oak. 

Use L4 X 3% x % X 0'-11% 

ecause W18 X 35 is coped check block shear per p. 4-8. 

Same information as Ex. 28, excep reaction = 45 kips 

F STEEL CONSTRUCTION 



Solution: 

Assume L4 x 3% X %. 

1. For leg against the W21 x 62: 

Req'd C = 4519.3 = 4.8. This would require 6 bolts which will not fit in the web 
of a W18 beam. Therefore, we investigate a Case I1 connection. 

Assume an angle 8 x 8 x % 

I = 2.5 + 1.5 + 0.15 = 4.15 < 4.25 

From Table XI1 req'd n = 5 rows 

Angle length = 1 ft-2% in. 

By inspection shear at net section is 0.k. 

Section modulus at net section (from p. 4-88) 

= 12.1 in.3 

M = 45 (2.5 + 0.15) = 119 kip-in. 

f ,  = 119112.1 = 9.83 ksi < 0.6 F,, o. 

2. For leg against the W18 x 35: 

Req'd no. of bolts = 4519.3 = 4.8. Since it is not required to consider eccentricity 
in this leg, one vertical row of 5 bolts could be used in which case an angle size 
of L7 x 4 x % would be substituted with the 4-in. leg against the W18 x 35. From 
Table 11-C, allowable shear in 2 connection angles = 136 kips. For 1 angle, allow- 
able shear = 68 kips > 45 0.k. 

Recheck f, = (9.83) (0.50)1(0.375) = 13.11 ksi < 0.6 F, o.k. 

Use L7 X 4 X % X 1'-2?h" 

3. Check W18 x 35 for block shear per p. 4-8. 

Given: 

Same information as Ex. 28 except use an angle shop welded to the 
E70XX electrodes. 



3 leg 

r t  

Solution: 

Assume an angle 4 x 3 x % with the 3-in. leg against the 

1. No. of bolts at field connection = 2619.3 = 2.8 required, but this would not 
provide a deep enough connection. For this requirement, 4 bolts are necessary 
to give an angle length of 11% in. Eccentric capacity of this weld is found from 
Table XXV on p. 4-81. 

e = 3 + 0.15 = 3.15 in. 

x = 0.02'7 for k = 0.26 

xl = 0.026 (11.5) = 0.3 

a1 = 3.15 - 0.3 = 2.85 

C, = 1 for E70XX electrodes 

P D =--  
26 

CC,l - 0.84 (1) (11.5) 
= 2.7 sixteenths min. 

Use ?&-in. weld which meets the requirements of Table 52.4. Use L4 x 3 x % x 
0'-11%'' with 4 bolts. 

2. Check block shear of web of W18 X 35 - p. 4-8. 



D~ameter of holes assumed 
~ n .  larger than nominal 

d~arneter of fastener 
taken Fasteners spaced 

3 In. vertically 

- 
40. of 
asten, 
?IS In 
One 
ertical 
Line 

- 
eptl 
of 
'late 
In. 

- 
6 
9 
12 
15 
18 

21 
24 
27 
30 
36 

42 
48 
54 
60 
66 

72 
78 
84 
90 
96 

102 
lo8 
- 

Y4-In. Fasteners %-In Fasteners I 1-In. Fasteners 

Thickness of Plate, In. Thickness of Plate, In. I Thickness of Plate, in. 

Interpolate for intermediate thickness of plates. 
~enera l  equation for net section modulus of bracket plates: 

b2n (n2 - 1) [4, x (bolt dia. + 0.125)] 
6d 

where 
tp = Plate thickness, in. 
d = Plate depth, in. 
n = Number of fasteners in one vertical row 
b = Fastener spacing vertically, in. 



In the design of hanger-type connections, prying action must be considered. The 
table below is useful for making a preliminary selection of a trial fitting, using Fy = 

36 ksi. The fitting must then be checked for bending stresses and tension in the bolts, 
using a which includes prying action. 

Thickness 

7 
igle or Flange of Tee t, In. 
y4 1 1 3 ~ ~  1 7/g 1 15/16 1 1 l 1 d  llh I 1 3 / 1 ~ l  llh 

To select a prc iminary size of tee or double angle hanger, the above table assumes :11 
equal critical moments at the fastener line and atthe fack of the tee stem or angle leg. 
Then 

MI = M2 = Pb/2 = 27t2/6 

Hanger capacity = 2P = 18t2/b 

where 

2P = Allowable load on two angles or a structural tee, in kips per linear inch, using 
maximum allowable bending stress of 27 ksi (.75Fy) 

t = Thickness of angle or tee flange, in. 
b = Distance from fastener line to the face of outstanding leg of angle or tee stem, 

in. 
RICAN INSTITUTE OF STEEL CONSTRUCTION 



Applied tension per bolt (exclusive of initial tightening and prying force), 
kips 
Prying force per bolt at design load, kips 
Allowable tension per bolt, kips 
Flange or angle thickness required to develop B in bolts with no prying action, 

Yield strength of the flange material, ksi 
Length of flange, parallel to stem or leg, tributary to each bolt, in. 
Distance from bolt centerline to edge of tee flange or angle leg but not more 
than 1.25b, in. 
Bolt dia., in. 
Width of bolt hole parallel to tee stem or angle leg, in. 
b - d/2, in. 
a + d/2 ,  in. 
b'ia' 
(0 5 a 5 1.0). Ratio of moment at bolt line to moment at stem line 
M218M1 
Value of a for which required thickness (treqTd) is a minimum or allowable ap- 
plied tension per bolt (Tall) is a maximum. 
Ratio of net area (at bolt line) and the gross area (at the face of the stem or 
angle leg) 
1 - d'lp 

The actual distribution of stress in the tee flange or angle leg d 
and the extent of prying action are extremely complex. Sig- 
nificant deformation of the fitting under design load is seldom 
tolerable. Flange stiffness, rather than bending strength, is 
the key to satisfactory performance. Therefore, dimension b 
should be made as small as the wrench clearance will permit. 
Since dimension b is only slightly larger than the thickness of 
the fitting, the classical moment diagram (right) does not 
truly represent all the restraining forces at the bolt line, and 
overestimates the actual prying force. In addition, local de- 
formation of the fitting ("quilting") under the pretension force of high-strength bolts 
also accounts for a less critical prying force than indicated by earlier investiga- 
tions. 

Good correlation between estimated connection strength and observed test re- 
sults has been obtained using theory of Ref. 1. Design and analysis procedures based 
on this theory have been developed in Refs. 2 and 3. 

1. Kulak, G. L., Fisher, J.  W. and Struik, J. H. A. Guide to Design Criteria for Bolted and Riveted 
Joints, 2nd Ed., John Wiley and Sons, New York, 1987, pp. 277-282. 

2. Astaneh, A .  Procedure for Design and Analysis of Hanger-Qpe Connections. AZSC Engineer- 
ing Journal, Vol, 22, No. 2, 2nd Quarter, 1985, pp. 63-66. 

3. Thornton, W. A. Prying Action-A General Treatment. AZSC Engineering Journal, Vol. 22, 
No. 2, 2nd Quarter, 1985, pp. 67-75. 



Given: p ,  F,, B, T 
Find: t,,,~~ 

Step 1. Determine the number and size of bolts required so that T 5 B 

Step 2. Using preliminary selection table to estimate required flange thickness, 
choose a trial section with flange thickness t ,  and calculate b, a (5 1.25b), 
b', a', P, 6 

Step 3. 

Step 4. 

Step 5. 

Step 6. 

if p 2 1 set a' = 1 

if p < 1 set a' = lesser of 

Calculate 

if treqjd 5 t, design is satisfactory 
if treq'd > t ,  choose a heavier section with t 2 treqzd, or change geometry 
(b and p), and repeat steps 3 and 4 

If the prying force Q is required, it can be calculated as follows: 

In applications where the prying force Q must be reduced to an insignificant 
amount, skip Steps 3, 4 and 5, set a = 0, and calculate 

Given: t, a, b, p, B, T 

Find: Tall 

Step 1. Check T 5 B. If true, proceed; if not, use more or stronger bolts 

Step 2. Then, calculate 



fep 3. If Tell 2 T design is satisfactory 
If Tall < T, choose section with thicker flange, or change geometry (b,p) and 
repeat Step 2. 

tep 4. If the prying force is required, use formulas of Step 5 of Method 1. 

X AM 1 

Given: 

T section hanger using A36 steel and %-in. dia. A325-N bolts to support 
44 kips suspended from the bottom flange of a W36x160. Bolts to be located on a 
4-:n. beam gage and the fitting length is 9 in. max. 

Solution: (Method 1) 

1. 61 = 19.4 kips (from Table I-A) 

44 
No. of bolts required = - = 2.27; try 4 bolts 

19.4 
44 

T = - = 11 kips < 19.4 kips 0.k. 
4 

2. From preliminary selection table with 

and b = 2 - 0.25 = 1.75 in., choose preliminary thickness t,, = '%6 in. to % in. 
Tentatively select a WT9 x 30 with t = 0.695 in. 

4 - 0.415 
b = 

2 
= 1.792 in. > 11/4 in. wrench clearance 

check 1.25 b = 1.25 x 1.792 = 2.240 

since 2.240 > 1.778, use a = 1.778 in. 

(I9'( 1) = 1.16 Calculate P = - - - 
0.658 11 

Since p > 1, a' = 1 



Calculate treqjd = Jz = 0.651 in. 

Since 0.651 in. < 0.695 in., WT9x30 0.k. 

If the prying force is required: 

Q = 19.4 x 0.819 X 0.724 x 0.658 x = 2.69 kips 
(1. 165) 

Given: 

If the connection of Ex. 31 is subjected to fatigue loading of more than 500,000 cy- 
cles, the following design check using AISC ASD Specification Appendix K4 must 
be made. 

Solution: 

Using Method 2: 

1. Maximum allowable tension per bolt B = 31 x 0.4418 = 13.7 kips 
T = 11 kips < B = 13.7 kips o.k. 

Tau = 13.7 - 0'695 [ I  + (.819 x 0.725)] = 11.004 kips > 11 
(0.979) 

= 2.69 kips < .6 x 11 = 6.60 kips 0.k. 

Given: 

Redesign the hanger fitting of Ex. 31 for a loading condition where virtual elimination 
of the prying force is required. 

Solution: 

solution is given by Step 6 of od 1. Note that because a = 0, the solution 
not depend on a. Assuming hanger stem thickness of 1/2 in. 



treq'd = Jw = 0.864 in. 

t = 0.875 in. > 0.864in. o 

Given: 

Select a double-angle connection using A36 steel and %-in. dia. A325-N bolts to 
carry a load of 60 kips at a bevel of 6 to 12. Fasteners to be located on a 5%-in. col- 
umn gage. 

Solution: (Method 2) 

1 
Shear = - x 60 = 26.8 kips v3 

2 
Tension = - x 60 = 53.7 kips v3 

Assume %-in. gusset plate 

1. Try 6 bolts. 

26.8 
shear per bolt V = - = 4.47 kips 

6 

53.7 
tension per bolt T = - = 8.95 kips 

6 

From Table 1-D: 

olt allowable shear = 0.4418 x 21 = 9.3 kips 
Since 4.47 kips < 9.3 kips, bolts o.k. for shear 

From interaction (Table 53.3) 

F, = g(44)2 - 4.39 (4.4710.4418)' = 38.6 ksi 
B = 38.6 x 0.4418 = 17 kips < 19.4 kips o.k. 
Since 8.95 kips < 17 kips, bolts o.k. for tension 

2. Assume p = 4.5 in. 
Enter preliminary selection table with 

2T - 2 x 8.95 - -  = 3.98 kipslin., and 
P 4.5 

b equal to approximately 2 in. 

Select t,, = % to l1/16 

Try two angles 4 x 4 x % X 1'-1% 
b = 1.875 in. 
b' = 1.875 - 0.375 = 1.50 in. 



a = 1.5 in. < 1.25b 
a' = 1.5 + 0.375 = 1.875 in. 
p := 1.5011.875 = 0.800 
6 - 0.819 

Calculate a' = = 1.508; use a' = 1 

3. Tau= 17.0 x - 0'625 ' (1 + 0.819) = 9.60 kips 
(1.122) 

Since 9.60 kips > 8.95 kips, angles 4 x 4 x % are o.k. 



Angle 
)esignation 4 Holes out 2 Holes out 

Fastener Dia., In. Fastener Dia., In. Fastener Dia., In. 

Net areas are computed in accordance with AlSC Specification Sect. 82. 



et areas 

Two angles-net area, In.* 

F 2 Holes out 
Angle 

lesignation 4 Holes out 

Fastener Dia., In. Fastener Dia.. In. Fastener Dia., In. 

Net areas are computed in accordance with AlSC Specification Sect. 82. 





Curves are values of  stagger, s, in inches 

Values of in inches 
49 

The above chart will simplify the application of the rule for net width, Sects. 81, 82 and 83 of the AlSC 
ASDI Specification. Entering the chart at left or right with the gage g and proceeding horizontally to intersec- 
tion with the curve for the pitch s, then vertically to top or bottom, the value of s2/4g may be read directly. 

Step 1 of the example below illustrates the application of the rule and the use of the chart. Step 2 illus- 
trates the application of the 85% of gross area limitation applicable to connection fittings. 

Step 1: Chain A B C E F 
Deduct for 3 holes @ (% + %) = -2.625 
BC, g = 4, s = 2; add s2/4g = +0.25 
CE, g = 10, s = 2%; add s2/4g = +0.16 
Total Deduction = -2.21 5 in. 

Chain A B C D E F 
Deduct for 4 holes @ (% + %) = -3.50 
BC, as above, add = +0.25 
CD, g = 6, s = 4%; add s2/4g = +0.85 
DE, g = 4, s = 2; add s2/4g = +0.25 
Total Deduction = -2.15 in. 
Net Width = 18.0 - 2.215 = 15.785 in. 

Step 2: Net Width = 18.0 x 0.85 = 15.3 in. 
(Governs in this example) 

In comparing the path CDE with the path CE, it is seen that if the sum of the two values of s2/4g for 
CD and DE exceed the single value of s2/4g for CE, by more than the deduction for one hole, then the path 
CDE is not critical compared to CE. 

Evidently if the value of s2/4g for one leg CD of the path CDE is greater than the deduction for one 
hole,, the path CDE cannot be critical as compared with CE. The vertical dotted lines in the chart serve to 
indicate, for the respective bolt diameters noted at the top thereof, that any value of s2/4g to the right of 
such line is derived from a non-critical chain which need not be further considered. - 



Many moment connections can be designed to resist wind moments only and, at the 
same time, to rotate sufficiently to accommodate the simple beam gravity rotation as 
a Type 2 (simple) connection. See AISC ASD Specification Sect. A2.2. The follow- 
ing example is one of several connections recommended for such a design. 

Connection moment, kip-ft 

End reaction of beam, kips 

Allowable shear or bearing value 
for one fastener, kips 

Allowable shear in plate, ksi 

Number of %6-in. in weld size 

Value of E70XX weld, kips per 
linear in. of fillet weld per ?&in. 
leg 
Horizontal force top and bottom 
of beam, kips 

Area of plate, top or bottom, in.' 

Area of stiffeners, in.2 

Planar area of web at beam-to- 
column connection, in.' 

If stiffeners are required they need not exceed one-half 
the column depth when beam is on one flange only. 

The moment is assumed to be resisted by plates A and B welded to the top and 
bottom of beam and to the column. The shear is assumed to be transferred to the col- 
umn by the vertical web plate C, using fasteners in the beam web and shop w'elds to 
the column. 

An unwelded length of 1.5 times the top flange width bA is assumed in this exam- 
ple to permit the elongation of the plate that is necessary to obtain the desired semi- 
rigid action. 

Determine horizontal force T = (M x 12)ld 

Design top plate A; determine length and size of weld A. 

A, = TIF, 

Length of weld = Tl0.928D (for E70XX Electrodes) 

Select bottom plate B and determine length and size of weld 
Area of plate B should be 2 area of plate A. 
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C. Design the web connection: 

1. No. of fasteners required for shear = Rlr, (Table I-D). 

2. Check bearing on beam web (Table I-E or I-F). 

3. Design shear plate C: 

a. Check net section in shear 

b. Check bearing on plate C (Table I-E). 

c. Determine weld size. 

Min. D = (for full length welds both sides) 
2 x 0.9281 

If intermittent or less than full length welds are used, 
min. plate thickness and weld size must be adjusted to 
satisfy AISC ASD Specification Sects. J2.2b and 52.4. 

d. Check minimum plate thickness for weld used. 

D. Investigate column web shear: 

Column must be reinforced in the panel zone with a doubler 
pllate if the column web is not thick enough to resist the shear 
through the web in the plane below the top beam flange. Dou- 
bller plates are expensive and, in most cases, it would be more 
economical to choose a column section with a thicker web and 
avoid them. 

E.  Check column for web stiffeners 

Column web stiffeners are required (for nomenclature, see 
Part 3, Columns, General Notes on Column Web Stiffeners): 

At both flanges if Pbf > tbPwi + Pwo 

At compression flange if Pbf > Pwb 

At tension flange if Pbf > Pfb 

Determine area of stiffeners. 

Required stiffeners must comply with the provisions of Sect. 
K1.8. 

Selected stiffeners must comply with width-thickness ratio 
limitation. 

F. Determine weld requirements of stiffeners to column web and 
flange. 

Given: 

4 - 101 

ASD 
Specification 

Reference 

F 
Commentary 

E4 

Equation 
(K1-9) 

Design a semi-rigid connection of a W18x50 beam framed to the flange of an exte- 
rior W14x 109 column. The end moment of 150 kip-ft and end reaction of 50 kips are 
from live and dead load only. Material is A36, bolts are %-in. dia. A32.5-X, weld is 
E70XX. 
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roperties Tables, Part 1: 

Beam (W18~50): d = 17.99 in., bf = 7% in. 
tw = 0.355 in., tf = 0.570 in. 

Column ( W l 4 ~  109): d = 14.32 in., bf = 14% in. 
twc = 0.525 in., t f =  0.860in. 

Solution: 

A. Horizontal force at beam flange: 

T = (A4 x 12)ld = (150 X 12)/18 = 100 kips 

B. A, = TIF, = 100122 = 4.55 in.' 

Top flange plate A: 

Select 6-in. wide plate: 

t, = 4.5516 = 0.76 in. (use 3/4 X 0'-6 plate) 

Bottom flange plate B: 

Select 9-in. wide plate: 

tg = 4.5519 = 0.51 in. (use % X 0'-9 plate) 

Design Welds A and B: 

Select %.+in. fillet weld, E70XX. 

Length of weld = 1001(5 x 0.928) = 22-in. minimum. 

Weld A: Use 6 in. across and 8 in. along each side. 

Weld B: Use 11 in. along each side. 

C. Design web connection: 

1. Connect beam web to column shear plate with Y4-in. dia. A325-X bolts. 

No. bolts required = Rlr, = 50113.3 = 3.8; use 4 bolts 

2. Check bearing on beam web: 

Assume I ,  2 1% d. 

For F, = 58 ksi and tw = 0.355 in. (use Table I-F): 

Allowable load = 52.2 x 0.355 X 4 = 74.1 kips > 50 kips 

3. Design shear plate C: 

a. Try a shear plate with 3-in. pitch, 1%-in. end distance, 1, = 12 in.: 

I,, = 12 - 4 (% + 1/16) = 8.75 in. 

Fvp = 0.30 x 58 = 17.4 ksi 

tc = 50/(17.4 x 8.75) = 0.33 in. 

Try a %-in. plate. 
b. Check bearing: 

From Table I-E, for F, = 58 ksi, 1, = 11/4 in. > 1.5 x 3/4 = l1/s in. 

Allowable load: 19.6 kipslbolt at 3-in. spacing 

19.6 kipslbolt > 5014 = 12.5 kipslbolt o. 
AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



c. Determine required weld to column flange: 

Since the column flange thickness is over ?4 in., use %-in. fillet weld (Speci- 
fication Table 52.4). 
Use: Shear connection plate 3/s x 5 x 1'-0 welded to the column flange 

with %6-in. fillet welds full length each side. 

D. Investigate column web shear: Story shear, V, = 0.0 kips 

From Commentary Sect. E6: 

MI M2 Web panel shear = Z F = - + - - 
0.95dl 0.95d2 Vs 

Z F =  150 l2 + 0 - 0 = 105 kips 
0.95 x 17.99 

Web resisting force = 0.4 x Fy x tw x d 
= 0.4 x 36 x 0.525 x 14.32 = 108 kips 

1018 kips > 105 kips o.k. 

.'. column web need not be reinforced 

E. Determine need for column web stiffeners: 
M x 12 

Horizontal force at stiffeners = 
d + %(tA + tg) 

= 96.7 kips 

From Column Load Tables for 

P,, = 148 kips 

Pwi =19 kipslin. 

Pwb =316 kips 

Pfb = 166 kips 

Pbf =% x 96.7 = 161.2 kips 

Column web stiffeners with cross-sectional area A,, are required opposite both 
the tension and compression flanges of the beam whenever Eq. (Kl-9) gives a 
positive answer: 

= 0.114 in.' 
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Alternatively, this calculation could have een made as follows: 

Note that stiffeners are required. If this formula had a negative answer, it would 
require a further check by Eqs. (K l -1 )  and (Kl-81, as follows: 

At compression flange, stiffeners are required if 

At tension flange, stiffeners are required if 

The engineer may judge that the required As, is so small that the stiffeners can be 
omitted. If stiffeners are provided, they must be proportioned to comply with 
AISC ASD Specification criteria in Sect. K1.8: 

1. w + tl2 z bl3 

where 

w = stiffener width 
t = thickness of column web 
b = width of connecting plate or beam flange 

w = (bl3) - (tl2) = (913) - (0.52512) 

= 2% in. (min.) 

2. Stiffener thickness ts 2 tb I2 

where tb = thickness of connecting plate or beam flange 

ts = 0.7512 = 0.375 in. at top flange 

= 0.5012 = 0.25 in. at bottom flange 

For practical detailing considerations use a stiffener lh X 4 in. on each side at 
top and bottom flange. Clip corner % in. x % in. 

3. Length of stiffener need not exceed one-half the column web 
depth [unless they are required by Sects. K1.4 or K1.6. See Sect. K1.11: 
Check stiffeners for slenderness: 

Area furnished = 4 x Y2 X 2 = 4.0 in.' > 0.114 in.' o.k. 

Width-thickness ratio (Sect. B5.1): 

wlt = 410.5 = 8.0 < 95/* = 15.8 0.k. 

Length = (14% / 2 )  - 7/s = 6%6 in. (use 6% in.) 

* The minor discrepancy from the Eq. (Kl-9) result is due to rounding of  the terms. 
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F. Stiffener weld requirements: 

Use fillet welds, E70XX. 

From AISC ASD Specification Table 52.4: 

Min. weld size to web: Y4 in. 

Min. weld size to flange: 5/16 in. 

Weld lengths: 

Length of weld must be sufficient to develop the following (see Step E). 

Pbf - F,, t( t ,  + 5k) = 161.2 - 157.1 = 4.1 kips 

or 

Pbf - tbPWi - P,, = 161.2 - (% x 19) - 148 = 3.7 kips 

Minimum length of ?&-in. fillet weld to tension flange: 

4.1/(2 x 5 x 0.928 x 1.67) = 0.3 in. 

Minimum length of %-in. fillet weld to web: 

4.1/(2 x 4 x 0.928 x 1.67) = 0.3 in. 

Since the problem, as stated, does not have reversible end moments, it would be 
permissible to finish the two compression flange stiffeners to bear instead of 
welding to the flange, using Fp = 0.9 x 36 = 32.4 ksi (Sect. 58). 

4.1 
f p = 2 ( 4 - % )  x % 

= 1.3 ksi < 32.4 ksi o.k. 

If welding is used, it should be the same at tension and compression stiffeners. 

Note that even though compression stiffeners are not indicated by Eq. (K1-1) 
o.r (Kl-8), they must be furnished as a requirement of Eq. (Kl-9). 



Many framing systems are designed as Type 1 (rigid-frame) and the connections must 
be designed to develop the frame moments. The following example illustrates the de- 
sign of a moment connection that may be used in rigid-frame construction. For no- 
menclature, see Moment Connections, Welded. 

The full plastic moment of the beam can be developed by welding the flanges. 
The shear is assumed to be transferred to the column by a vertical plate shop vvelded 
to the column and field connected to the beam web. 

ESlGN PROCEDUR 

A. Check beam strength. 

B. Check beam web connection. 

C. Investigate column web high shear. 

D. Determine need for stiffeners. 

K I T H  
FLGS. lYP 

EXAMPLE 36 

Given: 

Design a moment connection for a 24x55 beam framed to both flanges of a 
W14x99 column. The design wind moments are MI = M2 = 105 kip-ft and the end 
reaction is 33 kips. Column web shear is 18.0 kips. All material is ASTM A36 steel. 
Use %-dia. A325-N bolts and E70 electrodes. Gravity load moment = 125 kip-ft. 

Solution: 

From Properties and Dimensions Tables, Part 1: 

Beam (W24~55): d = 23.57 in., bf = 7.005 in. 
tw = 0.395 in., tf = 0.505 in. 

Column (W14x99): d = 14.16 in., bf = 14.57 in. 
tw, = 0.485 in., tf = 0.48 in. 
k = 17/16 in., T = 11% in. 

Research performed at the University of California and Lehigh University has 
demonstrated the full plastic moment capacity of the girder can be developed by 
welding only the flanges. Therefore, a full-penetration weld will be used to connect 
the girder flanges to the column. A plate will be used to transfer the shear. 

A. Check beam strength: 

S,,,,, = (230) (12)/0.66 (36) (1.33) = 87.3 in.3 < 114 in.3 o.k. 

B. Design web connection: 

33112.6 = 2.6, try 4 bolts 



Check bearing on beam web 

From Table I-E 
4 x 60.9 x 0.395 = 96 kips > 33 kips o.k. 

Design shear plate 

Try %-plate, 3-in. pitch, 1 = 12 in. 

A,,, = .3125 x [12 - 4(% + 1/16)] = 2.58 in.' 

0.30 x 58 x 2.58 = 44.9 kips > 33 kips o.k. 

Check bearing on shear plate 

From Table I-E 

4 x 19.0 = 74.0 kips > 33 kips o.k. 

Weld to column flange 

Dm, = 33/(2 x 0.928 x 12) = 1.5 in. 

Use %-in. fillet. See Table 52.4. 

C. Investigate column web high shear, V, = 18.0 kips 

MIL = MZL = 105 kip-ft, wind: net = 105 + 105 

MIG = M2, = 125 kip-ft, gravity (dead load): net = 0 

M2 Web panel shear = 5 F = + - - 
0.95 dl 0.95 d2 v s  

= 94.6 kips 

Web resisting force = 0.4 x F, x t, x d 
= 0.4 x 36 x 0.485 x 14.16 x 1.33 = 132 kips > 94.6 

Doubler plate not required. 

D.  Determine column-web stiffener requirements 

Horizontal force at stiffeners: 

From Column Load Tables for 

P,, = 125 kips (yielding) 
Pwi = 17 kipslin. (yielding) 
Pwb = 249 kips (buckling) 
PP = 137 kips (tension) 
Pbf = 120 x 413 = 160 kips 

Pwo + tbPwi = 125 + (0.505 x 17) = 134 kips < 160 kips; stiffeners required 
Pwb = 249 kips > 160 kips; stiffeners not required 
Pfl = 137 kips < 160 kips; stiffeners required 

Stiffeners are required at both the compression flange and the tension flange. For 
stiffener design guidelines, see AISC ASD Specification Sect. K1.8. 



Stiffener width = 7.00513 - 0.48512 = 2.09 in. use 2% in. 
Stiffener thickness = 0.50512 = 0.25 in. use 1/4 in. 
Stiffener length = (14.1612) - 0.78 = 6.3 in. use 6% in. 
Stiffener area req'd = (160 - 134)/36 = 0.72 in.' 
Stiffener area supplied = 2 x (2% x %) = 1.25 in.' o.k. 

Stiffener weld requirements 
Use fillet welds, E70 electrodes. 
From Table 52.4: 

Min. weld size to column web: 3/16 in. 
Min. weld size to column flange: 5/16 in. 

Weld length calculation: 
Force on compression flange: 160 - 134 = 26.0 kips 
Force on tension flange: 160 - 137 = 23.0 kips 

Compression flange governs. 
Load in stiffener = 2612 = 13 kips 
Remove load factor of 413 to determine the weld length (web), 
131(2 x 3 x 0.928 x (413)) = 1.8 in. 

Make weld full length of stiffener: 
6% - 3/4 (clip) = 5% in., both sides. 

Remove load factor of 4/3 to determine the weld length (flange), 
13/(2 x 5 x 0.928 x (413)) = 1.05 

2% - % (clip) = 1% in., both sides. 
Check shear stress in stiffener base metal: 

= 6.78 ksi < 0.4 x 36 x 1.33 = 19.2 ksi o.k. 

It may be permissible to furnish the two compression flange stiffeners to bear instead 
of welding to the column flange. See AISC ASD Specification Sect. 58. 

13 x % kips < 0.9 X 36 x % x 2% X 1.33 = 27 kips 0.k. 



Many framing systems are designed as Type 1 (rigid-frame) and the connections must 
be designed to develop the frame moments. The following example illustrates the de- 
sign of a moment connection that may be used in rigid-frame construction. For no- 
menclature, see Moment Connections, Welded. 

*i C 4 If s t i f feners a re  requi red they 

the c o l u m n  dep th  when b e a m  

required 

need 

I S  on  

no t  exceed 

one f lange 

one-half 

only. 

The moment is assumed to be resisted by flange plates shop welded to the column 
and field-connected to the beam flanges. The shear is assumed to be transferred to 
the column by a vertical plate shop welded to the column and field-connected to the 
beam web. 

ASD 
Specification 
Reference 

I 
Determine beam flange area reduction for fastener holes, if 
req'd. 

etermine horizontal force at beam flange: 

T = (M x 12)ld 

Design flange plates: 

Gross section: f, = TIA,,, 5 0.6 %i, 
Net section: f, = TIA,,, 5 0.5 F, 

Determine the number of fasteners required to develop the 
horizontal force in the flanges: 

No. of fasteners = Tlr, 
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E. Design the web connection: 

No. of fasteners required for shear = Rlr, (Table I-D). 

Check bearing on beam web (Table I-E). 

Check shear on plate. 

Check bearing on plate. 

Determine weld requirements (AISC ASD Specification 
Table 52.4). 

F. Check column web shear: 

Column must be reinforced in the panel zone with a doubler 
plate if the column web is not thick enough to resist the shear 
through the web in the plane below the top beam flange. Dou- 
bler plates are expensive and, in most cases, it would be more 
economical to choose a column section with a thicker web and 
avoid them. 

6 .  Check column for web stiffeners: 

Column web stiffeners are required (for nomenclature, see 
Part 3, Columns, General Notes on Column Web Stiffeners): 

At both flanges if Pbf > tbPwi + Pwo 

At compression flange if Pbf > Pwb 

At tension flange if Pbf > Pp 

Determine area of stiffeners, if required: 

where 

Pbf = factored beam flange or connection plate force in a re- 
strained connection, kips 

Required stiffeners must comply with the provisions of Sect. 
K1.8. 

Selected stiffeners must comply with width-thickness ratio limi- 
tation. 

H. Determine weld requirements of stiffeners to column web and 
flange. 

Note: Oversize holes in the moment ange plates assist in the field 
assembly of this type connection by compensating for the 
rolling, fabrication, and erection tolerances. 

Given: 

ASE) 
Specification 
Reference 

Commeintary 
E6 

Equation 
(K1-9) 

Design a moment connection for a W18x55 beam framing into each sidle of a 
W14x99 column. The design moment of 153 kip-ft and the end reaction of 40 kips 



are results of dead and live load only. All material is ASTM A36 steel with F, = 22 
ksi (for beam, Fb = 24 ksi). Use A325 bolts and E70XX electrodes. Oversize holes 
are permitted in the flange connection plates. 

From Properties and Dimensions Tables, Part 1: 

Beam (W18~55): d = 18.11 in., bf = 7.530 in. 
t,,, = 0.390 in., tf = 0.630 in. 

Column (W14~99): d = 14.16 in., bf = 14.565 in. 
t,,,, = 0.485 in., tf = 0.780 in. 
k = 17/16 in., T = 11% in. 

Solution: 

&! = 153 kip-ft 

S,,, = (153 x 12)/24.0 = 76.5 in.3 < 98.3 in.' o.k. 

Assume 2 rows of %-in. dia. A325 bolts in a slip-critical connection. 

Beam-flange area reduction: 

Af, (gross) = 7.530 x 0.630 = 4.74 in. 

Afi, (net) = 4.74 - 2(0.875 + 0.125) (0.63) = 3.48 in. 

0.5 F, Af, = 0.5 (58) (3.48) = 100.9 kips 

0.6 F, Afg = 0.6 (36) (4.74) = 102.4 kips 

Since 100.9 kips < 102.4 kips, the effective tension flange area is, 

(3.48) = 4.67 in.' 

S (net) = 88419.06 = 97.6ine3 > 76.5 h3 beamiso. 

Horizontal force at beam flange: 

T = (M x 12)ld = (153 x 12)/18.11 = 101.4 kips 

Design flange plates: 

Try plate % X 774 

Gross section 

- 15.0 < 22.0 ksi o.k. 
.ft = 7/8X73/4 - 

Net section 

Net area = 7/8 [(7%) - 2 ( 1 % ~  oversize + 1/16 net)] (Table 53.1) 
= 4.81 < 0.85 x 6.78 = 5.76 in.' 

f,=-- loL4 - 21.1 < 29.0 ksi o.k. 
4.81 

D. Flange connection: \ 

Assume %-in. dia. A325 bolts in a slip-critical connection in oversize holes, 
clean mill scale. 
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No. bolts required: 

Tlrv = 101.419.02 = 11.2 (Table I-D) 

Use: 12 - %-in. dia. A325-SC bolts. 

E. Web connection: 

Assume %-in. dia. A325 bolts in a bearing-type connection with threads in- 
cluded in the shear plane. 

No. of bolts required for shear: 

Rlr, = 40112.6 = 3.17 (Table I-D) 

Try 4 bolts. 

Check bearing on beam web: 

Assume 1% in. end distance. 

1% in. > 1% (%) = 1.31 in. Use Table 1%. 

From Table I-E for F, = 58 ksi, t = 0.39 in., 

Allowable load = 60.9 X 0.39 x 4 = 95 kips 

Use: Four %-in. dia. A325-N bolts. 

Design shear plate: 

Try a shear plate with 3-in. pitch, 1%-in. end distance, 1 = 12 in. 

In,, = 12 - 4 (% + %) = 8in .  

F;, = 0.30 x 58 = 17.4 ksi 

t, = 40/(17.4 x 8) = 0.29 in. 

Try a %6-in. plate 

Check bearing: 

From Table I-E for F, = 58 ksi, t = 5/16 in. 

Allowable load = 19 kipsholt 

19 kipsholt > 4014 = 10 kipslbolt 

Determine required weld to column flange: 

Since the column flange thickness is over 7'4 in., use 5/16-in. fillet weld (.AISC 
ASD Specification Table 52.4). 

Use: Shear connector plate 5/16 X 5 X 12 in. welded to the column flange with 
%-in. fillet welds full length each side. Designate on the drawings that weld 
is to be built out to obtain %-in. throat thickness. 

F. Investigate column web shear: 
Connection is balanced so web shear is zero. 

6. Determine need for column web stiffeners: 



M x 12 
Horizontal force at stiffeners = - 

d + tb 

= 96.7 kips 

Column web stiffeners with cross-sectional area A,, are required opposite both 
the tension and compression flange connection of the beam whenever Eq. (Kl-9) 
gives a positive answer: 

- - 161 - 140.8 
36 

= 0.56 in.' 

Alternatively, this calculation could have been made as follows: 

Note, since the answer is positive, stiffeners are required at both the tension 
and compression flanges. If this answer had been negative, it would require a 
further check by Eqs. (MI-1) and (K1-8), as follows: 

Stiffeners are required opposite the compression flange if: 

Sltiffeners are required opposite the tension flange if: 

In either case the stiffeners must be proportioned to comply with Specification 
criteria in Sect. K1.8: 

Stiffener width: 

w + twc/2 2 bl3 

where 

w = stiffener width 
twc= thickness of column web 
b = width of connecting plate or beam flange 

* The minor discrepancy from the Eq. (Kl-9) result is due to rounding of the terms. 
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w = (bl3) - (twc12) = ('7.7513) - (0.48512) = 2.34 in. (min.) 

Stiffener thickness: 

t, 2 tb/2 

where tb = thickness of connecting plate or beam flange 

t, = 0.87512 = 0.4375 in. (min.) at top and bottom flanges 

For practical detailing considerations, use a stiffener Y2 X 4 in. on each side at 
top and bottom flanges. Clip corner Yi in. X 3/4 in. 

Check stiffeners: 
Area furnished = 4 x ?h x 2 = 4 in.' > 0.56 in.2 0.k. 

Width-thickness ratio [Sect. 

wlt = 410.5 = 8.0 5 9 5 1 e  = 951- = 15.8 0.k. 

Length of stiffener should be not less than one-half the column depth [Sect. 
K1.81: 

Length = (14.1612) - 74 = 6.2 in. (use 6% in.) 

H. Stiffener weld requirements: 

Use fillet welds, E70XX. 

From AISC ASD Specification Table J2.4: 

Min. weld size Po column web: 3/16 in. 

Min. weld size to column flange: 5/16 in. 

Weld lengths: 

Determine forces at column web to be resisted by stiffener welds (see Step 6): 

Pbf - F,,,twc (tb + 5k) = 161 - 140.8 = 20.2 kips 

or 

Pbf - tbPwi - Pwo = 161 - 139.9 = 21.1 kips 

Determine forces at tension flange to be resisted by stiffener welds: 

Using Eq. (MI-1): 

or, using Properties from Column Load Tables, 

Pbf - Pfb = 161 - 137 = 24 kips 

Tension flange force governs. 

Weld requirements: 

Load in stiffener = 2412 = 12 kips each side 

1, = 
12 

= 1.3 in. (min. length of %-in. fillet weld to web) 
2 x 3 x 0.928 x 1.67 

Make weld full length of stiffener: 6Y2 - 3/4 = 53/4 in. both sides. 

= 0.8 in. (min. length of 5/16-in. fillet weld to tension flange) 
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Make weld full width of stiffener: 4 - 34 = 3% in both sides. 

Minimum thickness of plate to develop 5/16 fillet welds at maximum shear stress 
= 0.64 in. 

Check shear stress in weld metal: 

12 
'= 2 x 5/16 x 0.707 x 3% 

= 8.4 ksi < 0.3 X 70 X 1.67 = 35.1 ksi o.k. 

Check shear stress in stiffener base metal: 

f v =  -- l2 - 7.4 ksi < 0.4 x 36 x 1.67 = 24.0 ksi o.k. 
Y2 x 3% 

Since the problem, as stated, does not have reversible end moments, it is permissible 
to finish the two compression flange stiffeners to bear instead of welding to the 
flange. 

Fp - 0.90Fy = 0.90 x 36 x 1.67 = 54.1 ksi [Sect. J8] 
24 

fp = 2(4 - %) x Y2 
= 7.4 ksi < 54.1 ksi 0.k. 

If welding is used, it would be the same at tension and compression stiffeners. 

Note that even though compression stiffeners are not indicated by Eq. (Kl-8) ,  they 
must be furnished as a requirement of Eq. (Kl-9). 



Section A- 

A 

If stiffeners are required, they 
need not exceed one-half the 
column depth when beam is on 
one side only. 

4-tension Bolts &tension Bolts 
*For fillet welds size greater than I12 in, 
full penetration welds with reinforcement 
should be considered. 

1. Both four-tension bolt and eight-tension bolt end plates are discussed on the fol- 
lowing pages. The eight-bolt type will carry greater moments than the four bolt 
and therefore a wider range of beam sizes may be used. Additionally, even 
though the applied moment is not beyond the limit of four-tension bolts, an eight- 
bolt type might be chosen because it may eliminate the need for stiffeners in the 
column opposite the tension flange (see item 6C under Notes for Four Tension 
Bolt Type). Stiffeners in columns are an item of expense. More importantly, they 
interfere with connections into the column web and should be avoided if at all 
possible. 

2. Bolts must be fully-tightened for end-plate connections. 

3. Tension bolts in slip-critical, end-plate connections are fully effective for shear 
(see Sect. C5 Commentary on Specification for Structural Joints Using ,ASTM 
A325 or A490 Bolts, Manual, Part 5). In bearing type end-plate connections, 
bolts subjected to both tension and shear can be designed using a shear-tension 
interaction equation. For end plate connections, 2 to 8 or more bolts are always 
provided in addition to the tension bolts. These additional bolts are fully effective 
for shear. Also, fully stressed tension bolts can be additionally stressed in shear 
to at least ?4 of their normal shear value. 



End reaction shear is seldom a problem in end-plate connections and calculations 
for bolt shear are not shown in the following examples. However, a designer may 
want to check bolt shear, particularly in cases of deep short span beams subjected 
primarily to concentrated loads. 

4. End-plate material for custom fabricators should preferably be A36. 

5. Attention should be given to the possibility of reverse, or partially reversed mo- 
ments and the design adjusted accordingly. 

6. To allow for bolt driving clearances, the minimum value of Pf must be equal to the 
bolt diameter plus % in. Thus, for 1%-in. dia. bolts, Pf must be at least 2 in. It may 
be practical and economical to standardize on a value of Pf = 2 in. to minimize 
drafting and fabrication costs. * 

1. When the high-strength bolts in an end-plate moment connection are located at 
a distance Pf above and approximately the same distance below the beam tension 
flange, the force applied to each bolt by the beam end moment can be considered 
equal. 

2. When the applied moment is less than the moment capacity of the beam, the bolts 
and end plate may be designed for the applied moment only. However, the beam 
web weld to the end plate should develop the capacity of the web in tension at 
0.60Fy for a distance of approximately 2Pf below the beam tension flange. The 
balance of the web to end-plate weld should be continuous, but may usually be a 
minimum size as required by the end-plate thickness. 

3. Where possible, the end-plate width should be approximately 1 in. greater than 
the width of the beam flange for proper welding. This width of bf + 1 is also the 
maximum effective width which may be used in design calculations. 

4. Maximum bolt size is 1%-in. dia. No research on end plates has been done with 
larger bolts. 

5. A325 or A490 bolts may be used. 

6. Column stiffeners are required for the following cases: 

A. For column web yielding opposite the compression flange, prhen 

Pbf 2 Fyctwc(tfb + 6k + 2tp + 2 ~ )  

B. For column-web buckling, when 

C. Opposite the beam tension flange, when tfc < tp (req'd) using the four tension 
bolt end-plate design procedure** with the following assumptions: 

1. Effective column flange length (analagous to end-plate width): 

bp = 2.5 (Pf + tfb + Pf) 

* GrifJiths, John D. End-plate Moment Connections-Their Use and Misuse. A ISC Engineering 
Journal, Vol. 21, 1st Qtr., 1984, Chicago, 111. 

* * Krishnamurthy, N. A Fresh Look at Bolted End-plate Behavior and Design. A ISC Engineer- 
ing Journal, Vol. 15, 2nd Qtr., 1978, Chicago, Ill. 
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Note: For Pf = 2 in. and with the inner tension bolts located 3 in. below 
the top of the beam flange the effective column flange length is 
2.5 (2 + 3) = 12.5 in. 

2. Pe, = (g12) - kl - (d,/4) 

Where P,, = effective horizontal bolt distance analogous to Pe for end 
plates. * 

3. cb = 1.0 
Af /A, = 1.0 

7. In the preliminary design procedure which follows: 

The calculated bolt diameters obtained from the preliminary design should not 
vary from the four-tension bolt end-plate design procedure by more than 3 to 4%. 
There will be a greater variation for end plate thicknesses-generally not more 
than 10% undersize or oversize. Ten percent should be added to the preliminary 
design end plate thicknesses for beams with depths of 114 in. and under. 

A point of inflection is assumed halfway between the beam flange or weld 
and the centerline of the upper bolt. Thus the lever arm is reduced frorn Pf to 
Pf/2. Note that nominal beam depths and flange widths are used to simplify the 
preliminary design. 

The Pf value selected may be reduced by the leg size of the fillet weld1 or the 
leg size of the reinforcing fillet (if used) for groove welds. 

The thickness of the end plate is determined by limiting the calculated 
extreme fiber bending stress to 0.75FY, which for A36 steel is 27 ksi. 

27 x b, 

EXAMPLE 38 

Preliminary Design 

Given: 

Design a four-tension bolt end-plate connection for a W 1 8 ~ 5 0  (7% X %6-in. flange) 
with a 160 kip-ft moment and a 40-kip end reaction framing into the flange of a 
W14~132 column, no reverse moment. A36 steel. Assume Pf = 2.0 in. 

Solution: 

End Plate Width b, = bfb + 1 = 7.5 + 1 = 8.5 in. 

Flange Force Ff = 
M - - 160 

l2 = 107 kips 
Nominal depth 18 

107 
Bolt force T = - = 26.8 kips 

4 
Use 1-in. dia. A325 bolts (allowable tension = 34.6 kips). 

Flange Weld D = 
107 

= 7.31 
0.928 [2 (7.495 + 0.570) - 0.3551 

* Murray, T. M. and L. E. Curtis Column-flange Strength at End-plate Connections AISC En- 
gineering Journal, 2nd Qtr., 1989, Chicago, Ill. 
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Use %-in. fillets. 

26.8 X 2 X (2 - 0.5) 
End Plate Moment Me = 

2 
= 40.2 kip-in. 

End plate thickness t, = d- = 1.03 in. 

Use 1%-in. plate 

Column Stiffeners 

Opposite tension flange, effective column length = 12.5 in. 

Assume g = 5.5 in. 

For preliminary design, k, can be taken conservatively as 0.75; and db/4 may be 
omitted. 

P,, = (812) - 0.75 

= (5.512) - 0.75 = 2 in. 

Column flange moment = (26.8 x 2 x 2)/2 
= 53.6 kip-in. 

Req'd column-flange thickness: 

= 0.98 in. 
tfc = 27 x 12.5 

0.98 < 1.03 in. = column flange thickness o.k. 

See Ex. 39 for further information on column stiffeners. 

Summary: Six l-in. dia. A325-X Bolts (4-in tension) 
1% x 8% X 2'-1 plate 
Welds as normally selected according to Note 2 above. 

TENSION BOLT END-PLAT ESGN PROCEDURE 

The effective bolt distance Pe used to compute the bending moment in the end plate 
may be taken as: 

Pe Pf - (db/4) - 0 . 7 0 7 ~  

where 

Pf = distance from centerline of bolt to nearer surface of the tension flange, in. 
w = fillet weld size or reinforcement of groove weld 
db = nominal bolt diameter, in. 

The eind plate is designed to resist the moment Me using Fb = 0.75 Fy = 27 ksi (A36 
steel): 

where 

a, = C,C~(A~  /A w)1'"~e/db)114 
Ca = 1.13 for beam F, = 36 ksi; 1.11 for beam Fy = 50 ksi 
cb q b f 6 / b p  
Af := area of tension flange, in.' 
A,:= web area, clear of flanges, in.' 



Recommended plate width: 

bp = bfb + 1 

Required plate thickness, tp: 

Required flange fillet weld: 

F 
DReq'd = [2 (bf + tf) )1 tw] 0.928 

Required weld to develop maximum web bending stress near flanges: 

Check adequacy of column size and need for web stiffeners or reinforcement. See 
Note 6. 

Four-Tension Bolt End-Plate Design 

Given: 

Design an end plate for a W16 x 40 beam having an end reaction of 30 kips and a 
fked-end moment of 120 kip-ft (due to gravity load only) framed to the flange of a 
W14 x 193 column. Use minimum Pf (bolt dia. + ?4 in.). Use A325 bolts, A36 steel 
for all members. 

W16x40 S, = 64.7 in.3 
d = 14.01 in., bfb = 6.995 in. 
tf, = 0.505 in., twb = 0.305 in. 

Bolt design: 

F - 
M - - 120 l2 = 92.9 kips 

- (d - tfb) (16.01 - 0.505) 

Req'd T = 92.914 = 23.2 kips 

Use %-in. dia. A325 bolts 

From Table I-A, TaIIow = 26.5 kips o. 

Top flange to end plate weld 
92.9 

D ~ e q ' d  = 0.928 [2 (6.995 + 0.505) - 0.3051 
= 6.8 

Use %6-in. fillet welds 

End-plate design: 

Maximum design plate width: 

b, = 6.995 + 1 = 7.995 

Use 8-in. plate with 5%-in gage 



Effective bolt distance: 
P, = (% + %) - (?h x %) - (0.707 x 7/16) = 0.847in. 

C, = 1.13 for Fy = 36 ksi 

Al' = - 6.995 x 0.505 
= 0.772 

A,, [16.01 - (2  X 0.505)] X 0.305 

a, = 1.13 x 0.935 X (0.772)'" X (0.968)'14 = 0.961 

M,, = 0.961 x 92.9 x (0.84714) = 18.9 kip-in. 

Req'd plate thickness: 

$, = Jz = 0.725 in. 

Use: % in. x 0'43 A36 plate 

E. Beam web to end-plate weld 

Minimum size fillet weld is Y4 in. 

Required weld to develop maximum web tension stress (0.60Fy = 21.6 ksi) in 
web near flanges. 

Use %-in. fillet welds continuous on both sides of beam web 

F. Column stiffeners 

Check column yielding k = 2% 

Pbf = 513 x flange force = 513 x 92.9 = 154.8 kips 

Pbf (allow) = Fyc x t,, x (tP + 6k + 2tp + 2w) 

= 36 x .89 x [SO5 + (6 x 2.125) + (2  x 0.75) + (2  x 0.4375)] 

= 500.8 kips > 154.8 kips o.k. 

Check column web buckling. 

4100tW,3 6 
Pbf (allow) = 

dc 

- - 4100 (0'890)3 f16 = 1542 kips > 154.8 kips o.k. 
11.25 

Check column flange bending opposite tension flange. 

kl = 11/16 in. 

b~ = 2.5 (1.375 + 0.505 + 1.375) = 8.14 in. 

PeC = (5.512) - 1.0625 - (0.87514) = 1.47 in. 
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Required flange thickness: 

I, = \i- = 1.10 in. < 1.44 in. o.t.  

Column web stiffeners are not required. 

1. The connected beam section must be hot-rolled and included in the Allowable 
Stress Design Selection Table, pg. 2-4. 

2. The vertical pitch Pf from the face of the beam tension flange to the first row of 
bolts must not exceed 2% in. 

The vertical spacing between bolt rows Pb must not exceed 3db except it is com- 
mon to use Pb = 3 in. when the bolt dia. is less than 1 in. 

3. The horizontal gage g must be between 5% and 7% in. 

4. The thickness of stiffeners between the beam flanges and the end plate should be 
equal to or greater than the thickness of the beam web. 

5. For the shortened &bolt design (which follows), six of the eight bolts are consid- 
ered to be fully effective. 

6. The web to end-plate welds should develop the beam web in tension for a distance 
of Pf below the innermost bolt. 

7. Column stiffener requirements may be determined as for the four-tension bolt 
type except that the effective column-flange length, which is the equivalent end- 
plate width, is 

b, = tp + 2Pf + 3.5Pb** 

8. Research on this connection has been limited to A325 bolts; therefore, only A325 
bolts may be used in $-tension bolt end-plate connections. 

TENED EIGHT TE 

1. Compute beam flange force Ff : 

* Murray, T.  M. and A. R. Kukreti. Design of 8-Bolt Stiffened Moment End Plates. AZSC Engi- 
neering Journal, 2nd Qtr., 1988, Chicago, 111. 

* * Murray, T. M. and L. E. Curtis. Column-flange Strength at End-plate Connections. A ISC En- 
gineering Journal, 2nd Qtr., 1989, Chicago, Ill. 



Where: 

M = beam end moment 

d = beam depth 

tp, = beam flange thickness 

Determine req7d bolt force T: 

Select bolt size, A325: 
Select bolt size from Table I-A, T 5 Tab, 

Compute tee-stub analogy moment Ma: 

Ma = moment in plate caused by two bolts with inflection point at Pf/2. 

= 2 x T x (Pf12) = T x Pf 

Compute tee stub analogy plate thickness t,,: 

Compute correction factor CF: 

Compute final thickness t,: 

tP = CF x tpa 

Shortened Eight-tension Bolt End-plate Design 

Given: 

Design an eight-tension bolt moment end plate to develop the moment capacity of 
a W24~94,  A36 steel, beam under gravity loading. The beam frames into a 
W14~311. Gage = 5.5 in., Pbf = bolt dia. + % in. 

Solution: 

W24x94 bf, = 9.065 in. d = 24.31 in. 
tf, = 0.875 in. tWb = 0.515 in. 

M = & = 440 kip-ft (Manual, Part 2, p. 2-10) 

440 X 12 
Flange Force: F - 

- 24.31 - 0.875 

= 225.3 kips 

225.3 - 37.6 kips Single Bolt Force: T = - - 
6 

Bolt Size: Select 1%-in. dia. A325 bolts 

Ta,,, = 43.7 kips (Table ) > 37.6 kips 0.k. 
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End-plate Geometry: 

db = 1% in., P f = 1 % + % = 1 % i n .  

g =5?hin. ,  bp = 10 in. < bf, + 1 = 10.065 in. 

Pb = 3db = 3% in. 

Tee-stub Analogy End-plate Moment: 

Ma = T x Pf = 37.6 x 1.625 = 61.1 kip-in. 

Tee-stub Analogy End-plate Thickness: 

6 X 61.1 
= 1.17 in. 

27 x 10 

Correction Factor CF 

Final End-plate Thickness: 

tp = tp, x CF = 1.17 X 1.07 = 1.25 in. 

Top Flange to End-plate Weld: 

(225.3) 
D""" = 0.928 [2 (9.065 + 0.875) - 0.5151 

= 12.5 sixteenths 

Use full-penetration groove weld. 

Beam-web to End-plate Weld: 

Minimum size fillet weld is -716-in. 

Required weld to develop maximum web tension stress 
(0.60Fy = 21.6 ksi) in web near flange: 

0.515 X 21.6 
D R ~ ~ , ~  = = 5.99 sixteenths 2 x 0.928 

Use %-in. fillet welds on both sides of beam web for a distance Pf below the inner 
most bolt. A %-in. weld may be used on the remaining plate to web weld. 

Stiffener to End-plate and Beam-flange Weld: 

Use same weld as for beam web near tension flange, e.g. 3/8 in. both sides. 

Column Stiffeners: 

Check column yielding: k = 2l5/16 in. 

Ybf  = 513 x flange force = 513 x 225.3 

= 375.5 kips 

Pbf (all) = F,, x t,,,, x ( tp + 6k + 2tp) 

= 36 x 1.410 x [0.875 + (6 x 2.9375) + (2  x 1.25)J 

= 1066 kips > 375.5 kips oak. 



Check column web buckling T = 11.25 in. 
4100tw,3 6 

T ~ e q ' d  = 
Pbf 

- 4100 (1.410)~ fl 
375.5 

= 183.6 in. > 11.25 in. o. 

Check column-flange bending 
b, = t p + 2 P f + 3 . 5 P b  

= 0.875 + (2 x 1.625) + (3.5 x 3.375) 
= 15.94 in. 

P, = (gl2) - kl - (db 14) 
= (5.512) - 1.3125 - (1.12514) 
= 1.16 in. 

Cb = 1.0 
AfIAw= 1.0 

a, = 1.13 x 1.0 x (1.0)lI3 x (1.1611.125)114 

= 1.14 

Me = 1.14 x 225.3 x (1.1614) = 74.48 kip-in. 

tfc 
= 15.94 x 27 = 1.02 in. < 2.26 in. o.k. 

Summary: 

Eight 1%-in. dia. tension A325 bolts 

End plate: 1% X 9 in. 
Stiffener: %-in. 



Details on this and succeeding pages are suggested treatments only and are not in- 
tended to limit the use of other connections not illustrated. 

Punch holes skewed 
in detail material, 
square with axis of beam 1 

Note A: If a combination of several connections occurs at one level, provide field and driving 
clearance. 

Stiffeners 
if require 

Stiffeners 
if reqH - 

Slotted holes F 



Stiffeners 
(if req'd) 

Cope for fire 
-orotectbon 

Stiffeners 
(if req'd) 

Shear 
bolts 

U i ~ a c k l n ~  bar 

Accessibility may /Iim:it length 

required 

bar 

For additional information on moment connections of beams to column webs, refer 
to AISC Engineering for Steel Construction. 
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-Shoo bolt or weld--1 

Note: Check web shear and moment 
in coped beam. 

1 4  framing angles /L* 
L2 plates 

Note: Of the above types, 4 framing angles is most flexible 

Backing 
bar 

4 3 3 2 e B  
Finger Strip 



EL MENT SPLICE 

S p k e  plate 

'-Shear carr led\~acklng bar 

Backing ,$&<Note A 
bar ---, 

Note A 
A 

4 o t c h  b e a m k ~ N o r e  B 
webs (typ.) 

bv bolts 

Note A: Joint preparation depends on thickness of material and welding process 
Note B: Invert this joint preparation if beam cannot be turned over. 

L ~ t i f f e n e r  plates 
if requ~red *For Plastic Design see Spec. Sect. N6. 
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Shop weld 
or bolt 

Base plate detailed and shipped loose when required. 

as 
required 

Note: Hole sizes for anchor bolts are normally 
made oversize to facilitate erection as follows: 
Bolts % to 1 in.-5/16 in. oversize 
Bolts 1 to 2 in.-% in. oversize 
Bolts over 2 in.-1 in. oversize 
Larger holes are permitted 
if plate washers are used. 

washer 



Washer-, 

C 

bolts 

Base plates are normally detailed and shipped loose. 

Note: Hole sizes for anchor bolts are normally 
made oversize to facilitate erection as follows: 
Bolts 3/4 to 1 in.-% in. oversize 
Bolts 1 to 2 in.-% in. oversize 
Bolts over 2 in.-1 in..oversize 
Larger holes are permitted 
if plate washers are used. 



Shim as 
required 

,Erection 
clearance 

Erect~on 
clearance 
Shim as 
required 

Erection--- 
pin hole 
(opt~onal) 

DEPTH OF Du AND DL 
NOMINALLY THE SAME 

\Erection clearance 

7 
Fasteners 
to develop 
plates 

I 

DEPTH Du NOMINALLY 
2 IN. LESS THAN DL 

\7~on-bear~ng fill 

F~nish bearing plate 

B u l l  PLATE 

Note: Erection clearance = '/a in. 
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DEPTH OF Du AND DL 
NOMINALLY THE SAME 

BUTT PLATE 

DEPTH D u  NOMINALLY 
2 IN. LESS THAN DL 

Notes: Erection clearance = '/a in. 
When DU and DL are nominally the same and thin fills are required, shop may attach splice 
plate to upper section and provide field clearance over lower section. 
Stability of upper shaft, with its loading, should be considered until the final welding is com- 
pleted. 
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Note A 

Note A 

Alternate location, i f  
permitted by web 
framing - 

, - 

BUTT PLATE 

DEPTH OF Du AND DL DEPTH Du NOMINALLY ERECTION AID AND 
NOMINALLY THE SAME 2 IN. LESS THAN DL STABILITY DEVICE 

Note A 

BUTT PLATE 

DEPTH OF D u  AND DL DEPTH D u  NOMINALLY 
NOMINALLY THE SAME 2 IN. LESS THAN DL 

Note A: Use fillet welds or partial penetration 
weld whenever ~ossible. 

Finish bearing plates in accordance with AlSC Spec. Sect. M2.8. 



Notch column, enter 
plate from top 

% web 
TYP. 

% web "T? Typ. 

Beam web bolts 

Tee 

Note: Details similar for pipe and tubing. k 

Alternate 
location of 

erectlon seat 

If -tapping 
bolt 

mmirnum shop weld 
(remove after erection 
if necessary) 

Note: Connections within tubes and pipe may be difficult or impossible to erect. 

Clip angle 
Fill 

Girt lines 

blocking girts when possible. 



Hex. nut 3z 

Hex. nuts 

Hex. nut 

Note: Dimension d should 
be based on design req't 
for uplift 



ssembling clearances 

A325 AND A490 HIGH-STRENGTH BOLTS 
ENTERING AND TIGHTENING CLEARA 

Dia. Socket 

2% 
1 I/' 2% 
1 '/4 3% 
1% 3% 
1 % 3% 

socket @ 

HI = height of head 
H, = shank extension, max., based on one flat washer 
Cl = clearance for tightening 
C, = clearance for entering 
C3 = clearance for fillet, based on std. hardened 

washer 

A325 AND A490 HIGH-STRENGTH BOLTS 
STAGGER FOR IMPACT WRENCH TIGHTENING 

Stagger P 

High-strength Bolt Diamet 

:tightening 
clearance 



A325 AND A490 HIGH-STRENGTH TENSION CONTROL BOLTS 
ENTERING AND TIGHTENING CLEARANCES 

SMALL INSTALLATI 

Hl = height of head 
H, = shank extension, m a . ,  based on one flat washer 
6, = clearance for tightening 
C, = clearance for entering 
C3 = clearance for fillet, based on std. hardened 

washer 

A325 AND A490 HIGH-STRENGTH CONTROL BOLTS 
STAGGER FOR INSTA TOOL 

Staaaer P 

Bolt Diameter 

C, =tightening 
clearance 



A325 AND A490 HIGH-STRE GTH TENSION CONTROL BOLTS 
D TIGHTENING CLEARANCES 

STALLATION TOOL 

Bolt Tool 
Dia. Dia. Hl H, C, C, 

3% 9/16 1% 1% 
3% 13/4 1% 1% 

v4 2% 13/8 1% vi 
% 2% 9/16 1% 1% 

2% 5/8 134, 1% ii/8 

H, = height of head 
H, = shank extension, ma. ,  based on one flat washer 
C, = clearance for tightening 
C, = clearance for entering 
C, = clearance for fillet, based on std. hardened washer 

Round 

3/4 

?h 

Tool 
Socket C D E  

2 1 % 2% 3% 3% 

H, = height of head 
H, = shank extension, m a . ,  based on one flat washer 
C, = clearance for tightening 
C2 = clearance for entering 
C3 = clearance for fillet, based on std. hardened washer 





ction clearances 

59/16 5x6 W14X730 to 43 
T h ~ s  d~mens~on constant 
for column W12X336 to 40  

FLANGE CUTS WEB CONNECT10 

When beams f ram~ng to the flanges 
of columns mterfere w ~ t h  beams 
f ram~ng to the web of the column. 
the latter must be cut as shown. 

D~mens~ons are for bolts and rlvets. 

In all cases where members must 
be erected by dropp~ng down. 
allow at least ' 5  ' clearance. 

Bolt head or w e t  

7i : l i w l 4 ~ 1 3 6  to 87 

W12X336 to 210 

W14X84and 78: W12X190 to 65 

W14X82to 61: Wl2X58 and 53 :W lOX l l 2  to 49 

Notes: 
1. Information shown on these clearance diagrams applies to both the old and new WF and 

W series. Maximum clearances are shown to accommodate the slight differences in di- 
mensions. 

2. Values shown for clearances over rivet heads are applicable when applied to bolt heads, 
but not to the nut and stick-through. See Table of Assembling Clearances for high- 
strength bolt clearance dimensions. 

3. Based on Table of Dimensions of Structural Rivets. 



Square ex Countersunk 

Bolt head dimensions, rounded to nearest 'A6 in., are in accordance with ANSl 
818.2.1-1981 (Square and Hex) and ANSl 18.5-1978 (Countersunk). 

kilt Heads 

Heavy Hex 

Standard Dimensions for E 
71 

Dia. 
)f Bolt 

D - 
In. - 
'h 
% 
112 

% 
3/4 
7/8 

1 
1 'h 
1 114 
1 
1 '/2 
1 3/4 

2 
2% 
2% 
2% 

3 
3 '/4 
3% 
33/4 

4 

Square Hex Countersunk - 
Width 

C 

- 
Width 

C 
Height 

H 
Width 

F 
Width 

C 
Height 

H 
Width 

F 
Height 

H 
Dia. 

C 

In. - 
3/16 

'h 
5/1 6 

%6 
lh 
% 

'%6 
3/4 
% 
'=A6 

1 
- 

- 
- 
- 

- 
- 
- 
- 

- 

In. - 
71 6 

%6 
3/4 
'%6 

1 '/6 
1 =As 

1 % 
1 "A6 
1% 
2% 

2% 

3 
3% 
33/4 
4% 

4'h 
4% 
5% 
5548 

6 

In. - 
'h 
YE 
7/e 

I 
15/16 
1 % 

1 3/4 
1'5/16 
2% 6 

2% 
2% 
3 

3% e 
3% 
4%6 
43/4 

5% 6 

5% 
6% 
6% 

6'346 

In. - 
Yls 
'h 
?h 
%6 
lh 
%6 

'%e 
3/4 
7/8 
'%6 

1 
13/16 

1 % 
1 % 
11%6 
1 l3/16 

2 
3 % ~  
2 % ~  
2% 

2l1/1~ 

In. - 
- 
- 

1 
1 1h 
1 %6 
l1lAe 

1 7/e 

21As 
2% 6 

2% 
2% 
3% 

3% 
4x6 
4% 
4'%e 

5% 
- 
- 
- 

- 

In. - 
'/2 

''A6 
% 

1 Ih 
1 % 
19/16 

1 '%a 
2% e 

2% 
2% 
2*lAa 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 

For dimensions for high strength bolts, refer to Allowable Stress Design Specification for 
Structural Joints Using ASTM A325 or A490 Bolts in Part 5 of this manual. 
Countersunk head bolts may be ordered with slotted or socket head. 



S 
Nuts 

Square Hex 

Nut dimensions, rounded to nearest %B in., are in accordance with 
ANSI 81 8.2.2-1 972 (R1 983). 

luts Dimensions fc 

Square Hex e - 
leight 

IV 

- 
ieighi 

N 

HI - 
Nidth 

F 

p-J 
Yidth 

C 

- 
Width 

F 

avy HI - 
Nidth 

C 
ut Size 

- 
In. - 
'A 
?h 
lh 
% 
3/4 
7'8 

1 
1 '/a 
1 '/4 
1 % 
1 % 
1 3/4 

2 
2% 
2% 
23/4 

3 
3Y4 
3% 
33/4 

4 

Yidth 
F 

Yidth 
C 

leight 
N 

Nidth 
C 

leight 
N 

In. - 
5/a 
7/8 

I 'h 
17/16 

1%6 
1 '/a 

! lh 
!% 
!% 
!'5/16 
Wl 6 
- 

- 
- 
- 
- 

- 
- 
- 
- 

- 

In. In. In. In. 

For dimensions for high strength bolts, refer to Allowable Stress Design Specification for 
Structural Joints Using ASTM A325 or A490 Bolts in Part 5 of this manual. 
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With square heads and hexagon nuts in pounds per 100 

Diameter of Bolts, In. 



Special cases in pounds per 100 

Weights for combinations of bolt heads and nuts, other than square heads and hex nuts, may 
be determined by making the appropriate additions and deductions tabulated below from the 
weight per 100 shown on the previous page. 

Combination 
Diameter of Bolt in Inches 

Square bolt with 
square nut 

Square bolt with heavy 
square nut 

Square bolt with heavy 
hex nut 

Hex bolt with square 
nut 

Hex bolt with 
hex nut 

Hex bolt with heavy 
square nut 

Hex bolt with heavy 
hex nut 

Heavy hex bolt with 
heavy square nut 

Heavy hex bolt with 
heavy hex nut 

Weights of bolts over 1 l/4 inches in diameter may be calculated from the following data. Stan- 
dard practice is hex head bolts with heavy hex nut. Square head bolts and square nuts are 
not standard in sizes over 1% inches. 

Diameter of Bolt in Inches 
Weight of 100 Each 

1% 11% 11% 1 2  1 2 %  121/212%/ 3  13 ' /4131/213%1 4 

Square heads 
Hex heads 
Heavy hex heads 
Square nuts 

Linear inch of 
unthreaded shank 42.0 50.0 68.2 89.0 113 139 168 200 235 272 313 35 



Length 
Under 
Head 
In. 

Diameter of Bolts, In 

Per inch 
additional 

add 
For each 
I00 Rlain 

round 
washers 

add 
For each 
100 

beveled 
square 

washers 
add 

This table conforms 
updated for washer 

to weight 
weights. 

standards adopted the Industrial steners Institute 



SC 
Unified Standard Series- 

ANSl 51 .l-1982 
N o m i n a l  size (bas~c major d~a.) 
, No. threads per mch in) 1 -- Thread serles symbol 

r-- Thread class symbol 

Left hand thread 
No symbol req'd for 
right hand thread. 

-tttc 

Thread Dimensions 
Dia. 

Min. 
Ro$ Tensilea 

Min. 
Gross Rott 

5.940 4.62 
7.069 5.62 
8.296 6.72 
9.621 7.92 

11.045 9.21 
12.566 10.61 

- 
Min. 
Root 

K 
i+ensilea 
Stress 

- 
3asic 
Aajor 

D 

- 

Gross 
AD 
In.' 

'h'dsl 
Per 
In. 
n 

Min. 
Root 

K 

In. In. In. 

'Tensile stress area = 0.7854 

bFor basic major diameters of ;/4 to 4 in. incl., thread series is UNC (coirse); for 4% in. 
dia. and larger, thread series is 4UN. 

'2A denotes Class 2A fit applicable to external threads, 28 denotes corresponding Class 
25 fit for internal threads. 

OF THREAD ON 5 
ANSl 518.2.1-1 972 

I Diameter of Bolt D. In. 

To6in. Incl. 3/4 1 1*/4111h113/412 121/4121/2123/413 131/4133/4141/4143/415l/4153/4161/; 

Thread length for bolts up to 6 in. long is 2 0  + 1/4. For bolts over 6-in. long, thread length 
is 2 0  + These proportions may be used to compute thread length for diameters not 
shown in the table. Bolts which are too short for listed or computed thread lengths are 
threaded as close to the head as possible. 
For thread lengths for high-strength bolts, refer to Allowable Stress Design Specification 
for Structural Joints Usina ASW A325 or A490 Bolts. 



' I  Grip = thickness 
plate + '/4" 

Thread: UNC Class 2 B  

"Safe working load based on 5:l safety factor using maximum pin diameter. 

UMBERS FOR VARl 

iametel 
)f Tap, 
In. - 
5/8 

3/4 

7/a 

1 
1 1/4 

1 % 
1 % 
1 3/4 

2 
2 '/4 
2% 
23/4 

3 
3'/4 
3% 
33/4 

4 

Diameter 

1% 2 

3 
3 3% 
3% 3% 
4 4 
5 5 

5 5 - 
- 

6 
6 - - 

- - 
- - 
- - 
- - 

- - 

In. 

2% 2% 

5 

5 6 
6 6 
6 7 
7 7 

7 8 
- 
- 8 

8 - 8 

- 8 

Above Table of Clevis Sizes is based on the Net Area of Clevis through Pin Hole being equal 
to or greater than 125% of Net Area of Rod. Table applies to round rods without upset ends. 
Pins are sufficient for shear but must be investigated for bending. For other combinations of 
pin and rod or net area ratios, required clevis size can be calculated by reference to the tabu- 
lated dimensions. 
Weights and dimensions of clevises are typical. Products of ail suppliers are similar and es- 
sentially the same. 



Threads: UNC and 4 UN Class 28 

Standard Turnbuckles Weiaht of Turnbuckles. Pounds 
Turnbuckle 
~afe Workin( 
.oad, Kips* 

s, In. - 
e 

ength - 
12 

In. - 
18 

* Tabulated loads for Clevises and Turnbuckles have been supplied to AlSC and are claimed 
to be based on a 5:l safety factor. The higher-than-usual safety factor is because these de- 
vices are most often used for rigging and may be subject to dynamic and impact loading. 
Users should check with individual suppliers to verify the specified breaking load. 
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Diameter 
of Screw D 

In. 

Thread U N C  and 4 U N  Class 28 

Short 
Diameter 

Long 
Diameter 

Dimensions. In. 

Length 
1 

Nut 
n 

Clear 
C 

Weight 
Lbs. 

Strengths are greater than the corresponding connecting rod when same material is used. 
Weights and dimensions are typical. Products of all suppliers are similar and essentially the 
same. 



Grip 
7 

I 

Diameter 
of Pin 

d 

Nut (suaaested dimensions) 

inleig ht 
Lbs. 

Thick- 
ness 

t - 
7/8 

1 
1 l/8 
1 l/4 

1 % 
4 'h 
4 % 
1 3/4 
1% 
1% 
2% 
2l/8 
2% 
2% 

Dial 
Short 
Dia. 
3 
3% 
4% 
4% 
53/4 
6 '/4 
7 
7% 
8% 
8% 
9% 

1 O1h 
1 1 +h 
1 1 lh 

!ter 
Long 
Dia. 
3% 
4% 
5 
5% 
6% 
7'/4 
8% 
8% 
9% 

10 
10% 
11% 
13 
13 

Rec 
Rough 

Dia. 
2% 
3% 
3% 
4% 
5l/4 
574 
6'/2 
7 
7% 
8 
83/4 
9% 

10% 
10% 

Grip , 
Althouah nuts mav be used on all sizes of   ins 

as shown ibove, for pins over 10-in. dia. the pre- 
ferred practice is a detail similar to that shown at the 
left, in which the pin is held in place by a recessed 
cap at each end and secured by a bolt passing com- 
pletely through the caps and pin. Suitable provision 
must be made for attaching pilots and driving nuts. 

Typ~cal  Pin Cap Detall for Pins 
over 10 Inches in Diameter 

HORIZONTAL OR VERTICAL PIN HORIZONTAL PIN 

1" 

1 = Length of pin, in ~nches. 



e AISC Specification and the Structural Welding Code of the American Welding 
Society exempt from tests and qualification most of the common welded joints used 
in steel structures. Such exempt joints are designated prequalified. AWS pre- 
qualification of a weld joint is based upon experience that sound weld metal with 
appropriate mechanical properties can be deposited, provided work is performed in 
accordance with all applicable provisions of the Structural Welding Code. Among 
the applicable provisions are requirements for joint form and geometry, which are 
reproduced for convenience on the following pages. 

Prequalification is intended only to mean that sound weld metal can be depos- 
ited and fused to the base metal. Suitability of particular joints for specific applica- 
tions is not assured merely by the selection of a prequalified joint form. The design 
and detailing for successful welded construction require consideration of factors 
which include, but are not limited to, magnitude, type and distribution of forces to 
be transmitted, accessibility, restraint to weld metal contraction, thickness of con- 
nected material, effect of residual welding stresses on connected material and distor- 
tion. 

In general, all fillet welds are deemed pr ified, whether illustrated or not, 
provided they conform to requirements of the Code and the AISC ASD Speci- 
fication. 

ese prequalified joints are limited to those made by the shielded metal arc, 
ged arc, gas metal arc (except short circuiting transfer) and flux-cored arc 

welding procedures. Small deviations from dimensions, angles of grooves, and varia- 
tion in the depth of groove joints are permissible within the tolerances given. Other 
joint forms and welding procedures may be employed, provided they are tested and 
qualified in accordance with AWS D1.l-88. 

Most prequalified joints illustrated are also applicable for bridge construction. 
(See notes to Prequalified Welded Joints, immediately preceding the tables, and to 
prohibited types in Sect. 9 of AWS D1.l-88.) 

For information on the subject of highly restrained welded joints, refer to the 
article "Commentary on Highly Restrained Welded Connections," AISC Engineer- 
ing Journal, Vol. 10, No. 3, 3rd Quarter 1973, pp. 61-73. 

The designations such as -Lla, B-U2, B-P3, which are given on the following 
pages, are used in the AWS standards. Groove welds are classified using the follow- 
ing convention: 

1. Symbols for Joint Types 

-butt joint 
C -corner joint 

-T-joint 
C -butt or corner joint 

TC -T or corner joint 
BTC-butt, T or corner joint 

2. Symbols for Base Metal Thickness and 
Penetration 

L-limited thickness, complete joint penetration 
U-unlimited thickness, complete joint penetration 
P-partial joint penetration 



3. Symbols for Weld Types 

l-square groove 
2-single-V groove 
3-double-V groove 
4-single-bevel groove 
5-double-bevel groove 
6-single-U groove 
7-double-U groove 
8-single-J groove 
9-double4 groove 

10-flare-bevel groove 

4. Symbols for Welding Processes 
If not shielded metal arc (SMAW): 
S-submerged arc welding (SAW) 

G-gas metal arc welding (GMAW) 
F-flux-cored arc welding (FCAW) 

5. Symbols for Welding Positions 

6. The lower case letters, e.g., a, b, c, etc., are used to differentiate between joints 
that would otherwise have the same joint designation. 

A: Not prequalified for gas metal arc welding using short circuiting transfer. 
B: Joints welded from one side. 

Br: Bridge application limits the use of these joints to the horizontal position. 
C:  Gouge root of joint to sound metal before welding second side. 
E: Minimum effective throat E as shown in AISC Specification, Table 52.3. S as 

specified on drawings. 
J: If fillet welds are used in buildings to reinforce groove welds in corner and 

T-joints, they shall be equal to 1/4 TI but need not exceed % in. Groove welds 
in corner and T-joints in bridges shall be made with fillet welds equal to % 
TI, but not more than % in. 

52: If fillet welds are used in buildings to reinforce groove welds in corner and 
T-joints, they shall be equal to 1/4 TI, but need not exceed % in. 

L: Butt and T-joints are not prequalified for bridges. 
M: Double-groove welds may have grooves of unequal depth, but the depth of 

the shallower groove shall be no less than one-fourth of the thickness of the 
thinner part joined. 

Mp: Double-groove welds may have grooves of unequal depth, provided they 
conform to the limitations of Note E. Also, the effective throat E, less any 
reduction, applies individually to each groove. 

N: The orientation of the two members in the joints may vary from 135" to 180", 
provided the basic joint configuration (groove angle, root face, root open- 
ing) remain the same and that the design throat thickness is maintained. 
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Q: For corner and T-joints, the mem er orientation may be changed, provided 
the groove angle is maintained as specified. 

Q2: The member orientation may be changed, provided the groove dimensions 
are maintained as specified. 

R: The orientation of two members in the joint may vary from 45" to 135" for 
corner joints and from 45" to 90' for T-joints, provided the basic joint config- 
uration (groove angle, root face, root opening) remain the same and the de- 
sign throat thickness is maintained. 

V: For corner joints, the outside groove preparation may be in either or both 
members, provided the basic groove configuration is not changed and ade- 
quate edge distance is maintained to support the welding operations without 
excessive edge melting. 

Z:  Effective throat E is based on joints welded flush. 

Note: Data on welded prequalified joints are reproduced on the following pages by 
courtesy of the American Welding Society. 
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BASIC WELD SYMBOLS 

SUPPLEMENTARY WELD SYMBOLS 

BACKING For other basic and 

AWS A2.4-86 

STANDARD LOCATION OF ELEMENTS OF A WELDING SYMBOL 
F~nish symbol Groove angle or included 

angle of countersink 
Contour symbol for plug welds 

Root opening, depth \\ / Length of we'd 
of filling for plug 
and slot welds 

P~tch (c to c spacing) 
Effective throat of welds 

certain welds Field weld symbol 
Reference l~ne 

Weld all-around symbol 

or other reference 

Tail (omitted when 
reference is not use 

row COnneCtlng reference line 
Basic weld symbol arrow side member of joint 
or detail reference or arrow s~de of jo~nt 
Note: 

Size, weld symbol, length of weld and spacing must read in that order from left to right along the refer- 
ence line. Neither orientation of reference line nor location of the arrow alters this rule. 

The perpendicular leg o f b ,  v, V, If weld symbols must be at left. 

Arrow and Other Side welds are of the same size unless otherwise shown. Dimensions of fillet welds 
must be shown on both the Arrow Side and the Other Side Symbol. 

Flag of field-weld symbol shall be placed above and at right angle to reference line of Junction 
with the arrow. 

Symbols apply between abrupt changes in direction of welding unless governed by the "all around" 
symbol or otherwise dimensioned. 

These symbols do not explicitly provide for the case that frequently occurs in structural work, where 
duplicate material (such as stiffeners) occurs on the far side of a web or gusset plate. The fabricating in- 
dustry has adopted this convention: that when the billing of the detail material discloses the existence of 
a member on the far side as well as on the near side, the welding shown for the near side shall be dupli- 
cated on the far side. 



Base metal less 
than 114 thick 

Base metal 114 or 
more in thickness 

(A) (B) 

Max~rnum detailed size of fillet weld along edges 

(D) 

Skewed T-joints 

Note: (E)(,,, (El)(,, = effective throats dependent on magnitude of root opening (R,,). See AWS 3.3.1. 
Subscr~pt (n) represents 1, 2, 3 or 4. 

Angles smaller than 60 degrees are permitted; however, in such cases, the weld is considered to 
be a partial joint penetration groove weld. 

For additional requirements for skewed T-joints, see 2.3.2.4 of AWS D l  .l-88. 
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Square-groove weld (1) 
Butt joint (B) 

Welding 
Process 
SMAW 
GMAW 
FCAW 
SAW 
SAW 
P 

Square-! 
T-joint ( 
Corner j 

See notes on page preceding Prequalified Weld Joint Tables. 
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Welding 
Process 

SMAW 

GMAW 
FCAW 

SAW 
SAW 

M I- 
Metal Thickness 

See notes on page preceding Prequalified Weld Joint Tables. 



Velding 
'rocess - 
:MAW 

- 
:MAW 
T A W  

SAW 

Base Groove Preparation 
Metal Thickness 

Tolerances 
(U = unlimited) Root Opening Permitted Shielding 

Joint Root face Welding for 
Designation TI I T, Groove angle As Detailed As Fit Up Positions (FCAW) Note! 

ingle V-groove weld (2) 
:orner jomt (c) I 

Tolerances 

a = 60" 

See notes on page preceding Prequalified Weld Joint Tables. 



Nelding 
'rocess 

SMAW 

SAW 

- 
~utt joint 

R = LO +$A,-0 

f =  20 + 1 ~ ~ , - 0  

a=+1O0,-0" +lo0,-! 

Spacer 
SMAW +O +%,PO 

Base 
Metal Thickness 

SAW 1 BY%-S I U I - 

Groove Pre~aration I I 1 
Tolerances Gas 

Root Opening Permitted Shielding 
Root face Welding for 

Groove angle As Detailed As Fit Up Positions (FCAW) Note: 

Reauired 

See notes on page preceding Prequalified Weld Joint Tables. 



~ingle bevel-groove weld (4) Tolerances 

- 

Nelding 
'recess 

SMAW 
- 
GMAW 
FCAW 

SAW 

Base 
Metal Thickness 

Groove Preparation Gas 
(U = unlimited) Permitted Shielding 

Joint Root Groove Welding for 
Designation TI T2 Opening Angle Positions (FCAW) Notes 

R  = 1/4 a = 45" AII - J,Q,V 
TC-U4a U U R = %  a = 30" F.0H.H - JQV 

R =  V i e  a = 30" All Required A,J,Q,\ 

TC-U4a-GF U U R =  3/8 a = 30' F Not req. A,J,Q,\ 

R = 1/4 a = 45' All Not rea. A.J.Q.\ 

See notes on page preceding Prequalified Weld Joint Tables. 



;ingle bevel-groove weld (4) 
3utt ioint (8) I 

ack gouge 

Base Groove Preoaration I I I 
Metal Thickness 

jingle-bevel-groove weld (4) 
--joint (3 
:orner lo~nt (C) 

Tolerances 
I 

Welding for 
- 

As Detailed As Fit Up Positions (FCAW) Notes 

+%6,-0 +'/l6,-'/8 All - Br,C,N 
+%s,-0 Not limited 

No! A,Br,C, +loo,-0" +loo,-5" All ~ ~ ~ ~ ~ ~ ~ ~ , j  N 

See notes on page preceding Prequalified Weld Joint Tables. 



Iouble-bevel-groove weld (5) 
3utt joint (6) 
r-joint (T) 
:orner joint (C) 

I Tolerances 

1 As Detailed 1 As Fit Uk 

Metal Thickness 

See notes on page preceding Prequalified Weld Joint Tables. 



(U = unlimited) 

'joint (T) 
:orner joint (C) 

Groove Preparation 

Tolerances Gas 
Root Opening Permitted Shielding 

Root face Welding for 
Groove angle As Detailed As Fit Up Positions (FCAW) Notes 
R = 0 to '/8 +%a,-0 + % ~ , - ' h  
f = 0 to '/s +%e,-0 Not limited ,,, - 81. 

a = 45" +lo' +loo C.M.N 
p = o o t o i 5 .  =+P,-,. = + @ , _ , .  

R = 0 to 'h +%a,-0 +%a,-'/a 
f = 0 to '/a +'/is,-0 Not limited All Not req. A,Br,C 
" = 450 a + ~ = + 1 0 " , - 0 "  a + ~ = + 1 0 " , - 5 "  M,N 
0 = 0" to 1 5 "  

See notes on page preceding Prequalified Weld Joint Tables. 



on page preceding Prequalified Weld Joint Tables. 



Welding 
Process 

SMAW 
- 
GMAW 
FCAW - 
See notes on page preceding Prequalified Weld Joint Tables. 





ial- 

Base Groove Preparation 
Metal Th~ckness Tolerances 

3 TT E, + E2 Must not exceed - 
4 

iingle-V-groove weld (2) 
lutt joint (B) 
:orner ioint (C) 

Base 
Metal Th~ckness 

See notes on page preceding Prequalified Weld Joint Tables. 

SFit-up tolerance, SAW: See AWS 3.3.2; for rolled shape R may be %6 in. in thick plates if backing is provided. 



Double V- roove weld (3) 
~ u t t  joint j$) I 

Welding 
Process 

SMAW 

GMAW 
FCAW 

SAW 

- 

Joint 
Designation 

1 
$Fit-up tolerance, SAW: See AWS 3.3.2; for rolled shapes R may be %e inches in thick plates if backing is provided 

See notes on page preceding Prequalifed Weld Joint Tables. 



Single-bevel-groove weld (4) 
Butt joint (8) 
T-joint (T) 
Corner ioint (C) 

Note V 

Groove Preparation 

Tolerances 
Base 

Metal Th~ckness 

Root Opening 
Root face 

Groove angle i As Detailed As Fit Up 

Permitted Effective 
We!ding Throat 
Pos~t~ons / (E) 1 Notes 

(U = unlimited) T-p- Welding 
Process 

Joint 
Designation 

R = O  +%e,-0 +I/s,-%s 
f = 1/6 min unlimited 21/16 

a = 45" +loo,-0" +loo,-5" 
SMAW 

R =  0 +%a,-0 +%,-'/I6 
f = min unlimited +'/re 
a = 45" +loo,-0" +lo",-5" 

GMAW 
FCAW l/4 min / U 

SAW - 
SFit-up tolerance, SAW: See AWS 3.3.2; for rolled shapes, R may be 5/16 inches in thick plates if backing is provided 

Double-bevel-groove weld (5) 
Butt joint (8) 
T-joint (T) 
Corner joint (C) 

Note V 

Groove Preparation I 7 Base 
Metal Th~ckness 

Note: 

Root Opening 
Root face 

Groove anale 1 1 (U ;uniimF; 
Welding Joint 
Process Designation . . 

+'/Is,-0 +%,-%6 
unlimited kl/Is 1 All c s 1 p  :i2 
+104-0" +lo'',-5" Q2.V 

R = O  
f = '/e min 
a = 45" 

SMAW 1 BTC-P5 I 5/16 min I U 

R =  0 
f = '/a min 
a = 45" 

/ BTC-P5GF / % rnin / U 

R = O  
f = 1h min SAW 1 TC-P5-S 1 Oa min I U 

5 0  
unlimited 

SFit-up tolerance, SAW: See AWS 3.3.2; for rolled shapes, R may be 5/16 inches in thick plates if backing is provided 

See notes on page preceding Prequalified Weld Joint Tables. 



~gle-U-groove weld (6) 
utt joint (0) 
orner ioint fC) 

f = 1/32 min SMAW / BC-P6 I l/4 min I U I = 
a = 45" 

Base Groove Preoaration I I I 
Metal Thickness 

Root Opening 
(U = unlimited) Groove face 

- 
Velding Joint - Groove radius 
'rocess Designation T, T2 Groove angle 

I R =  0 

Tolerances 
Permitted Effective 
Welding Throat 

As Detailed As Fit Up Positions (E) Notes 

+%a,-0 +%,-'As 
unlimited f%e 
+'A%,-0 f 'he All S B,E,Q: 
+lo;-0- + I O ~ , - ~ ~  
+'As,-0 +lh,-l/le 
unlimited f%s 
+l/4,-0 f1h6 All 
+1c-0" +lo:-5" 
*o +'As,-o* 
unlimited i r l h  
+1/4,-0 2%6 F S B,E,Q; 
+lo:-0" +lo''.-5" 

Fit-up tolerance, SAW: See AWS 3.3.2; for rolled shapes, R may be 5/16 inches in thick plates if backing is provided. 

ouble-V- roove weld (7) 
utt joint b) 1 

Fit-up tolerance, SAW: See AWS 3.2.2; for rolled shapes, R may be %s inches in thick plates if backing is provided 

See notes on page preceding Prequalified Weld Joint Tables. 



Effective 
Throat 

(El 1 Notes 

'Applies to inside corner joints. 
'"Applies to outside corner joints + Fit-up tolerance, SAW. See AWS 3.3.2; for rolled shapes R may be 9h6 in, in thick plates if backing is provided. 
See notes on page preceding Prequalified Welded Joint Tables. 

Effective 
Throat 



'lare-bevel-groove weld (10) 
3utt joint (8) 
r-joint (T) 
;orner joint (C) 

Base Groove Preparation 
Metal Thickness 
(U = unlimited) Root Opening Tolerances I 

Welding Joint Root face 
Process Designation TI T, T, Bend Radius* As Detailed As Fit Up 

SMAw I BTc-Plo I I  3/16 min u 

SAW 1 T-PIO-S I Yz min / & 

R = O  +%6,-0 +'/8,-%6 
f = 34% min Not Limited +U,-%s 

T1 min C = 3 Tl min -0, +Not -0, +Not / 2 1 Limited i Limited - - - .  

f7= 0 *o +%6,-0 
N,A f = % min Not Limited +U,-%s 

C = 3 Tl min -0, +Not 

For cold formed (A500) rectangular tubes, C dimension is not limited (see AWS commentary). 



The following table gives the generally accepted minimum inside radii of bends in 
terms of thickness t for various steels listed. Values are for bend lines transverse to the 
direction of final rolling. When bend lines are parallel to the direction of final rolling, 
the values may have to be approximately doubled. When bend lines are longer than 36 
in., all radii may have to be increased if problems in bending are encountered. 

efore bending, special attention should be paid to the condition of plate edges 
transverse to the bend lines. Flame-cut edges of hardenable steels should be machined 
or softened by heat treatment. Nicks should be ground out. Sharp corners should be 
rounded. 

ASTM Designation Over Over Over Over 
Up to 'h lh to l/2 % to 1 1 to 1 '/2 1 % to 2 

is recommended that steel in this thickness range be bent hot. Hot bending, however, may 
result in a decrease in the as-rolled mechanical properties. 

bThe mechanical properties of A852 and ASTM A514 steel results from a quench-and- 
temper operation. Hot bending may adversely affect these mechanical properties. If neces- 
sary to hot-bend, fabricator should discuss procedure with the steel supplier. 

Thickness may be restricted because of columbium content. Consult supplier. 



Maximum efficiency in the fabrication of structural steel by modern shops is entirely 
dependent upon close cooperation between designing office, drafting room and 
shop. Designs should be favorable to, the drafting room should recognize and call 
for, and the shop should adapt its equipment to, the use of recurrent details which 
have been standardized. 

Consideration should be given to duplication of details and multiple punching or 
drilling. Utilization of standard jigs and machine set-ups eliminates unnecessary han- 
dling of material and facilitates the drilling or punching of holes. Gage lines should 
conform to standard machine set ups. Once determined, they should be duplicated 
as far as possible throughout any one job. Gages and hole sizes on an individual 
member should not be varied throughout the length of that member. 

Keep gages and longitudinal spacing alike to permit maximum economy in ei- 
ther drilling or punching operations. Longitudinal spacing should preferably be 3 in., 
or multiples of 3 in., since most shops consider this to be standard. 

Note l=/:Cut not chip" 

N o t e  ~ / ~ u t  and ctupT1 

Note 1 Preferred 
Note 2 Use ~f surface C 
must be flush w ~ t h  web 

All re-entrant corners shall be shaped, notch-free, to a radius. 
The above sketches indicate standard methods of providing clearance for beams 

connecting to beams or columns. Where possible, a minimum clearance of % in. is 
to be provided. Fabricators may vary in designation and dimensions of copes and 
blocks. Some fabricators designate all of the operations pictured above by the term 
"cuts." Note recommended cutting practice in sketch below. 

second cut 

AVOID RECOMMENDED 

For economy, coping or blocking of beams should be avoided if possible. When con- 
struction will permit, the elevation of the top of filler beams should be established a 
sufficient distance below the top of girders to clear the girder fillet. Unusually long 
or deep copes and blocks, or blocks in beams with thin webs, may materially affect 
the capacity of the beam. Such beams must be investigated for both shear and mo- 
ment at lines A and B and, when necessary, adequate reinforcement provided. 
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5 - 2 

This table provides a cross-reference of the 1989 Specification for Structural Steel 
Buildings-Allowable Stress Design and Plastic Design alphanumeric section desig- 
nations and their headings, to the 1978 Specification section numbers. A "-" indi- 
cates there was no specific section in the 1978 Specification corresponding to that 
1989 Specification section. 

-- 

1989 Spec. 

Scope 

Limits of Applicability 
Structural Steel Defined 
Types of Construction 

Material 
Structural Steel 

ASTM designations 
Unidentified steel 
Heavy shapes 

Steel Castings and Forgings 
Rivets 
Bolts, Washers and Nuts 
Anchor Bolts and Threaded Rods 
Filler Metal and Flux for Welding 
Stud Shear Connectors 

Loads and Forces 
Dead Load and Live Load 
Impact 
Crane Runway Horizontal Forces 
Wind 
Other Forces 

Design Basis 
Allowable Stresses 
Wind and Seismic Stresses 
Structural Analysis 
Design for Serviceability and 

other Considerations 

Referenced Codes and Standards 

Design Documents 
Plans 
Standard Symbols and Nomenclature 
Notation for Welding 

1978 Spec. 

- 

1.2 

1.4 

1.4.1.1 
1.4.1.2 
new 
1.4.2, 1.5.4 
1.4.3 
1.4.4 
- 

1.4.5 
1.4.6 

1.3.7 
1.3.112 
1.3.3 
1.3.4 
1.3.5 
1.3.6 

IS* 
1.5.6 
- 

- 

1.1.1 
1.1.4* 
1.1.3 

* first paragraph only 
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1989 Spec. 

Chapter B DESIGN 

B 1 Gross Area 

B2 Net Area 

Effective Net Area 

Stability 

Local Buckling 
Classification of Steel Sections 
Slender Compression Elements 

Rotational Restraint at Points 
of Support 

Limiting Slenderness Ratios 

Simple Spans 

End Restraint 

Proportions of Beams and Girders 

Proportioning of Crane Girders 

C1 General 

C2 Frame Stability 
C2.1 Braced Frames 
C2.2 Unbraced Frames 

Chapter D TENS10 

D l  Allowable Stress 

D2 Built-up Members 

D3 Pin-Connected Members 
D3.1 Allowable Stress 
D3.2 Pin-connected Plates 

1 D3.3 Eyebars 

* except net 
** except gross 

*** except first two paragraphs 

1978 Spec. 

+ first paragraph only 
+ + except last paragraph 

+ + + last paragraph only 
+ + + + first two paragraphs only 



1989 Spec. 

er 

El Effective Length and Slenderness 
Ratio 

E2 Allowable Stress 

E3 Flexural-torsional Buckling 

E4 Built-up Members 

E5 Pin-connected Compression Members 

E6 Column Web Shear 

F1 Allowable Stress: Strong Axis 
Bending of I-Shaped Members 
and Channels 

F1.l Members with Compact Sections 
F1.2 Members with Noncompact Sections 
F1.3 Members with Compact or Noncompact 

Sections with Unbraced Length 
Greater than LC 

F2 Allowable Stress: Weak Axis Bending 
of I-Shaped Members, Solid Bars 
and Rectangular Plates 

F2.1 Members with Compact Sections 
F2.2 Members with Noncompact Sections 

F3 Allowable Stress: Bending of 
Members, Rectangular Tubes and 
Circular Tubes 

F3.1 embers with Compact Sections 
F3.2 embers with Noncompact Sections 

F4 Allowable Shear Stress 

F5 Transverse Stiffeners 

F6 Built-up Members 

F7 Web-tapered Members 

61 Web Slenderness Limitations 

* except last paragraph 
+* last paragraph only 

*"* first paragraph and Item 6 .  only 

1978 Spec. 

1.5.1.4.1***/3** 
1.5.1.4.4 

1.5.1.2.1, 
1.10.5.2+ 

1.10.5.3* 

1.18.1 

Appendix 14 

+ first paragraph only 
+ + second paragraph only 

+ + + first and last paragraph only 
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- - 

1989 Spec. 

6 2  

G3 

6 4  

6 5  

Chapter 

H1 

H2 

I1 

I2 

I3 

I4 

I5 

15.1 
15.2 

15.3 

I6 

J1 
J1.l 
J1.2 
51.3 
51.4 

J1.5 

J1.6 
51.7 
J1.8 
J1.9 

51.10 

Allowable Bending Stress 

Allowable Shear Stress with 
Tension Field Action 

Transverse Stiffeners 

Combined Shear and Tension Stress 

Axial Compression and Bending 

Axial Tension and Bending 

Definition 

Design Assumptions 

End Shear 

Shear Connectors 

Composite Beams or Girders with 
Formed Steel Deck 
General 
Deck Ribs Oriented Perpendicular 

to Steel Beam or Girder 
Deck Ribs Oriented Parallel to 

Steel Beam or Girder 

Special Cases 

General Provisions 
Design Basis 
Simple Connections 
Moment Connections 
Compression Members with 

Bearing Joints 
Connections of Tension and 

Compression Members in Trusses 
Minimum Connections 
Splices in Heavy Sections 
Beam Copes and Weld Access Holes 
Placement of Welds, 

Rivets 
Bolts in Combination with Welds 

1978 Spec. - 

1.10.6 

1.10.5.2** 

1.10.5.3*/4 

1.10.7 

1.6 

1.6.1 

1.6.2 

1.11 

1.11.1 

1.11.2 

1.11.3 

1.11.4 

1.11.5 

1.11.5.1 
1.11.5.2 

1.11.5.3 

1.11.6 

1.15 
- 
- 

1.15.4 
1.15.5.1 
1.15.8 

1.15.7 

1.15.1 
new 
new 
1.15.3 

1.15.10 

* last paragraph only 
** first paragraph only 



1989 Spec. 

Critical Connections in 
Combination with Rivets 

Limitations on Bolted and 
Welded Connections 

Welds 
Groove Welds 

Effective Area 
Limitations 

Fillet Welds 
Effective Area 
Limitations 

Plug and Slot Welds 
Effective Area 
Limitations 

Allowable Stresses 
Combination of Welds 
Mixed Weld Metal 
Preheat for Heavy Shapes 

Bolts, Threaded Parts and Rivets 
High-strength Bolts 
Size and Use of Holes 

Effective Bearing Area 
Allowable Tension and Shear 
Combined Tension and Shear 

in Bearing-type Connections 
Combined Tension and Shear in 

Slip-critical Joints 
Allowable Bearing at Bolt Holes 
Minimum Spacing 
Minimum Edge Distance 
Maximum Edge Distance & Spacing 
Long Grips 

Allowable Shear Rupture 

1948 Spec. 

1.15.11 

1.15.12 

1.17.1 
- 

1.14.6.1 
1.17.2* 
- 

1.14.6.2 
1.17.2** 
1.17.3 
1.17.4 
1.17.5 
1.17.6 
1.17.7 
1.17.8 
- 

1.14.6.3 
1.17.9 
1.5.3 
1.15.9 
new 
new 

1.16 
1.16.1 
1.23.4.1/2+/ 

31415 
1.16.2 
1.5.2.112 
1.6.3+ + + 

1.6.3++ 

1.5.1.5.3 
1.16.4 
1.16.5 
1.16.6 
1.16.3 

1.5.1.2.2 

* excluding fillet weld references 
* *  excluding groove weld references 
+ first paragraph only 

+ + last paragraph only 
+ + + except last paragraph 



1989 Spec. 

J5 Connecting Elements 
J5.1 Eccentric Connections 
55.2 Allowable Shear Rupture 

56 Fillers 

57 Splices 

1978 Spec. 

Allowable Bearing Stress 1 1.5.1.5.112 

J9 Column Bases and 
Masonry and Concrete 

I Jl0 Anchor Bolts 1 1.22 

Chapter K SPECIAL 

Webs and Flanges Under 
Concentrated Forces 
Design Basis 
Local Flange Bending 
Local Web Yielding 
Web Crippling 
Sidesway Web Buckling 
Compression Buckling of the Web 
Compression Members with Web 

Panels Subject to High Shear 
Stiffener Requirements for 

Concentrated Loads 

K2 Ponding 

K3 Torsion 

K4 Fatigue 

I L1 Camber 1 1.19 

I L2 Expansion and Contraction 1 1.20 

L3 Deflection, Vibration and Drift 
E3.1 Deflection 
L3.2 Vibration 

I L4 Connection Slip I - 
L5 Corrosion I - 

pter M FABRlCATlO 



Fabrication 
Cambering, Curving and 

Straightening 
Thermal Cutting 
Planing of Edges 
Welded Construction 
High-strength Bolted 

Construction-Assembly 
Compression Joints 
Dimensional Tolerances 
Finishing of Column Bases 

Shop Painting 
General Requirements 
Inaccessible Surfaces 
Contact Surfaces 
Finished Surfaces 
Surfaces Adjacent to Field Welds 

Erection 
Alignment of Column Bases 
Bracing 
Alignment 
Fit of Column Compression Joints 
Field Welding 
Field Painting 
Field Connections 

Quality Control 
Cooperation 
Rejections 
Inspection of Welding 
Inspection of Slip-critical, 

High-strength Bolted Connections 
Identification of Steel 

SIC 

N1 Scope 

N2 Structural Steel 

N3 Basis for Maximum Strength 
Determination 

N3.1 Stability of Braced Frames 
N3.2 Stability of Unbraced Frames 

N4 Columns 

+ last paragraph 

1948 Spec. 

Part 2 

+ + except last paragraph 
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1989 Spec. 

Shear 
Web Crippling 
Minimum 'Thickness 

(Width-Thickness Ratios) 
Connections 
Lateral Bracing 
Fabrication 

Local Buckling 

Web-tapered Members 

Fatigue 

1978 Spec. 

* first paragraph only 
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The AISC Specijication for Structural Steel Buildings-Allowable Stress Design (ASD) 
and Plastic Design has evolved through numerous versions from the 1st Edition, 
published June 1, 1923. Each succeeding edition has been based upon past success- 
ful usage, advances in the state of knowledge and changes in design practice. The data 
included has been developed to provide a uniform practice in the design of steel- 
framed buildings. The intention of the Specification is to provide design criteria for 
routine use and not to cover infrequently encountered problems which occur in the 
full range of structural design. 

The AISC Specification is the result of the deliberations of a committee of structural 
engineers with wide experience and high professional standing, representing a wide 
geographical distribution throughout the U. S. The committee includes approxi- 
mately equal numbers of engineers in private practice, engineers involved in re- 
search and teaching and engineers employed by steel fabricating companies. 

To avoid reference to proprietary steels, which may have limited availability, only 
those steels which can be identified by ASTM specifications are listed as approved 
under this Specification. However, some steels covered by ASTM specifications, but 
subject to more costly manufacturing and inspection techniques than deemed essen- 
tial for structures covered by this Specification, are not listed, even though they may 
provide all of the necessary characteristics of less expensive steels which are listed. 
Approval of such steels is left to the owner's representative. 

The Appendices to this Specification are an integral part of the Specification. 

A Commentary has been included to provide background for these and other 
provisions. 

This edition of the Specification has been developed primarily upon the basis of the 
criteria in the Specification dated November 1, 1978. That Specification, as well as 
earlier editions, was arranged essentially on the basis of type of stress with special 
or supplementary requirements for different kinds of members and details contained 
in succeeding sections. The provisions of the 1978 Specification have been reorga- 
nized using decision table logic techniques to provide an allowable stress design spec- 
ification that is more logically arranged on the basis of type of member. 

This arrangement is more convenient to the user because general design require- 
ments are presented first, followed by chapters containing the information required 
to design members of each type. This organization is consistent with that used in the 
Load and Resistance Factor Design Specification for Structural Steel Buildings. 

The principal changes incorporated in this edition of the Specification include: 

Reorganization of provisions to be consistent with LRFD format. 
New provisions for built-up compression members. 

* New provisions for the design of webs under concentrated forces. 
Updated provisions for slender web girders. 
Updated provisions for design for fatigue. 
Recommendations for the use of heavy rolled shapes and welded members 
made up of thick plates. 



The reader is cautioned that independent professional judgment must be exercised 
when data or recommendations set forth in this Specification are applied. The publi- 
cation of the material contained herein is not intended as a representation or war- 
ranty on the part of the American Institute of Steel Construction, Inc.-or any other 
person named herein-that this information is suitable for general or particular use, 
or freedom from infringement of any patent or patents. Anyone making use of this 
information assumes all liability arising from such use. The design of structures is 
within the scope of expertise of a competent licensed structural engineer, architect, 
or other licensed professional for the application of principles to a particular struc- 
ture. 

By the Committee, 

A. P. Arndt, Chairman 
E. W. Miller, 

Vice Chairman 
Horatio Allison 
Lynn S. Beedle 
Reidar Bjorhovde 
Omer W. Blodgett 
Roger L. Brockenbrough 
John H. Busch 
Wai-Fah Chen 
Duane S. Ellifritt 
Bruce Ellingwood 
Shu-Jin Fang 
Steven J. Fenves 
Richard F. Ferguson 
James M. Fisher 
John W. Fisher 
Theodore V. Gaiambos 
Geerhard Haaijer 
Mark V. Holland 

Jerome S. B. Iffland 

A. L. Johnson 
Donald L. Johnson 
L. A. Kloiber 
William J. LeMessurier 
Stanley D. Lindsey 
Richard W. Marshall 
William McGuire 
William A. Milek 
Walter P. Moore 
William E. Moore, 11 
Thomas M. Murray 
Clarkson W. Pinkham 
Egor P. Popov 
Donald R. Sherman 
Frank Sowokinos 
Sophus A. Thompson 
William A. Thornton 
Raymond H. R. Tide 
Ivan M. Viest 
Lyle L. Wilson 
Joseph A. Yura 
Charles Peshek, Secretary 
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A l .  Scope 

A2. Limits of Applicability 

1. Structural Steel Defined 
2. Types of Construction 

A3. Material 

1. Structural Steel 
2. Steel Castings and Forgings 
3. Rivets 
4. Bolts, Washers and Nuts 
5. Anchor Bolts and Threaded Rods 
6. Filler Metal and Flux for Welding 
7. Stud Shear Connectors 

A4. Loads and Forces 

1. Dead Load and Live Load 
2. Impact 
3. Crane Runway Horizontal Forces 
4. Wind 
5. Other Forces 

A5. Design Basis 

1. Allowable Stresses 
2. Wind and Seismic Stresses 
3. Structural Analysis 
4. Design for Serviceability and Other Considerations 

A6. Referenced Codes and Standards 

A7. Design Documents 

1. Plans 
2. Standard Symbols and Nomenclature 
3. Notation for Welding 

B1. Gross Area 

B2. Net Area 

B3. Effective Net Area 

B4. Stability 

B5. Local Buckling 

1. Classification of Steel Sections 
2. Slender Compression Elements 



B6. Rotational Restraint at Points of Support 

B7. Limiting Slenderness Ratios 

B8. Simple Spans 

B9. End Restraint 

B10. Proportions of Beams and Girders 

B11. Proportioning of Crane Girders 

C. FRAMES AND 

Cl .  General 

C2. Frame Stability 

1. Braced Frames 
2, Unbraced Frames 

Dl .  Allowable Stress 

D2. Built-up Members 

D3. Pin-connected Members 

1. Allowable Stress 
2. Pin-connected Plates 
3. Eyebars 

E l .  Effective Length and Slenderness Ratio 

E2. Allowable Stress 

E3. Flexural-torsional Buckling 

E4. Built-up Members 

E5. Pin-connected Compression Members 

E6. Column Web Shear 

5-45 

F1. Allowable Stress: Strong Axis Bending of 
I-Shaped Members and Channels 5-45 

1. Members with Compact Sections 5-45 
2. Members with Noncompact Sections 5-46 
3. Members with Compact or Noncompact Sections with Unbraced 5-46 

Length Greater than LC 

F2. Allowable Stress: Weak Axis Bending of I-Shaped Members, 5-48 
Solid Bars and Rectangular Plates 

1. Members with Compact Sections 5-48 
2. Members with Noncompact Sections 5-48 



5 - 16 

F3. Allowable Stress: Bending of Box Members, 
Rectangular Tubes and Circular Tubes 

1. Members with Compact Sections 
2. Members with Noncompact Sections 

F4. Allowable Shear Stress 

F5. Transverse Stiffeners 

F6. Built-up Members 

F7. Web-tapered Members 

G1. Web Slenderness Limitations 

G2. Allowable Bending Stress 

G3. Allowable Shear Stress with Tension Field Action 

G4. Transverse Stiffeners 

G5. Combined Shear and Tension Stress 

. COMBINED STRESSES 

HI.  Axial Compression and Bending 

H2. Axial Tension and Bending 

I. COMPOSITE C 

11. Definition 

12. Design Assumptions 

13. End Shear 

14. Shear Connectors 

15. Composite Beams or Girders with Formed Steel Deck 

1. General 
2. Deck Ribs Oriented Perpendicular to Steel Beam or Girder 
3. Deck Ribs Oriented Parallel to Steel Beam or Girder 

16. Special Cases 

J1. General Provisions 

1. Design Basis 
2. Simple Connections 
3. Moment Connections 
4. Compression Members with Bearing Joints 
5. Connections of Tension and Compression Members in Trusses 5-62 
6. Minimum Connections 5-63 
7. Splices in Heavy Sections 5-63 
8. Beam Copes and Weld Access Holes 5-63 

AMERICAN INSTITUTE OF STEEL CONS~UCTION 



9. Placement of Welds, Bolts and Rivets 
10. Bolts in Combination with Welds 
11. High-strength Bolts in Slip-critical Connections 

in Combination with Rivets 
12. Limitations on Bolted and Welded Connections 

J2. Welds 

1. Groove Welds 
2. Fillet Welds 
3. Plug and Slot Welds 
4. Allowable Stresses 
5.  Combination of Welds 
6. Mixed Weld Metal 
7. Preheat for Heavy Shapes 

J3. Bolts, Threaded Parts and Rivets 

1. High-strength Bolts 
2. Size and Use of Holes 
3. Effective Bearing Area 
4. Allowable Tension and Shear 
5.  Combined Tension and Shear in Bearing-type Connections 
6.  Combined Tension and Shear in Slip-critical Joints 
7. Allowable Bearing at Bolt Holes 
8. Minimum Spacing 
9. Minimum Edge Distance 

10. Maximum Edge Distance and Spacing 
11. Long Grips 

J4. Allowable Shear Rupture 

J5. Connecting Elements 

1. Eccentric Connections 
2. Allowable Shear Rupture 

J6. Fillers 

J7. Splices 

J8. Allowable Bearing Stress 

J9. Column Bases and Bearing on Masonry and Concrete 

J10. Anchor Bolts 

K1. Webs and Flanges Under Concentrated Forces 

1. Design Basis 
2. Local Flange Bending 
3. Local Web Yielding 
4. Web Crippling 
5.  Sidesway Web Buckling 
6. Compression Buckling of the Web 
7. Compression Members with Web Panels Subject to High Shear 
8. Stiffener Requirements for Concentrated Loads 



K2. Ponding 

K3. Torsion 

K4. Fatigue 

L1. Camber 

L2. Expansion and Contraction 

L3. Deflection, Vibration and Drift 

1. Deflection 
2. Vibration 

L4. Connection Slip (see Sect. J3) 

L5. Corrosion 

MI.  Shop Drawings 

M2. Fabrication 

1. Cambering, Curving and Straightening 
2. Thermal Cutting 
3. Planing of Edges 
4. Welded Construction 
5. High-strength Bolted Construction-Assembly 
6. Compression Joints 
7. Dimensional Tolerances 
8. Finishing of Column Bases 

M3. Shop Painting 

1. General Requirements 
2. Inaccessible Surfaces 
3. Contact Surfaces 
4. Finished Surfaces 
5. Surfaces Adjacent to Field Welds 

M4. Erection 

1. Alignment of Column Bases 
2. Bracing 
3. Alignment 
4. Fit of Column Compression Joints 
5. Field Welding 
6. Field Painting 
7. Field Connections 

M5. Quality Control 

1. Cooperation 
2. Rejections 
3. Inspection of Welding 
4. Inspection of Slip-critical, Iligh-strength Bolted Connections 
5. Identification of Steel 



N1. Scope 

N2. Structural Steel 

N3. Basis for Maximum Strength Determination 

1. Stability of Braced Frames 
2. Stability of Unbraced Frames 

N4. Columns 

N5. Shear 

N6. Web Crippling 

N7. Minimum Thickness (Width-thickness Ratios) 

N8. Connections 

N9. Lateral Bracing 

N10. Fabrication 

85. Local Buckling 

2. Slender Compression Elements 

F. BEAMS AND OTHE 

F7. Web-tapered Members 

1. General Requirements 
2. Allowable Tensile Stress 
3. Allowable Compressive Stress 
4. Allowable Flexural Stress 
5. Allowable Shear 
6. Combined Flexure and Axial Force 

K. STRENGTH DESlG 

K4. Fatigue 

1. Loading Conditions; Type and Location of Material 
2. Allowable Stress Range 
3. Tensile Fatigue 



A2. Limits of Applicability 
2. Types of Construction 

A3. Material 

1. Structural Steel 
4. Bolts, Washers and Nuts 
6. Filler Metal and Flux for Welding 

A 4  Loads and Forces 
2. Impact 
3. Crane Runway Horizontal Forces 

A5. Design Basis 

1. Allowable Stresses 

53. Effective Net Area 

84. Stability 

85. Local Buckling 

56. Rotational Restraint at Points of Support 

B7. Limiting Slenderness Ratios 

51 0. Proportions of Beams and Girders 

FRAMES 

62. Frame Stability 

D l .  Allowable Stress 

D3. Pin-c~nnected Members 

E l .  Effective Length and Slenderness Ratio 

E2. Allowable Stress 

E3. Flexural-torsional Buckling 

E4. Built-up Members 

E6. Column Web Shear 
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F1. Allowable Stress: Strong Axis Bending of 1-shaped Members 
and Channels 

1. Members with Compact Sections 
2. Members with Noncompact Sections 
3. Members with Compact or Noncompact Sections 

with Unbraced Length Greater than LC 

F2. Allowable Stress: Weak Axis Bending of 1-shaped Members, 
Solid Bars and Rectangular Plates 

F3. Allowable Stress: Bending of Box Members, 
Rectangular Tubes and Circular Tubes 

F4. Allowable Shear Stress 

F5. Transverse Stiffeners 

G1. Web Slenderness Limitations 

G2. Allowable Bending Stress 

63. Allowable Shear Stress with Tension Field Action 

G4. Transverse Stiffeners 

G5. Combined Shear and Tension Stress 

HI. Axial Compression and Bending 

H2. Axial Tension and Bending 

11. Definition 

12. Design Assumptions 

14. Shear Connectors 

15. Composite Beams or Girders with Formed Steel Deck 

J1. General Provisions 
7. Splices in Heavy Sections 
9. Placement of Welds, Bolts and Rivets 

olts in Combination with Welds 

J2. Welds 

4. Allowable Stresses 
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olts, Threaded Parts an 

4. Allowable Tension and Shear 
5. Combined Tension and Shear in earing-type Connections 
6. Combined Tension and Shear in Slip-critical Joints 
7. Allowable Bearing at Bolt Holes 
8. Minimum Spacing 
9. Minimum Edge Distance 

10. Maximum Edge Distance and Spacing 
11. Long Grips 

J4. Allowable Shear Rupture 

J6. Fillers 

J8. Allowable Bearing Stress 

J9. Column Bases and Beat'ing on Masonry and Concrete 

J10. Anchor Bolts 

K1. Webs and Flanges Under Concentrated Forces 

1. Design Basis 
3. Local Web Yielding 
4. Web Crippling 
5. Sidesway Web Buckling 

K2. Ponding 

K3. Torsion 

K4. Fatigue 

L1. Camber 

L2. Expansion and Contraction 

L3. Deflection, Vibration and Drift 

1. Deflection 
2. Vibration 

L5. Corrosion 

M2. Fabrication 

2. Thermal Cutting 
5. High-strength Bolted Construction-Assembly 

M3. Shop Painting 

M4. Erection 

4. Fit of Column Compression Joints 



. PLASTIC DESlG 

N1. Scope 

N2. Structural Steel 

N3. Basis for Maximum Strength Determination 

1. Stability of Braced Frames 

N4. Columns 

N5. Shear 

N6. Web Crippling 

N7. Minimum Thickness (Width-thickness Ratios) 

N8. Connections 

N9. Lateral Bracing 

B. DESIGN REQUIREME 

B5. Local Buckling 

2. Slender Compression Elements 

F7. Web-tapered Members 

3. Allowable Compressive Stress 
4. Allowable Flexural Stress 

LIST OF REFERENCES 

GLOSSARY 



The Specification for Structural Steel Buildings-Allowable Stress Design and 
Plastic Design is intended as an alternate to the currently approved Load and 
Resistance Factor Design Spec@cation for Structural Steel Buildings of the 
American Institute of Steel Construction., Inc. 

As used in this Specification, the term structural steel refers to the steel ele- 
ments of the structural steel frame essential to the support of the design loads. 
Such elements are generally enumerated in Sect. 2.1 of the AISC Code of Stan- 
dard Practice for Steel Buildings and Bridges. For the design of cold-formed 
steel structural members, whose profiles contain rounded corners and slender 
flat elements, the provisions of the American Iron and Steel Institute Specifica- 
tion for the Design of Cold-formed Steel Structural Members are recommended. 

2. Types of Const 

Three basic types of construction and associated design assumptions are per- 
missible under the respective conditions stated herein, and each will govern in 
a specific manner the size of members and the types and strength of their con- 
nections: 

Type 1, commonly designated as "rigid-frame" (continuous frame), as- 
sumes that beam-to-column connections have sufficient rigidity to 
hold virtually unchanged the original angles between intersecting 
members. 

Type 2, commonly designated as "simple framing" (unrestrained, free- 
ended), assumes that, insofar as gravity loading is concerned, ends of 
beams and girders are connected for shear only and are free to rotate 
under gravity load. 

Type 3, commonly designated as "semi-rigid framing" (partially re- 
strained), assumes that the connections of beams and girders possess 
a dependable and known moment capacity intermediate in degree be- 
tween the rigidity of Type 1 and the flexibility of Type 2. 

The design of all connections shall be consistent with the assumptions as to 
type of construction called for on the design drawings. 

Type 1 construction is unconditionally permitted under this Specification. Two 
different methods of design are recognized. thin the limitations laid down in 
Sect. N1, members of continuous frames or continuous portions of frames may 
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be proportioned, on the basis of their maximum predictable strength, to resist 
the specified design loads multiplied by the prescribed load factors. Otherwise, 
Type 1 construction shall be designed, within the limitations of Chapters A 
through M, to resist the stresses produced by the specified design loads, assum- 
ing moment distribution in accordance with the elastic theory. 

Type 2 construction is permitted under this Specification, subject to the stipula- 
tions of the following paragraph, wherever applicable. 

In buildings designed as Type 2 construction (i.e., with beam-to-column con- 
nections other than wind connections assumed flexible under gravity loading) 
the wind moments may be distributed among selected joints of the frame, 
provided: 

1. Connections and connected members have adequ~te capacity to resist 
wind moments. 

2. Girders are adequate to carry full gravity load as "simple beams." 
3. Connections have adequate inelastic rotation capacity to avoid 

overstress of the fasteners or welds under combined gravity and wind 
loading. 

Type 3 (semi-rigid) construction is permitted upon evidence the connections to 
be used are capable of furnishing, as a minimum, a predictable proportion of 
full end restraint. The proportioning of main members joined by such connec- 
tions shall be predicated upon no greater degree of end restraint than this mini- 
mum. 

Types 2 and 3 construction may necessitate some nonelastic, but self- limiting, 
deformation of a structural steel part. 

A3. MATERIAL 

Material conforming to one of the following standard specifications is approved 
for use under this Specification: 

Structural Steel, ASTM A36 
Pipe, Steel, Black and ot-dipped, Zinc-coated Welded and Seamless 

Steel Pipe, ASTM A53, Gr. B 
High-strength Low-alloy Structural Steel, ASTM A242 
High-strength Low-alloy Structural Manganese Vanadium Steel, ASTM 

A441 
Cold-formed Welded and Seamless Carbon Steel Structural Tubing in 

Rounds and Shapes, ASTM A500 
Hot-formed Welded and Seamless Carbon Steel Structural Tubing, 

ASTM A501 
High-yield Strength, Quenched and Tempered Alloy-Steel Plate, Suitable 

for Welding, ASTM A 
Structural Steel with 42 ksi imum Yield Point, AS 
Steel, Sheet and Strip, Carbon, Not-rolled, Structural Quality, ASTM 

A570 Gr. 40, 45 and 50 



igh-strength, Low-alloy Columbium-Vanadium Steels of Structural 
Quality, ASTM A572 

High-strength Low-alloy Structural Steel with 50 ksi Minimum Yield Point 
to 4-in. Thick, ASTM A588 

Steel, Sheet and Strip, High-strength, Low-alloy, Hot-rolled and Cold- 
rolled, with Improved Atmospheric Corrosion Resistance, ASTM 
A606 

Steel, Sheet and Strip, High-strength, Low-alloy, Columbium or Vana- 
dium, or both, Hot-rolled and -rolled, ASTM A607 

Hot-formed Welded and Seamless gh-strength Low-alloy Structural 
Tubing, ASTM A618 

Structural Steel for Bridges, ASTM A709 
Quenched and Tempered Low-alloy Structural Steel Plate with 70 ksi 

Minimum Yield Strength to 4 in. thick, ASTM A852 

Certified mill test reports or certified reports of tests made by the fabricator or 
a testing laboratory in accordance with ASTM A6 or A568, as applicable, and 
the governing specification shall constitute sufficient evidence of conformity 
with one of the above ASTM standards. Additionally, the fabricator shall, if 
requested, provide an affidavit stating the structural steel furnished meets the 
requirements of the grade specified. 

Unidentified steel 

Unidentified steel, if free from surface imperfections, is permitted for parts of 
minor importance, or for unimportant details, where the precise physical prop- 
erties of the steel and its weldability would not affect the strength of the struc- 
ture. 

For ASTM A6 Groups 4 and 5 rolled shapes to be used as members subject to 
primary tensile stresses due to tension or flexure, toughness need not be speci- 
fied if splices are made by bolting. If such members are spliced using full pene- 
tration welds, the steel shall be specified in the contract documents to be sup- 
plied with Charpy V-Notch testing in accordance with AST 
Supplementary Requirement S5. The impact test shall meet a minimum aver- 
age value of 20 ft-lbs. absorbed energy at +70°F and shall be conducted in ac- 
cordance with ASTM A673 with the following exceptions: 

a. The center longitudinal axis of the specimens shall be located as near as 
practical to midway between the inner flange surface and the center of 
the flange thickness at the intersection with the web mid-thickness. 

b. Tests shall be conducted by the producer on material selected from a 
location representing the top of each ingot or part of an ingot used to 
produce the product represented by these tests. 

For plates exceeding 2411. thick used for built-up members with bolted splices 
and subject to primary tensile stresses due to tension or flexure, material 
toughness need not be specified. If such members are spliced using full pene- 
tration welds, the steel shall be specified in the contract documents to be sup- 
plied with Charpy V-Notch testing in accordance with ASTM A6, Supplemen- 
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tary Requirement S5. The impact test shall be conducted by the producer in 
accordance with AS A673, Frequency P, and shall meet a minimum average 
value of 20 ft-lbs. absorbed energy at f 70°F. 

The above supplementary toughness requirements shall also be considered for 
welded full-penetration joints other than splices in heavy rolled and built-up 
members subject to primary tensile stresses. 

Additional requirements for joints in heavy rolled and built-up members are 
given in Sects. 51.7, 51.8, 52.6, 52.7 and M2.2. 

Cast steel shall conform to one of the following standard specifications: 

Mild-to-medium-strength Carbon-steel Castings for General Applica- 
tions, ASTM A27, Gr. 65-35 

Nigh-strength Steel Castings for Structural Purposes, ASTM A148, Gr. 
80-50 

Steel forgings shall conform to the following standard specification: 

Steel Forgings Carbon and Alloy for General Industrial Use, ASTh4 A668 

Certified test reports shall constitute sufficient evidence of conformity with the 
standards. 

Allowable stresses shall be the same as those provided for other steels, where 
applicable. 

Wets 

Steel rivets shall conform to the following standard specification: 

Steel Structural Rivets, ASTM A502 

Manufacturer's certification shall constitute sufficient evidence of conformity 
with the standard. 

Steel bolts shall conform to one of the following standard specifications: 

Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength, ASTM A307 
High-strength Bolts for Structural Steel Joints, ASTM A325 
Quenched and Tempered Steel Bolts and Studs, ASTM A449 
Heat-treated Steel Structural Bolts, 150 ksi Min. Tensile Strength, ASTM 

A490 
Carbon and Alloy Steel Nuts, ASTM A563 

ashers, ASTM F436 

A449 bolts are permitted only in connections requiring bolt diameters greater 
than 11/2 in. and shall not be used in slip-critical connections. 

anufacturer's certification shall constitute sufficient evidence of conformity 
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Anchor bolt and threaded rod steel shall conform to one of the following stan- 
dard specifications: 

Structural Steel, ASTM A36 
Carbon and Alloy Steel Nuts for Bolts for High-pressure and High- 

temperature Service, ASTM A194, Gr.7 
Quenched and Tempered Alloy Steel Bolts, Studs and other Externally 

Threaded Fasteners, ASTM A354 
Quenched and Tempered Steel Bolts and Studs, AS 
High-Strength Low-Alloy Columbium-Vanadium Steels of Structural 

Quality, ASTM A572 
High-strength Low-alloy Structural Steel with 50,000 psi Minimum Yield 

Point to 4 in. Thick, ASTM A588 
High-strength Non-headed Steel Bolts and Studs, ASTM A687 

Threads on bolts and rods shall conform to Unified Standard Series of latest 
edition of ANSI B18.1 and shall have Class 2A tolerances. 

Steel bolts conforming to other provisions of Sect. A3 are permitted as anchor 
bolts. A449 material is acceptable for high-strength anchor bolts and threaded 
rods of any diameter. 

Manufacturer's certification shall constitute sufficient evidence of conformity 
with the standards. 

6. Filler Metal an 

Welding electrodes and fluxes shall conform to one of the following specifica- 
tions of the American Welding Society:* 

Specification for Covered Carbon Steel Arc Welding Electrodes, AWS 
A5.1 

Specification for Low-alloy Steel Covered Arc Welding Electrodes, AWS 
A5.5 

Specification for Carbon Steel Electrodes and Fluxes for Submerged-Arc 
Welding, AWS A5.17 

Specification for Carbon Steel Filler Metals for Gas-Shielded Arc Weld- 

Specification for Carbon Steel Electrodes for Flux-Cored Arc Welding, 
AWS A5.20 

Specification for Low-alloy Steel Electrodes and Fluxes for Submerged- 
arc Welding, AWS A5.23 

Specification for Low-alloy Steel Filler Metals for Gas-shielded Arc Weld- 
ing, AWS A5.28 

Specification for Low-alloy Steel Electrodes for Flux-cored Arc Welding, 
AWS A5.29 

Manufacturer's certification shall constitute sufficient evidence of conformity 
with the standards. 

*Approval of these welding electrode specifications is given without regard to weld metal notch 
toughness requirements, which are generally not critical for building construction. See Commen- 
tary, Sect. A3. 



Shear Connectors 

Steel stud shear conn shall conform to the requirements of Structural 
Welding Code-Steel, D1.l. 

Manufacturer's certification shall constitute sufficient evidence of conformity 
with the code. 

The nominal loads shall be the minimum design loads stipulated by the applica- 
ble code under which the structure is designed or dictated by the conditions in- 
volved. In the absence of a code, the loads and load combinations shall be 
those stipulated in the American National Standard Minimum Design Loads 
for Buildings and Other Structures, ANSI A58.1. 

The dead load to be assumed in design shall consist of the weight of steelwork 
and all material permanently fastened thereto or supported thereby. 

The live load, including snow load if any, shall be that stipulated by the appli- 
cable code under which the structure is being designed or that dictated by the 
conditions involved. Snow load shall be considered as applied either to the en- 
tire roof area or to a part of the roof area, and any probable arrangement of 
loads resulting in the highest stresses in the supporting members shall be used 
in the design. 

For structures carrying live loads* which induce impact, the assumed live load 
shall be increased sufficiently to provide for same. 
If not otherwise specified, the increase shall be not less than: 

For supports of elevators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100% 
For cab-operated traveling crane support girders and their con- 

nections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25% 
For pendant-operated traveling crane support girders and their 

connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10% 
For supports of light machinery, shaft or motor driven . . . . . . . . .  20% 
For supports of reciprocating machinery or power driven units . . 50% 
For hangers supporting oors and balconies . . . . . . . . . . . . . . . . . .  33% 

e lateral force on crane runways to provide for the effect of moving crane 
trolleys shall be not less than 20% of the sum of weights of the lifted load and 
of the crane trolley, but exchive of other parts of the crane. The force shall 

*Live loads on crane support girders shall be taken as the maximum crane wheel loads. 
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e rails, acting in either direction nor- 
tributed with due regard for lateral 

ucture supporting the rails. 

The longitudinal tractive force shall be not less than 10% of the maximum 
wheel loads of the crane applied at the top of the rail, unless otherwise speci- 
fied. 

The crane runway shall also be designed for crane stop forces. 

Proper provision shall be made for stresses caused by wind, both during erec- 
tion and after completion of the building. 

Structures in localities subject to earthquakes, hurricanes and other extraordi- 
nary conditions shall be designed with due regard for such conditions. 

Except as provided in Chapter N, all structural members, connections and con- 
nectors shall be proportioned so the stresses due to the working loads do not 
exceed the allowable stresses specified in Chapters D through K. The allowable 
stresses specified in these chapters do not apply to peak stresses in regions of 
connections (see also Sect. B9), provided requirements of Chapter K are satis- 
fied. 

For provisions pertaining to plastic design, refer to Chapter N 

Allowable stresses may be increased ?h above the values otherwise provided 
when produced by wind or seismic loading, acting alone or in combination with 
the design dead and live loads, provided the required section computed on this 
basis is not less than that required for the design dead and live load and impact 
(if any) computed without the % stress increase, and further provided that 
stresses are not otherwise* required to be calculated on the basis of reduction 
factors applied to design loads in combinations. The above stress increase does 
not apply to allowable stress ranges provided in Appendix K4. 

tructural AnaBysis 

The stresses in members, connections and connectors shall be determined by 
structural analysis for the loads defined in Sect. A4. Selection of the method of 
analysis is the prerogative of the responsible engineer. 

*For example, see ANSI A58.1, Sect. 2.3.3. 
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n for Sewiceabiii 

The overall structure and the individual members, connections and connectors 
shall be checked for serviceability in accordance with Chapter L. 

Where codes and standards are referenced in this Specification, the editions of 
the following listed adoption dates are intended: 

American National Standards Institute 
ANSI B18.1-72 
ANSI A58.1-82 

American Society of Testing and Materials 
ASTM A6-87d ASTM A27-87 A S W  A36-87 
ASTM A.53-88 ASTM A148-84 ASTM A242-87 
ASTM A307-86a ASTM A354-86 

ASTM A572-85 

ASTM A709-87b 
ASTM A852-85 

American Welding Society 
AWS D1.l-88 AWS A5.1-81 AWS A5.5-81 
AWS A5.17-80 S A5.18-79 AWS A5.20-79 
AWS A5.23-80 AWS A5.28-79 AWS A5.29-80 

Research Council on Structural Connections 
Specification for Structural Joints Using ASTM A325 or A490 Bolts, 1985 

The design plans shall show a complete design with sizes, sections and relative 
locations of the various members. Floor levels, column centers and offsets shall 
be dimensioned. Drawings shall be drawn to a scale large enough to show the 
information dearly. 

Design documents shall indicate the type or types of construction as defined in 
Sect. A2.2 and shall include the loads and design requirements necessary for 
preparation of shop drawings including shears, moments and axial forces to be 
resisted by a11 members and their connections. 

Where joints are to be assembled with high-strength bolts, design documents 
shall indicate the connection type (slip-critical, tension or bearing). 

Camber of trusses, beams and girders, if required, shall be called for in the de- 
sign documents. The requirements for stiffeners and bracing shall be shown on 
the design documents. 
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Welding and inspection symbols used on plans and shop drawings shall prefera- 
bly be the American Welding Society symbols. Other adequate welding sym- 
bols are permitted, provided a complete explanation thereof is shown in the 
design documents. 

Notes shall be made in the design documents and on the shop drawings of those 
joints or groups of joints in which the welding sequence and technique of weld- 
ing shall be carefully controlled to minimize distortion. 

Weld lengths called for in the design documents and on the shop drawings shall 
be the net effective lengths. 



This chapter contains provisions which are common to the Specification as a 
whole. 

The gross area of a member at any point shall be determined by summing the 
products of the thickness and the gross width of each element as measured nor- 
mal to the axis of the member. 

For angles, the gross widt shall be the sum of the widths of the legs less the 
thickness. 

e net area A, of a member is the sum of the products of the thickness and 
the net width of each element computed as follows: 

e width of a bolt or rivet hole shall be taken as 1/16 in. greater than the nomi- 
nal dimension of the hole. 

For a chain of holes extending across a part in any diagonal or zigzag line, the 
net width of the part shall be obtained by deducting from the gross width the 
sum of the diameters or slot dimensions as provided in Sect. 53.2, of all holes 
in the chain, and adding, for each gage space in the chain, the quantity 

where 

s = longitudinal center-to-center spacing (pitch) of any two consecutive 
holes, in. 

g = transverse center-to-center spacing (gage) between fastener gage 
lines, in. 

For angles, the gage for holes in opposite adjacent legs shall be the sum of the 
gages from the back of the angles less the thickness. 

The critical net area A, of the part is obtained from that chain which gives the 
least net width. 

In determining the net area across plug or slot welds, the weld metal shall not 
be considered as adding to the net area. 

3. 

hen the load is transmitted directly to each of the cross-sectional elements by 
connectors, the effective net area A, is equal to the net area A,. 
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is transmitted by bolts or rivets t rough some but not all of the 
cross-sectional elements of the member, the effective net area A, shall be com- 
puted as: 

A, = U A ,  (B3-1) 
where 

A, = net area of the member, in.' 
U = reduction coefficient 

When the load is transmitted by welds through some but not all of the cross- 
sectional elements of the member, the effective net area A, shall be computed 
as : 

A, = U A ,  (B3-2) 

where 

A, = gross area of member, in.' 

Unless a larger coefficient is justified by tests or other criteria, the following 
values of U shall be used: 

a. W, M or S shapes with flange widths not less than 2/3 the depth, and 
structural tees cut from these shapes, provided the connection is to the 
flanges. Bolted or riveted connections shall have no fewer than three 
fasteners per line in the direction of stress . . . . . . . . . . . . . .  U = 0.90 

M or S shapes not meeting the conditions of subparagraph a, struc- 
tural tees cut from these shapes and all other shapes, including built-up 
cross sections. Bolted or riveted connections shall have no fewer than 
three fasteners per line in the direction of stress . . . . . . . . .  U = 0.85 

c. All members with bolted or riveted connections having only two fasten- 
ers per line in the direction of stress . . . . . . . . . . . . . . . . . . . .  U = 0.75 

When load is transmitted by transverse welds to some but not all of the cross- 
sectional elements of W, M or S shapes and structural tees cut from these 
shapes, A, shall be taken as the area of the directly connected elements. 

When the load is transmitted to a plate by longitudinal welds along both edges 
at the end of the plate, the length of the welds shall not be less than the width 
of the plate. The effective net area A, shall be computed by Equation (B3-2). 

Unless a Iarger coefficient can be justified by tests or other criteria, the follow- 
ing values of U shall be used: 

a. When1 > 2w . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U =  1.0 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b. When2w > 1 > 1 . 5 ~  U =  0.87 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c. When 1 . 5 ~  > I >  w U =  0.75 

where 

1 = weld length, in. 
w = plate width (distance between welds), in. 

Bolted and riveted splice and gusset plates and other connection fittings subject 
to tensile force shall be designed in accordance with the provisions of Sect. D l ,  
where the effective net area shall be taken as the actual net area, except that, 
for the purpose of design calculations, it shall not be taken as greater than 85% 
of the gross area. 
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General stability shall be provided for the structure as a whole and for each 
compression element. 

Consideration shall be given to significant load effects resulting from the de- 
flected shape of the structure or of individual elements of the lateral load resist- 
ing system, including effects on beams, columns, bracing, connections and 
shear walls. 

Steel sections are classified as compact, noncompact and slender element sec- 
tions. For a section to qualify as compact, its flanges must be continuously con- 
nected to the web or webs and the width-thickness ratios of its compression ele- 
ments must not exceed the applicable limiting width-thickness ratios from 
Table B5.1. Steel sections that do not qualify as compact are classified as 
noncompact if the width-thickness ratios of the compression elements do not 
exceed the values shown for noncompact in Table B5.1. If the width-thickness 
ratios of any compression element exceed the latter applicable value, the sec- 
tion is classified as a slender element section. 

For unstiffened elements which are supported along only one edge, parallel to 
the direction of the compression force, the width shall be taken as follows: 

a. For flanges of I-shaped members and tees, the width b is half the full 
nominal width. 

b. For legs of angles and flanges of channels and zees, the width b is the 
full nominal dimension. 

c. For plates, the width b is the distance from the free edge to the first row 
of fasteners or line of welds. 

d. For stems of tees, d is taken as the full nominal depth. 

For stiffened elements, i.e., supported along two edges parallel to the direction 
of the compression force, the width shall be taken as follows: 

a. For webs of rolled, built-up or formed sections, h is the clear distance 
between flanges. 

b. For webs of rolled, built-up or formed sections, d is the full nominal 
depth. 

c. For flange or diaphragm plates in built-up sections, the width b is the 
distance between adjacent lines of fasteners or lines of welds. 

d. For flanges of rectangular hollow structural sections, the width b is the 
clear distance between webs less the inside corner radius on each side. 
If the corner radius is not known, the flat width may be taken as the 
total section width minus three times the thickness. 

For tapered flanges of rolled sections, the thickness is the nominal value half- 
way between the free edge and the corresponding face of the web. 

For the design of flexural and compressive sections with slender compressive 
elements see Appendix 



-- 

Width- Limiting Width- 
Thick- Thickness Ratios 
ness 

Description of Element Ratio Compact NoncompactC 

Flanges of I-shaped rolled beams and b/t 65 /* 95 /* 
channels in flexurea 

Flanges of I-shaped welded beams b/t 65 /* 9 5 / m e  
in flexure 

Outstanding legs of pairs of angles in continu- 
ous contact; angles or plates projecting from 
rolled beams or columns; stiffeners on plate b/f N A 95 /* 

girders 

Angles or plates projecting from girders, built- 
up columns or other compression members; bN N A 951- 
compression flanges of plate girders 

Stems of tees N A 

I - 
for 

h/tw - 

Circular hollow sections 
In axial compression D/t 3,300/Fy - 
In flexure 3,300/Fy - 

'For hybrid beams, use the yield strength of the flange Fyf instead of F,. 
bAssumes net area of plate at widest hole. 
'For design of slender sections that exceed the noncompact limits see Appendix B5. 
dSee also Sect. F3.1. 

4.05 ek, = - if h/t > 70, otherwise kc = 1.0. 
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At points of support, beams, girders and trusses shall be restrained against ro- 
tation about their longitudinal axis. 

For members whose design is based on compressive force, the slenderness ratio 
Kllr preferably should not exceed 200. If this limit is exceeded, the allowable 
stress shall not exceed the value obtained from Equation (E2-2). 

For members whose design is based on tensile force, the slenderness ratio Llr 
preferably should not exceed 300. The above limitation does not apply to rods 
in tension. Members which have been designed to perform as tension members 
in a structural system, but experience some compression loading, need not sat- 
isfy the compression slenderness limit. 

Beams, girders and trusses designed on the basis of simple spans shall have an 
effective length equal to the distance between centers of gravity of the mem- 
bers to which they deliver their end reactions. 

When designed on the assumption of full or partial end restraint due to contin- 
uous, semi-continuous or cantilever action, the beams, girders and trusses, as 
well as the sections of the members to which they connect, shall be designed to 
carry the shears and moments so introduced, as well as all other forces, without 
exceeding at any point the unit stresses prescribed in Chapters D through F, 
except that some non-elastic but self-limiting deformation of a part of the con- 
nection is permitted when this is essential to avoid overstressing of fasteners. 

Rolled or welded shapes, plate girders and cover-plated beams shall, in gen- 
eral, be proportioned by the moment of inertia of the gross section. No deduc- 
tion shall be made for shop or field bolt or rivet holes in either flange provided 
that 

0.5Fu Af ,  2 0.6Fy Afg (B10-1) 

where Afg is the gross flange area and Af ,  is the net flange area, calculated in 
accordance with the provisions of Sects. B1 and B2. 

If 
0.5Fu Afi < 0.6Fy Afg (B10-2) 

the member flexural properties shall be based on an effective tension flange 
area Afe 



Hybrid girders may be proportioned ent of inertia of their gross 
section,* subject to the applicable pro ect. 61, provided they are not 
required to resist an axial force great d;, times the area of the gross 
section, where F, is the yield stress of the flange material. To qualify as hybrid 
girders, the flanges at any given section shall have the same cross-sectional area 
and be made of the same grade of steel. 

Flanges of welded beams or girders may be varied in thickness or width by 
splicing a series of plates or by the use of cover plates. 

The total cross-sectional area of cover plates of bolted or riveted girders shall 
not exceed 70% of the total flange area. 

High-strength bolts, rivets or welds connecting flange to web, or cover plate to 
flange, shall be proportioned to resist the total horizontal shear resulting from 
the bending forces on the girder. The longitudinal distribution of these bolts, 
rivets or intermittent welds shall be in proportion to the intensity of the shear. 
However, the longitudinal spacing shall not exceed the maximum permitted for 
compression or tension members in Sect. D2 or E4, respectively. Bolts, rivets 
or welds connecting flange to web shall also be proportioned to transmit to the 
web any loads applied directly to the flange, unless provision is made to trans- 
mit such loads by direct bearing. 

Partial length cover plates shall be extended beyond the theoretical cutoff 
point and the extended portion shall be attached to the beam or girder by high- 
strength bolts in a slip-critical connection, rivets or fillet welds adequate, at the 
applicable stresses allowed in Sects. 92.4, 53.4, or K4, to develop the cover 
plate's portion of the flexural stresses in the beam or girder at the theoretical 
cutoff point. 

In addition, for welded cover plates, the welds connecting the cover plate ter- 
mination to the beam or girder in the length a', defined below, shall be ade- 
quate, at the allowed stresses, to develop t e cover plate's portion of the flex- 
ural stresses in the beam or girder at the distance a' from the end of the cover 
plate. The length a', measured from the end of the cover plate, shall be: 

1. A distance equal to the width of the cover plate when there is a continu- 
ous weld equal to or larger than 3/4 of the plate thickness across the end 
of the plate and continuous welds along both edges of the cover plate 
in the length a'. 

2. A distance equal to 1% times the width of the cover plate when there 
is a continuous weld smaller than 3/4 of the plate thickness across the 
end of the plate and continuous welds along both edges of the cover 
plate in the length a'. 

3. A distance equal to 2 times the width of the cover plate when there is 
no weld across the end of the plate, but continuous welds along both 
edges of the cover plate in the length a'. 

OF GI 
The flanges of plate girders supporting cranes or other moving loads shall be 
proportioned to resist the horizontal forces produced by such loads. 

*No limit is placed on the web stresses produced by the applied bending moment for which a hybrid 
girder is designed, except as provided in Sect. K4 and Appendix K4. 
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This chapter specifies general requirements to assure stability of the structure 
as a whole. 

In addition to meeting the requirements of member strength and stiffness, 
frames and other continous structures shall be designed to provide the needed 
deformation capacity and to assure over-all frame stability. 

raced Frames 

In trusses and in those frames where lateral stability is provided by adequate 
attachment to diagonal bracing, to shear walls, to an adjacent structure having 
adequate lateral stability or to floor slabs or roof decks secured horizontally by 
walls or bracing systems parallel to the plane of the frame, the effective length 
factor K for the compression members shall be taken as unity, unless analysis 
shows that a smaller value is permitted. 

In frames where lateral stability is dependent upon the bending stiffness of rig- 
idly connected beams and columns, the effective length Kl of compression 
members shall be determined by analysis and shall not be less than the actual 
unbraced length. 



This section applies to prismatic members subject to axial tension caused by 
forces acting through the centroidal axis. For members subject to combined 
axial tension and flexure, see Sect. M2. For members subject to fatigue, see 
Sect. K4. For tapered members, see Appendix F7. For threaded rods see Sect. 
53. 

The allowable stress F, shall not exceed 0.60Fy on the gross area nor 0.50Fu on 
the effective net area. In addition, pin-connected members shall meet the re- 
quirements of Sect. D3.1 at the pin hole. 

lock shear strength shall be checked at end connections of tension members 
in accordance with Sect. 54. 

Eyebars shall meet the requirements of Sect. D3.1. 

The longitudinal spacing of connectors between elements in continuous contact 
consisting of a plate and a shape or two plates shall not exceed: 

24 times the thickness of the thinner plate, nor 12 in. for painted members 
or unpainted members not subject to corrosion. 

14 times the thickness of the thinner plate, nor 7 in. for unpainted mem- 
bers of weathering steel subject to atmospheric corrosion. 

a tension member the longitudinal spacing of fasteners and intermittent 
welds connecting two or more shapes in contact shall not exceed 24 inches. 
Tension members composed of two or more shapes or plates separated by in- 
termittent fillers shall be connected to one another at these fillers at intervals 
such that the slenderness ratio of either component between the fasteners does 
not exceed 300. 

Either perforated cover plates or tie plates wit out lacing are permitted on the 
open sides of built-up tension members. Tie plates shall have a length not less 
than 7 3  the distance between the lines of welds or fasteners connecting them to 
the components of the member. The thickness of such tie plates shall not be 
less than 1/50 of the distance between these lines. The longitudinal spacing of in- 
termittent welds or fasteners at tie plates shall not exceed 6 in. 

The spacing of tie plates shall be such that the slenderness ratio of any compo- 
nent in the length between tie plates should preferably not exceed 300. 



The allowable stress on the net area of the pin hole for pin-connected members 
is 0.45 Fy. The bearing stress on the projected area of the pin shall not exceed 
the stress allowed in Sect. 98. 

The allowable stress on eyebars meeting the requirements of Sect. D3.3 is 0.60 
Fy on the body area. 

The minimum net area beyond the pin hole, parallel to the axis of the member, 
shall not be less than 2/3 of the net area across the pin hole. 

The distance used in calculations, transverse to the axis of pin-connected plates 
or any individual element of a built-up member, from the edge of the pin hole 
to the edge of the member or element shall not exceed 4 times the thickness at 
the pin hole. For calculation purposes, the distance from the edge of the pin 
hole to the edge of the plate or to the edge of a separated element of a built-up 
member at the pin hole, shall not be assumed to be more than 0.8 times the 
diameter of the pin hole. 

For pin-connected members in which the pin is expected to provide for relative 
movement between connected parts while under full load, the diameter of the 
pin hole shall not be more than 1/32 in. greater than the diameter of the pin. 

The corners beyond the pin hole may be cut at 45' to the axis of the member, 
provided the net area beyond the pin hole, on a plane perpendicular to the cut, 
is not less than that perpendicular to the direction of the applied load. 

Eyebars shall be of uniform thickness, without reinforcement at the pin holes, 
and have circular heads whose periphery is concentric with the pin hole. The 
radius of the transition between the circular head and the eyebar body shall not 
be less than the diameter of the head. 

For calculation purposes, the width of the body of an eyebar shall not exceed 
8 times its thickness. 

The thickness may be less than ?&in. only if external nuts are provided to 
tighten pin plates and filler plates into snug contact. For calculation purposes, 
the distance from the hole edge to plate edge perpendicular to the direction of 
the applied load shall not be less than % nor greater than 3/4 times the width 
of the eyebar body. 

The pin diameter shall be not less than 7/s times the eyebar width. 

The pin-hole diameter shall be no more than %2-in. greater than the pin diam- 
eter. 

For steel having a yield stress greater than 70 ksi, the hole diameter shall not 
exceed 5 times the plate thickness and the width of the eyebar shall be reduced 
accordingly. 
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This section applies to prismatic members with compact and noncompact sections 
subject to axial compression through the centroidal axis. For members with slender 
elements, see Appendix B5.2. For members subject to combined axial compression 
and flexure, see Chap. H. For tapered members, see Appendix F7. 

The effective-length factor K shall be determined in accordance with Sect. C2. 

In determining the slenderness ratio of an axially loaded compression member, 
the length shall be taken as its effective length K1 and r as the corresponding 
radius of gyration. For limiting slenderness ratios, see Sect. 

On the gross section of axially loaded compression members whose cross sec- 
tions meet the provisions of Table 5.1, when Kllr, the largest effective slender- 
ness ratio of any unbraced segment is less than C,, the allowable stress is: 

where 

On the gross section of axially loaded compression members, when Kllr ex- 
ceeds C,, the allowable stress is: 

Singly symmetric and unsyrnmetric columns, such as angles or tee-shaped col- 
umns, and doubly symmetric columns such as cruciform or built-up columns 
with very thin walls, may require consideration of flexural-torsional and tor- 
sional buckling. 
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All parts of built-up compression members and the transverse spacing of their 
lines of fasteners shall meet the requirements of Sect. 

For spacing and edge distance requirements for weathering steel members, see 
Sect. 53.10. 

At the ends of built-up compression members bearing on base plates or milled 
surfaces, a11 components in contact with one another shall be connected by riv- 
ets or bolts spaced longitudinally not more than 4 diameters apart for a dis- 
tance equal to 1% times the maximum width of the member, or by continuous 
welds having a length not less than the maximum width of the member. 

The longitudinal s acing for intermediate bolts, rivets or intermittent welds in 
built-up members shall be adequate to provide for the transfer of calculated 
stress. The maximum dinal spacing of bolts, rivets or intermittent welds 

ing two rolled in contact shall not exceed 24 in. In addition, for 
members and ted members not subject to corrosion where the 

outside component consists of a plate, the maximum longitudinal spacing shall 
not exceed: 

1 2 7 1 f l  times the thickness of the outside plate nor 12 in. when fasteners 
are not staggered along adjacent gage lines. 

1 9 0 1 f l  times the thickness of the outside plate nor 18 in. when fasteners 
are staggered along a 

Compression members composed of two or more rolled shapes separated by 
intermittent fillers shall be connected at these fillers at intervals such that the 
slenderness ratio KlIr of either shape, between the fasteners, does not exceed 
3/4 times the governing slenderness ratio of the built-up member. The least ra- 
dius of gyration r shall be used in computing the slenderness ratio of each com- 
ponent part. At least two intermediate connectors shall be used along the 
length of the built-up member. 

1 connections, including those at the ends, shall be welded or shall utilize 
high-strength bolts tightened to the requirements of Table 53.7. 

Open sides of compression members built up from plates or shapes shall be 
provided with lacing having tie plates at each end and at intermediate points if 
the lacing is interrtpted. Tie plates shall be as near the ends as practicable. In 
main members carrying calculated stress, the end tie plates shall have a length 
of not less than the distance between the lines of fasteners or welds connecting 
them to the components of the member. Intermediate tie plates shall have a 
length not less than Yz of this distance. The thickness of tie plates shall not be 
less than 1/50 of the distance between the lines of fasteners or welds connecting 
them to the components of the member. In bolted and riveted construction, 
the spacing in the direction of stress in tie plates shall not be more than 6 diam- 
eters and the tie plates shall be connected to each component by at least 3 fast- 
eners. In welded constr welding on each line connecting a tie plate 
shall aggregate not less e length of the plate. 



bars, angles, channels or other shapes 
d that the ratio IIr of the flange indud 

connections shall not exceed 3/4 times the governing ratio for 
whole. Lacing shaII be proportioned to resist a shearing stress normal to the 
axis of the member equal to 2% of the total compressive stress in the member. 
The ratio llr for lacing bars arranged in single systems shall not exceed 140. For 
double lacing this ratio shall not exceed 200. Double lacing bars shall be joined 
at their intersections. For lacing bars in compression the unsupported length of 
the lacing bar shall be taken as the distance between fasteners or welds con- 
necting it to the components of the built-up member for single lacing, and 70% 
of that distance for double lacing. The inclination of lacing bars to the axis of 
the member shall preferably be not less than 60" for single lacing and 45" for 

en the distance between the lines of fasteners or weids in the 
flanges is more than 15 in., the lacing preferably shall be double or be made of 
angles. 

The function of tie plates and lacing may be performed by continuous cover 
plates perforated with access holes. The unsupported width of such plates at 
access holes, as defined in Sect. B5, is assumed available to resist axial stress, 
provided that: the width-to-thickness ratio conforms to the limitations of Sect. 
B5; the ratio of length (in direction of stress) to width of holes shall not exceed 
2; the clear distance between holes in the direction of stress shall be not less 
than the transverse distance between nearest lines of connecting fasteners or 
welds; and the periphery of the holes at all points shall have a minimum radius 
of 11/2 in. 

Pin-connections of pin-connected compression members shall conform to the 
requirements of Sect. D3. 

Column connections must be investigated for concentrated force introduction 
in accordance with Sect. K1. 



Beams shall be distinguished from plate girders on the basis of the web slender- 
ness ratio h/t,. When this value is greater than 97014 the allowable bending 
stress is given in Chapter 6. The allowable shear stresses and stiffener require- 
ments are given in Chapter F unless tension field action is used, then the allow- 
able shear stresses are given in Chapter 6. 

This chapter applies to singly or doubly symmetric beams including hybrid 
beams and girders loaded in the plane of symmetry. It also applies to channels 
loaded in a plane passing through the shear center parallel to the web or re- 
strained against twisting at load points and points of support. For members 
subject to combined flexural and axial force, see Sect. 

C 8 

For members with compact sections as defined in Sect. B5.1 (excluding hybrid 
beams and members with yield points greater than 65 ksi) symmetrical about, 
and loaded in, the plane of their minor axis the allowable stress is 

b;b = 0.66 Fy (Fl-1) 

provided the flanges are connected continuously to the web or webs and the 
laterally unsupported length of the compression flange Lb does not exceed the 
value of LC, as given by the smaller of: 

Members (including composite members and excluding hybrid members and 
members with yield points greater than 65 ksi) which meet the requirements 
for compact sections and are continuous over supports or rigidly framed to col- 
umns, may be proportioned for 9/10 of the negative moments produced by grav- 
ity loading when such moments are maximum at points of support, provided 
that, for such members, the maximum positive moment is increased by l/lo of 
the average negative moments. This reduction shall not apply to moments pro- 
duced by loading on cantilevers. If the negative moment is resisted by a column 
rigidly framed to the beam or girder, the l,/lo reduction is permitted in propor- 
tioning the column for the combined axial and bending loading, provided that 
the stress fa due to any concurrent axial load on the member, does not excee 
0.156;,. 



1.1 except that their flanges 
are noncompact (excluding built-up members and members with yield points 
greater than 65 ksi), the allowable stress is 

For built-up members meeting the requirements of Sect. F1.l except that their 
flanges are noncompact and their webs are compact or noncompact, (excluding 
hybrid girders and members with yield points greater than 65 ksi) the allowable 
stress is 

where 

kc = 
4'05 

if hh, z 70, otherwise kc = 1.0. 
( h ~ t , ) ' . ~ ~  

For members with a noncompact section (Sect. B5), but not included above, 
and loaded through the shear center and braced laterally in the region of 
compression stress at intervals not exceeding 7 6 b f l f l ,  the allowable stress is 

Fb = 0.60 F, (Fl-5) 

For flexural members with compact or noncompact sections as defined in Sect. 
B5.1, and with unbraced lengths greater than LC as defined in Sect. F1.1, the 
allowable bending stress in tension is determined from Equation (Fl-5). 

For such members with an axis of symmetry in, and loaded in the plane of their 
web, the allowable bending stress in compression is determined as the larger 
value from Equations (Fl-6) or (Fl-7) and (Fl-8), except that Equation (Fl-8) 
is applicable only to sections with a compression flange that is solid and approx- 
imately rectangular in cross section and that has an area not less than the ten- 
sion flange. Higher values of the allowable compressive stress are permitted if 
justified by a more precise analysis. Stresses shall not exceed those permitted 
by Chapter G ,  if applicable. 

For channels bent about their major axis, the allowable compressive stress is 
determined from Equation (Fl-8). 
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When 

When 

For any value of ZIT,: 

where 

I = distance between cross sections braced against twist or lateral dis- 
placement of the compression flange, in. For cantilevers braced 
against twist only at the support, 1 may conservatively be taken as the 
actual length. 

r ,  = radius of gyration of a section comprising the compression flange 
plus 1/3 of the com ression web area, taken about an axis in the plane 
of the web, in. 

Cb = 1.75 + 1.05 ) + 0.3 (MllM2)2, but not more than 2.3: where 
ending moment at the ends of 
strong axis of the member, and 
ts, is positive when MI and M2 

bending) and negative when 
they are of opposite signs (single curvature bending). When the 
bending moment at any point within an unbraced length is larger 

both ends of this length, the value of Cb shall be taken 
hen computing Fbx to be used in Equation (HI-1), Cb 

may be computed by the equation given above for frames subject to 
joint translation, and it shall be taken as unity for frames braced 
against joint translation. Cb may conservatively be taken as unity for 
cantilever beams. * * 

*It is conservative to take Cb as unity. For values smaller than 2.3, see Table 6 in the Numerical 
Values Section. 

**For the use of larger Cb values, see Galambos (1988). 



For hybrid plate girders, F, for Equations (F 
of the compression flange. Equation (Fl-8) 

Sect. F1.3 does not apply to tee sections if the stem is in compression anywhere 
along the unbraced length. 

Lateral bracing is not required for members loaded through the shear center 
about their weak axis nor for members of equal strength about both axes. 

For doubly symmetrical I- and H-shape members with compact flanges (Sect. 
B5) continuously connected to the web and bent about their weak axes (except 
members with yield points greater than 65 ksi); solid round and square bars; 
and solid rectangular sections bent about their weaker axes, the allowable 
stress is 

Fb = 0.75 F y  (F 2- 1) 

Members 

For members not meeting the requirements for compact sections of Sect. B5 
and not covered in Sect. F3, bent about their minor axis, the allowable stress 
is 

Fb = 0.60 4 (F 2-2) 

Doubly symmetrical I- and -shape members bent about their weak axes (ex- 
cept members with yield p ts greater than 65 ksi) with no 
(Sect. B5) continuously connected to the web may be design 
an allowable stress of 

tions as defined in Sect. B5 and flanges continuously connected to the webs, the 
allowable stress is 

Fb = 0.66 F, (F3-1) 

To be classified as a compact section, a box-shaped member shall have, in addi- 
tion to the requirements in Sect. B5, a depth not greater than 6 times the 
width, a flange thickness not greater than 2 times the web thickness and a later- 
ally unsupported length Lb less than or equal to 
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except that it need not be less than 1,200 (blF,,), where MI is the smaller and 
M2 the larger bending moment at the ends of the unbraced length, taken about 
the strong axis of the member, and where M1/M2, the ratio of end moments, 
is positive when MI and M2 have the same sign (reverse curvature bending) 
and negative when they are of opposite signs (single curvature bending). 

For box-type and tubular flexural members that meet the noncompact section 
requirements of Sect. B5, the allowable stress is 

Fb = 0.60 F, (F3-3) 

Lateral bracing is not required for a box section whose depth is less than 6 
times its width. Lateral-support requirements for box sections of larger depth- 
to-width ratios must be determined by special analysis. 

For hlt, 5 380/f l ,  on the overall depth times the web thickness, the allowa- 
ble shear stress is 

F, = 0.40 F, (F4-1) 

For hit, > 380/*, the allowable shear stress is on the clear distance between 
flanges times the web thickness is 

where 

cv = 
45,000kv 

when Cv is less than 0.8 
Fy (hltw l2 

- - 6 when Cv is more than 0.8 hlt, 
5 34 

k, = 4.00 + - when alh is less than 1.0 
( ~ l h ) ~  

4'00 when alh is more than 1.0 = 5.34 + - 
(alh)2 

t, = thickness of web, in. 
a = clear distance between transverse stiffeners, in. 
h = clear distance between flanges at the section under investigation, in. 

For shear rupture on coped beam end connections see Sect. 54. 

Maximum hlt, limits are given in Chapter G. 

An alternative design method for plate girders utilizing tension field action is 
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6. 

PI. 

Intermediate stiffeners are required when the ratio hlt, is greater than 260 and 
the maximum web shear stress fv is greater than that permitted by Equation 
(F4-2). 

The spacing of intermediate stiffeners, when required, shall be such that the 
web shear stress will not exceed the value for Fv given by Equation (F4-2) or 
(63-I), as applicable, and 

- 5  [,::)I2 - and 3.0 

Where two or more rolled beams or channels are used side-by-side to form a 
flexural member, they shall be connected together at intervals of not more than 
5 ft. Through-bolts and separators are permitted, provided that, in beams hav- 
ing a depth of 12 in. or more, no fewer than 2 bolts shall be used at each separa- 
tor location. When concentrated loads are carried from one beam to the other, 
or distributed between the beams, diaphragms having sufficient stiffness to dis- 
tribute the load shall be riveted, bolted or welded between the beams. 

See Appendix F7. 



Plate girders shall be distinguished from beams on the basis of the web slender- 
ness ratio h/t,. When this value is greater than !970/$, the provisions of this 
chapter shall apply for allowable bending stress, otherwise Chapter F is appli- 
cable. 

For allowable shear stress and transverse stiffener design see appropriate sec- 
tions in Chapter F or this chapter if tension field action is utilized. 

When no transverse stiffeners are provided or when transverse stiffeners are 
spaced more than 1% times the distance between flanges 

When transverse stiffeners are provided, spaced not more than 1% times the 
distance between flanges 

When the web depth-to-thickness ratio exceeds 970/@, the maximum bending 
stress in the compression flange shall not exceed 

F '  I Fb RPG Re (G2-1) 
where 

Fb = applicable bending stress given in Chapter F, ksi 

(non-hybrid girders, Re = 1 .O) 
A, = area of web at the section under investigation, in.2 

Af = area of compression flange, 
a = 0.4 F,,IFb 5 1.0 
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Except as herein provided, the largest average web shear,fv, in kips 
computed for any condition of complete or partial loading, shall not exceed the 
value given by Equation (F4-2). 

Alternatively, for girders other than hybrid girders, if intermediate stiffeners 
are provided and spaced to satisfy the provisions of Sect. 6 4  and if Cv r 1, the 
allowable shear including tension field action given by Equation ((33-1) is per- 
mitted in lieu of the value given by Equation (F4-2). 

Transverse stiffeners shall meet the requirements of Sect. F5. 

In girders designed on the basis of tension field action, the spacing between 
stiffeners at end panels, at panels containing large holes, and at panels adjacent 
to panels containing large holes shall be such that fv does not exceed the value 
given by Equation (F4-2). 

Bolts and rivets connecting stiffeners to the girder web shall be spaced not 
more than 12 in. O.C. If intermittent fillet welds are used, the clear distance be- 
tween welds shall not be more than 16 times e web thickness nor more than 
10 in. 

The moment of inertia, I,,, of a pair of interme ate stiffeners, or a single inter- 
mediate stiffener, with reference to an axis in the plane of the web, shall be 
limited as follows 

The gross area (total area, when stiffeners are furnished in pairs), in sq. in., of 
intermediate stiffeners spaced as required for Equation (G3-1) shall be not less 
than 

where 

Cv, a, h, and t are as defined in Sect. F4 
Y = ratio of yield stress of web steel to yield stress of stiffener steel 
D = 1.0 for stiffeners furnished in pairs 

= 1.8 for single angle stiffeners 
= 2.4 for single plate stiffeners 

*Equation (63-1) recognizes the contribution of tension field action. 
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When the greatest shear stress fv in a panel is less than that permitted by Equa- 
tion (G3-l), the reduction of this gross area requirement is permitted in like 
proportion. 

Intermediate stiffeners required by Equation (G3-1) shall be connected for a 
total shear transfer, in kips per inear inch of single stiffener or pair of stiffen- 
ers, not less than 

where Fy = yield stress of web steel. 

This shear transfer may be reduced in the same proportion that the largest 
computed shear stress fv in the adjacent panels is less than that permitted by 
Equation (G3-1). However, rivets and welds in intermediate stiffeners which 
are required to transmit to the web an applied concentrated load or reaction 
shall be proportioned for not less than the applied load or reaction. 

Intermediate stiffeners may be stopped short of the tension flange, provided 
bearing is not needed to transmit a concentrated load or reaction. The weld by 
which intermediate stiffeners are attached to the web shall be terminated not 
closer than 4 times nor more than 6 times the web thickness from the near toe 
of the web-to-flange weld. hen single stiffeners are used, they shall be at- 
tached to the compression flange, if it consists of a rectangular plate, to resist 
any uplift tendency due to torsion in the plate. When 1 ral bracing is attached 
to a stiffener, or a pair of stiffeners, in turn, these s 1 be connected to the 
compression flange to transmit 1% of the total flange stress, unless the flange 
is composed only of angles. 

Plate girder webs which depend upon tension field action, as provided in Equa- 
tion (G3-l), shall be so proportioned that bending tensile stress, due to mo- 
ment in the plane of the gir er web, shall not exceed 0.604 nor 

where 
fv = computed average web shear stress (total shear divided by web 

area), ksi 
Fv = allowable web shear stress according to Equation (G3-I), ksi 

The allowable shear stress in the webs of girders having flanges and webs with 
yield point greater than 65 ksi shall not exceed the values given by Equation 
(F4-2) if the flexural stress in the flange fb exceeds 0.75Fb. 



The strength of members subjected to combined stresses shall be determined 
according to the provisions of this chapter. 

This chapter pertains to doubly and singly symmetrical members only. See 
Chapter E for determination of Fa and Chapter F for determination of Fbx and 
Fby . 

Members subjected to both axial compression and bending stresses shall be 
proportioned to satisfy the following requirements: 

When falFa 5 0.15, Equation (Hl-3) is permitted in lieu of Equations (Hl-1) 
and (Hl-2): 

In Equations (Hl-1), (Hl-2) and (Hl-3), the subscripts x and y ,  combined with 
subscripts b, rn and e, indicate the axis of bending about which a particular 
stress or design property applies, and 

Fa = axial compressive stress that would be permitted if axial force alone ex- 
isted, ksi 

Fb = compressive bending stress that would be permitted if bending moment 
alone existed, ksi 

= Euler stress divided by a factor of safety, ksi (In the expression for FL, Eb 
is the actual unbraced length in the plane of bending and rb is the corre- 
sponding radius of gyration. K is the effective length factor in the plane 
of bending.) As in the case of Fa, Fb and 0.60Fy, F; may be increased 1/3 

in accordance with Sect. A5.2. 

fa = computed axial stress, ksi 
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fb = computed compressive bending stress at the point under consideration, 
ksi 

Cm= Coefficient whose value shall be taken as follows: 

a. For compression members in frames subject to joint translation 
(sidesway), Cm = 0.85. 

b. For rotationally restrained compression members in frames braced 
against joint translation and not subject to transverse loading between 
their supports in the plane of bending, 

where M1/M2 is the ratio of the smaller to larger moments at the ends 
of that portion of the member unbraced in the plane of bending under 
consideration. M,/M2 is positive when the member is bent in reverse 
curvature, negative when bent in single curvature. 

c. For compression members in frames braced against joint translation 
in the plane of loading and subjected to transverse loading between 
their supports, the value of Cm may be determined by an analysis. 
However, in lieu of such analysis, the following values are permitted: 

i. For members whose ends are restrained against rotation in the 
plane of bending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cm = 0.85 

ii. For members whose ends are unrestrained against rotation in the 
plane of bending . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cm = 1.0 

Members subject to both axial tension and bending stresses shall be propor- 
tioned at all points along their length to satisfy the following equation: 

where fb is the computed bending tensile stress, fa is the computed axial tensile 
stress, Fb is the allowable bending stress and F, is the governing allowable ten- 
sile stress defined in Sect. Dl.  

However the computed bending compressive stress arising from an indepen- 
dent load source relative to the axial tension, taken above, shall not exceed the 
applicable value required in Chapter F. 



This chapter applies to steel beams supporting a reinforced concrete slab* so 
interconnected that the beams and the slab act together to resist bending. Sim- 
ple and continuous composite beams with shear connectors and concrete- 
encased beams, constructed with or without temporary shores, are included. 

Two cases of composite members are recognized: Totally encased members 
which depend upon natural bond for interaction with the concrete and those 
with shear connectors (mechanical anchorage to the slab) with the steel mem- 
ber not necessarily encased. 

A beam totally encased in concrete cast integrally with the slab may be as- 
sumed to be connected to the concrete by natural bond, without additional an- 
chorage, provided that: 

1. Concrete cover over beam sides and soffit is at least 2 in. 
2. The top of the beam is at least 1% in. below the top and 2 in. above bot- 

tom of the slab. 
3. Concrete encasement contains adequate mesh or other reinforcing steel 

throughout the whole depth and across t e soffit of the beam to prevent 
spalling of the concrete. 

Shear connectors must be provided for composite action if t 
not totally encased in concrete. The portion of the effective width of the con- 
crete slab on each side of the beam centerline shall not exceed: 

a. One-eighth of the beam span, center-to-center of supports; 
b. One-half the distance to the centerline of the adjacent beam; or 
c. The distance from the beam center ine to the edge of the slab. 

1. Encased beams shall be proportioned to support, unassisted, all dead loads 
applied prior to the hardening of the concrete (unless these loads are sup- 
ported temporarily on shoring) and, acting in conjunction with the slab, to 
support all dead and live loads d after hardening of the concrete, 
without exceeding a computed g stress of 0.664, where 4 is the 
yield stress of the steel beam. The bending stress produced by loads after 
the concrete has hardened shall be computed on the basis of the section 
properties of the composite section. Concrete tension stresses shall be ne- 

*See Commentary Sect. 12. 
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glected. Alternatively, the steel beam alone may be proportioned to resist, 
unassisted, the positive moment produced by all loads, live and dead, using 
a bending stress equal to 0.764, in which case temporary shoring is not 
required. 

2. When shear connectors are used in accordance with Sect. 14, the composite 
section shall be proportioned to support all of the loads without exceeding 
the allowable stress prescribed in Sect. F1.l, even when the steel section is 
not shored during construction. In positive moment areas, the steel section 
is exempt from compact flange criteria (Sect. B5) and there is no limit on 
the unsupported length of the compression flange. 

Reinforcement parallel to the beam within the effective width of the slab, 
when anchored in accordance with the provisions of the applicable building 
code, may be included in computing the properties of composite sections, 
provided shear connectors are furnished in accordance with the require- 
ments of Sect. 14. The section properties of the composite section shall be 
computed in accordance with the elastic theory. Concrete tension stresses 
shall be neglected. For stress computations, the compression area of light- 
weight or normal weig t concrete shall be treated as an equivalent area of 
steel by dividing it by the modular ratio n for normal weight concrete of the 
strength specified when determining the section properties. For deflection 
calculations, the transformed section properties shall be based on the ap- 
propriate modular ratio n for the strength and weight concrete specified, 
where n = EIE,. 

In cases where it is not feasible or necessary to provide adequate connectors 
to satisfy the horizontal shear requirements for full composite action, the ef- 
fective section modulus shall be determined as 

where 

Vh and VA are as defined in Sect. I4 
Ss = section modulus of the steel beam referred to its bottom flange, 

in.3 
S, = section modulus of the transformed composite section referred to 

its bottom flange, based upon maximum permitted effective width 
of concrete flange (Sect. Il),  in.3 

For composite beams constructed without temporary shoring, stresses in the 
steel section shall not exceed 0.90&. Stresses shall be computed assuming 
the steel section alone resists all loads applied before the concrete has 
reached 75% of its required strength and the effective composite section re- 
sists all loads applied after that time. 

The actual section modulus of the transformed composite section shall be 
used in calculating the concrete exural compression stress and, for con- 
struction without temporary shores, this stress shall be based upon loading 
applied after the con has reached 75% of its required strength. The 
stress in the concrete not exceed 0.45fL. 



m e  web and the end connections of the steel eam shall be designed to carry 
the total reaction. 

Except in the case of encased beams, as defined in Sect. 12.1, the entire hori- 
zontal shear at the junction of the steel beam and the concrete slab shall be as- 
sumed to be transferred by shear connectors welded to the top flange of the 
beam and embedded in the concrete. For full composite action with concrete 
subject to flexural compression, the total horizontal shear to be resisted be- 
tween the point of maximum positive moment and points of zero moment shall 
be taken as the smaller value using Equations (14-1) and (14-2): 

and 

where 
f,' = specified compression strength of concrete, ksi 
A, = actual area of effective concrete flange defined in Sect. 11, in.2 
A, = area of steel beam, in.2 

In continuous composite beams where longitudinal reinforcing steel is consid- 
ered to act compositely with the steel beam in the negative moment regions, 
the total horizontal shear to be resisted by shear connectors between an inte- 
rior support and each adjacent point of contraflexure shall be taken as 

Vh = F,,A,,/2 (14-3) 

where 
A,, = total area of longitudinal reinforcing steel at the interior support lo- 

cated within the effective flange width specified in Sect. 11, in.' 
F,, = specified minimum yield stress of the longitudinal reinforcing steel, 

ksi 

For full composite action, the number of connectors resisting the horizontal 
shear, V,, each side of the point of maximum moment, shall not be less than 
that determined by the relationship Vh/q, where q, the allowable shear load for 
one connector, is given in Table 14.1 for flat soffit concrete slabs made with 
A S m  C33 aggregates. For flat soffit concrete slabs made with rotary kiln pro- 
duced aggregates, conforming to AS C330 with concrete unit weight not 
less than 90 pcf, the allowable shear load for one connector is obtained by mul- 
tiplying the values from Table 14.1 by the coefficient from Table 14.2. 

For partial composite action with concrete subject to flexural compression, the 
horizontal shear VL to be used in computing Sefl shall be taken as the product 

*The term l/z F,,A: shall be added to the right-hand side of Equation (14-1) if longitudinal reinforcing 
steel with area AJ located within the effective width of the concrete flange is included in the proper- 
ties of the composite section. 



Sect. I 41 S 5-59 

of q times the number of connectors furnished between the point of maximum 
moment and the nearest point of zero moment. 

The value of VA shall not be less than % the smaller value of Equation (14-I), 
using the maximum permitte effective width of the concrete flange, or Equa- 
tion (14-2). The effective moment of inertia for deflection computations shall 
be determined by: 

where 

I, = moment of inertia of the steel beam, in.4 
I, = moment of inertia of the transformed composite section, in.4 

e connectors required each side of the point of maximum moment in an area 
of positive bending may be uniformly distributed between that point and adja- 
cent points of zero moment, except that N2, the number of shear connectors 

Shear Lo 

ConnectoP 

%" dia. x 3%" hooked or headed stud 

r studs longer than shown. 



between any concentrate in that area and the nearest point of 
zero moment, shall be not less than that detemined by Equation (14-5). 

where 
M = moment (less than the maximum moment) at a concentrated load 

point 

N,  = number of connectors required between point of maximum moment 
and point of zero moment, determined by the relationship Vh/q or 
VLlq, as applicable 

s, seff p = - or -, as applicable 
s s  s s  

For a continuous beam, connectors required in the region of negative bending 
y distributed between the point of maximum moment and each 

point of zero moment. 

Shear connectors shall have at least 1 in. of lateral concrete cover, except for 
connectors installed in the ribs of formed steel decks. Unless located directly 
over the web, the diameter of studs shall not be greater than 2% times the 
thickness of the flange to which they are welded. The minimum center-to- 
center spacing of stud connectors shall be 6 diameters along the longitudinal 
axis of the supporting composite beam and 4 diameters transverse to the longi- 
tudinal axis of the supporting composite beam. The maximum center-to-center 
spacing of stud connectors shall not exceed 8 times the total slab thickness. 

Composite construction of concrete slabs on formed steel deck connected to 
steel beams or girders shall be designed by the applicable portions of Sects. I1 
through 14, with the following modifications. 

1. General 

1. Section 15 is applicable to decks wit nominal rib height not greater than 3 
inches. 

2. The average width of concrete rib or haunch w, shall be not less than 2 in., 
but shall not be taken in calculations as more than the minimum clear width 
near the top of the steel deck. See Sect. 15.3, subparagraphs 2 and 3, for ad- 
ditional provisions. 

3. The concrete slab shall be connected to the steel beam or girder with welded 
stud shear connectors % in. or less in diameter (AWS D1.1, Sect. 7, Part F). 
Studs may be welded through the deck or directly to the steel member. 

4. Stud shear connectors shall extend not less than 11/2 in. above the top of the 
steel deck after installation. 

5. The slab thickness above the steel deck shall be not less than 2 in. 

1. Concrete below the top of the steel deck shall be neglected when determin- 
ing section properties and in calculating A, for Equation (14-1). 
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2. The spacing of stud shear connectors along the length of a supporting beam 
or girder shall not exceed 36 in. 

3. The allowable horizontal shear load per stud connector q shall be the value 
stipulated in Sect. I4 (Tables 14.1 and 14.2) multiplied by the following re- 
duction factor: 

where 

h, = nominal rib height, in. 
H, = length of stud connector after welding, in., not to exceed the value 

(h, + 3) in computations, although the actual length may be 
greater 

N, = number of stud connectors on a beam in one rib, not to exceed 3 
in computations, although more than 3 studs may be installed. 

w, = average width of concrete rib, in. (see Sect. 15.1, subparagraph 2) 
4. To resist uplift, the steel deck shall be anchored to all compositely designed 

steel beams or girders at a spacing not to exceed 16 in. Such anchorage may 
be provided by stud connectors, a combination of stud connectors and arc 
spot (puddle) we1 er devices specified by the designer. 

1. Concrete below the top of the steel deck may be included when determining 
section properties and shall be included in calculating A, for Equation 
(14-1). 

2. Steel deck ribs over supporting beams or girders may be split longitudinally 
and separated to form a concrete haunch. 

3. When the nominal depth of steel deck is 1% in. or greater, the average 
width w, of the supported haunch or rib shall be not less than 2 in. for the 
first stud in the transverse row plus 4 stud diameters for each additional 
stud. 

4. The aallowable horizontal shear load per stud connector q shall be the value 
stipulated in Sect. I4 (Tables 14.1 and I4.2), except when the ratio w,lh, is 
less than 1.5, the allowable load shall be multiplied by the following reduc- 
tion factor: 

where h, and H, are as defined in Sect. 15.2 and w, is the average width of 
concrete rib or haunch (see Sect. 5.1, subparagraph 2, and Sect. 15.3, sub- 
paragraph 3). 

When composite construction oes not conform to the requirements of Sects. 
11 through 15, the allowable load per shear connector must be established by 
a suitable test program. 



This chapter applies to connections consisting of connecting elements (plates, 
stiffeners, gussets, angles, brackets) and connectors (welds, bolts, rivets). 

Connections shall be proportioned so that the calculated stress is less than the 
allowable stress determined (1) by structural analysis for loads acting on the 
structure or (2) as a specified proportion of the strength of the connected mem- 
bers, whichever is appropriate. 

Except as otherwise indicated in the design documents, connections of beams, 
girders or trusses shall be designed as flexible and ordinarily may be propor- 
tioned for the reaction shears only. Flexible beam connections shall accommo- 
date end rotations of unrestrained (simple) beams. To accomplish this, inelas- 
tic deformation in the connection is permitted. 

End connections of restrained beams, girders and trusses shall be designed for 
the combined effect of forces resulting from moment and shear induced by the 
rigidity of the connections. 

When columns bear on bearing plates or are finished to bear at splices, there 
shall be sufficient connectors to hold all parts securely in place. 

en other compression members are finished to bear, the splice material and 
its connectors shall be arranged to hold all parts in line and shall be propor- 
tioned for 50% of the strength of the member. 

All compression joints shall be proportioned to resist any tension developed by 
the specified lateral loads acting in conjunction with 75% of the calculated 
dead-load stress and no live load. 

resslon Members in Trusses 

The connections at ends of tension or compression members in trusses shall de- 
velop the force due to the design load, but not less than 50% of the effective 
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strength of the member, unless a smaller percentage is justified by engineering 
analysis that considers other factors including handling, shipping and erection. 

. Mini Connections 

Connections carrying calculated stresses, except for lacing, sag bars and girts, 
shall be designed to support not less than 6 kips. 

ctian 

This section applies to ASTM A6 Group 4 and 5 rolled shapes, or shapes built- 
up by welding plates more than 2 in. thick together to form the cross section*, 
and where the cross section is to be spliced and subject to primary tensile 
stresses due to tension or flexure. 

When tensile forces in these sections are to be transmitted through splices by 
full-penetration groove welds, material notch-toughness requirements as given 
in Sect. A3.lc, weld access holes details as given in Sect. J1.8, compatible 
welding procedures as given in Sect. 52.6, welding preheat requirements as 
given in Sect. 52.7 and thermal cut surface preparation and inspection require- 
ments as given in Sect. M2.2 apply. 

At tension splices in these sections, weld tabs and backing shall be removed 
and the surfaces ground smooth. 

When splicing these sections, and where the section is to be used as a primary 
compression member, all weld access holes required to facilitate groove weld- 
ing operations shall satisfy the provisions of Sect. 51.8. 

Alternatively, splicing of such members subject to compression, including 
members which are subject to tension due to wind or seismic loads, may be ac- 
complished using splice details which do not induce large weld shrinkage 
strains such as partial-penetration flange groove welds with fillet-welded sur- 
face lap plate splices on the web, or with bolted or combination boltedlfillet- 
welded lap plate splices. 

A11 weld access holes required to facilitate welding operations shall have a 
length from the toe of the weld preparation not less than 1% times the thick- 
ness of the material in which the hole is made. The height of the access hole 
shall be adequate for deposition of sound weld metal in the adjacent plates and 
provide clearance for weld tabs. In hot rolled shapes and built-up shapes, all 
beam copes and weld access holes shall be shaped free of notches or sharp re- 
entrant corners except that, when fillet web-to-flange welds are used in built-up 
shapes, access holes are permitted to terminate perpendicular to the flange. 

For Group 4 and 5 shapes and built-up shapes of material more than 2 in. thick, 
the thermally cut surfaces of beam copes and weld access holes shall be ground 

*When the individual elements of the cross section are spliced prior to being joined to form the cross 
section in accordance with AWS D1.1, Article 3.4.6, the applicable provisions of AWS D1.l apply 
in lieu of the requirements of this Section. 
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to bright metal and inspected by either magnetic particle or dye penetrant 
methods. If the curved transition ortion of weld access holes and beam copes 
are formed by predrilled or sawed holes, that portion of the access hole or cope 
need not be ground. Weld access holes and beam copes in other shapes need 
not be ground nor inspected by dye penetrant or magnetic particle. 

Groups of welds, bolts or rivets at the ends of any member which transmit axial 
stress into that member shall be sized so the center of gravity of the group coin- 
cides with the center of gravity of the member, unless provision is made for the 
eccentricity. The foregoing provision is not applicable to end connections of 
statically loaded single-angle, double-angle and similar members. Eccentricity 
between the gravity axes of such members and the gage lines for their riveted 
or bolted end connections may be neglected in statically loaded members, but 
shall be considered in members subject to fatigue loading. 

See Sect. 53.10 for placement of fasteners in built-up members made of weather- 
ing steel. 

tisn 

In new work, A307 bolts or high-strength bolts used in bearing-type connec- 
tions shall not be considered as sharing the stress in combination with welds. 
Welds, if used, shall be provided to carry the entire stress in the connection. 
High-strength bolts proportioned for slip-critical connections may be consid- 
ered as sharing the stress with the welds. 

In making welded alterations to structures, existing rivets and high-strength 
bolts tightened to the requirements for slip-critical connections are permitted 
for carrying stresses resulting from loads present at the time of alteration, and 
the welding need be adequate to carry only the additional stress. 

In both new work and alterations, high-strength bolts in slip-critical connec- 
tions may be considered as sharing the load with rivets. 

Fully-tensioned high-strength bolts (see Table 53.7) or welds shall be used for 
the following connections: 

Column splices in all tier structures 200 ft or more in height 
Column splices in tier structures 100 to 200 ft in height, if the least horizontal 

dimension is less than 40% of the height 
Column splices in tier structures less than 100 ft in height, if the least hori- 

zontal dimension is less than 25% of the height 
Connections of all beams and girders to columns and of any other beams and 

girders on which the bracing of columns is dependent, in structures over 
125 ft in height 
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In all structures carrying cranes of over 5-ton capacity: roof truss splices and 
connections of trusses to columns, column splices, column bracing, knee 
braces and crane supports 

Connections for supports of running machinery or of other live loads which 
produce impact or reversal of stress 

Any other connections stipulated on the design plans. 

In all other cases, connections may be made with high-strength bolts tightened 
to the snug-tight condition or 

For the purpose of this section, the height of a tier structure shall be taken as 
the vertical distance from the curb level to the highest point of the roof beams 
in the case of flat roofs, or to mean height of the gable in the case of roofs 
having a rise of more than 12. Where the curb level has not been estab- 
lished, or where the structure does not adjoin a street, the mean level of the ad- 
joining land shall be used instead of curb level. Penthouses may be excluded in 
computing the height of t 

ions of the American Welding Society Structural Welding Code- 
S Dl .  1, except Sects. 2.3.2.4, 2.5, 8.13.1, 9, and 10, apply to work 

performed under this Specification. 

eetive Are 

The effective area of groove welds shall be considered as the effective length 
of the weld times the effective throat thickness. 

e effective length of a groove weld shall be the width of the part joined. 

The effective throat thickness of a complete-penetration groove weld shall be 
the thickness of the thinner part joined. 

The effective throat thickness of a partial-penetration groove weld shall be as 
shown in Table 52.1. 

The effective throat thickness of a are groove weld when flush to the surface 
of a bar or 90" bend in a formed section shall be as shown in Table 52.2. Ran- 
dom sections of production we ds for each welding procedure, or such test sec- 
tions as may be required by design documents, shall be used to verify that the 
effective throat is consistently obtained. 

Larger effective throat thicknesses than those in Table 52.2 are permitted, pro- 
vided the fabricator can establish by qualification that he can consistently pro- 
vide such larger effective t roat thicknesses. Qualification shall consist of sec- 
tioning the weld no al to its axis, at mid-length and terminal ends. Such 



r of combinations of material sizes r 
the fabrication or as required by th 

signer. 

The minimum effective throat t ness of a partial-penetration groove weld 
shall be as shown in Table 52.3 imum effective throat thickness is deter- 
mined by the thicker of the two parts joined, except that the weld size need not 
exceed the thickness of the thinnest part joined. For this exception, particular 
care shall be taken to provide sufficient preheat for soundness of the weld. 

Welding Welding Included Angle at Effective Throat 
Process Position Root of Groove Thickness 

I Shielded metal arc 1 I J or U joint I 
Submerged arc Depth of chamfer 

All 
Bevel or V joint 

Gas metal arc 2 60" 

Flux-cored arc Bevel or V joint Depth of chamfer 
< 60" but 2 45" minus %-in. 

Flare bevel groove I All I 
Flare V-groove All 

Mi Thi of 
ove 

Material Thickness of Thicker 
Part Joined (in.) 

To 1/4 inclusive 
Over to l/2 

Over lh to 3/4 
Over 3/4 to 1 lh 
Over 1% to 2% 
Over 2% to 6 
Over 6 

Minimum Effective Throat 
Thicknessa (in.) 

'/'a 

3/16 
'h 
71 6 

% 
'h 
% 
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The effective area of fillet welds shall be taken as the effective length times the 
effective throat thickness. 

The effective length of fillet welds, except fillet welds in holes and slots, shall 
be the overall length of full-size fillets, including returns. 

The effective throat thickness of a fillet weld shall be the shortest distance from 
the root of the joint to the face of the diagrammatic weld, except that for fillet 
welds made by the submerged arc process, the effective throat thickness shall 
be taken equal to the leg size for %-in. and smaller fillet welds, and equal to 
the theoretical throat plus 0.11-in. for fillet welds larger than %-in. 

For fillet welds in holes and slots, the effective length shall be the length of the 
centerline of the weld along the center of the plane through the throat. In the 
case of overlapping fillets, the effective area shall not exceed the nominal cross- 
sectional area of the hole or slot in the plane of the faying surface. 

b. Limitations 

The minimum size of fillet welds shall be as shown in Table 52.4. Minimum 
weld size is depedent upon the thicker of the two parts joined, except that the 
weld size need not exceed the thickness of the thinner part. For this exception, 
particular care shall be taken to provide sufficient preheat for soundness of the 
weld. Weld sizes larger than the thinner part joined are permitted if required 
by calculated strength. In the as-welded condition, the distance between the 
edge of the base metal and the toe of the weld may be less than ?&in. pro- 
vided the weld size is clearly verifiable. 

The maximum size of fillet welds that is permitted along edges of connected 
parts shall be: 

Material less than %-in. thick, not greater than the thickness of the ma- 
terial. 
Material %-in. or more in thickness, not greater than the thickness of 
the material minus ?&in., unless the weld is especially designated on 
the drawings to be built out to obtain full-throat thickness. 



The minimum effective length offillet welds designed on the basis of strengt 
shall be not less than 4 times the nominal size, or else the size of the weld shall 
be considered not to exceed 1/4 of its effective length. If longitudinal fillet welds 
are used alone in end connections of flat bar tension members, the length of 
each fillet weld shall be not less than the perpendicular distance between them. 
The transverse spacing of longitudinal fillet welds used in end connections of 
tension members shall not exceed 8 in., unless the member is designed on the 
basis of effective net area in accordance with Sect. B3. 

Intermittentfillet welds are permitted to transfer calculated stress across a joint 
or faying surfaces when the strength required is less than that developed by a 
continuous fillet weld of the smallest permitted size, and to join components of 
built-up members. The effective length of any segment of intermittent fillet 
welding shall be not less than 4 times the weld size, with a minimum of 
1% in. 

In lap joints, the minimum lap shall be 5 times the thickness of the thinner part 
joined, but not less than 1 in. Lap joints joining plates or bars subjected to 
axial stress shall be fillet welded along the end of both lapped parts, except 
where the deflection of the lapped parts is sufficiently restrained to prevent 
opening of the joint under maximum loading. 

Fillet welds in holes or slots are permitted to transmit shear in lap joints or to 
prevent the buckling or separation of lapped parts and to join components of 
built-up members. Such fillet welds may overlap, subject to the provisions of 
Sect. 52. Fillet welds in holes or slots are not to be considered plug or slot 
welds. 

Side or end fillet welds terminating at ends or sides, respectively, of parts or 
members shall, wherever practicable, be returned continuously around the cor- 
ners for a distance not less than 2 times the nominal size of the weld. This pro- 
vision shall apply to side and top fillet welds connecting brackets, beam seats 
and similar connections, on the plane about which bending moments are com- 
puted. For framing angles and simple end-plate connections which depend 
upon flexibility of the outstanding legs for connection flexibility, end returns 
shall not exceed four times the nominal size of the weld. Fillet welds which 
occur on opposite sides of a common plane shall be interrupted at the corner 
common to both welds. End returns shall be indicated on the design and detail 
drawings. 

The effective shearing area of plug and slot welds shall be considered as the 
nominal cross-sectional area of the hole or slot in the plane of the faying sur- 
face. 

Plug or slot welds are permitted to transmit shear in lap joints or to prevent 
buckling of lapped parts and to join component parts of built-up members. 
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The diameter of the hole for a plug weld shall not be less than the thickness of 
the part containing it plus %-in., rounded to the next larger odd %6-in., nor 
greater than the minimum diameter plus %-in. or 2% times the thickness of 
the weld. 

The minimum c.-to-c. spacing of plug welds shall be four times the diameter of 
the hole. 

The minimum spacing of lines of slot welds in a direction transverse to their 
length shall be 4 times the width of the slot. The minimum c.-to-c. spacing in 
a longitudinal direction on any line shall be 2 times the length of the slot. 

The length of slot for a slot weld shall not exceed 10 times the thickness of the 
weld. The width of the slot shall be not less than the thickness of the part con- 
taining it plus ?&-in., rounded to the next larger odd %+in., nor shall it be 
larger than 2% times the thickness of the weld. The ends of the slot shall be 
semicircular or shall have the corners rounded to a radius not less than the 
thickness of the part containing it, except those ends which extend to the edge 
of the part. 

The thickness of plug or slot welds in material %-in. or less in thickness shall 
be equal to the thickness of the material. In material over %-in. thick, the 
thickness of the weld shall be at least 1/2 the thickness of the material but not 
less than %-in. 

Except as modified by the provisions of Sect. K4, welds shall be proportioned 
to meet the stress requirements given in Table 52.5. 

If two or more of the general types of weld (groove, fillet, plug, slot) are com- 
bined in a single joint, the effective capacity of each shall be separately com- 
puted with reference to t e axis of the group in order to determine the allowa- 
ble capacity of the combination. 

en notch-toughness is specified, the process consumables for all weld metal, 
tack welds, root pass and subsequent passes, deposited in a joint shall be com- 
patible to assure notch-tough composite weld metal. 

For ASTM A6 Group 4 and 5 shapes and welded built-up members made of 
plates more than 2 in. thick, a preheat equal to or greater than 350°F shall be 
used when making groove weld splices. 



!low tress 

Strength Levelb," 

Complete-penetration Groove Welds 

Tension normal to Same as base metal "Matching" weld metal shall 
effective area be used. 

Compression normal to 
effective area ----- 
Tension or compression 
parallel to axis of weld 

Shear on effective area 

Same as base metal I 
Weld metal with a strength 

Same as base metal level equal to or less than 
"matching" weld metal is 
permitted. 

0.30 x nominal tensile 
strength of weld metal (ksi) 

Partial-penetration Groove Weldsd -- -----I----- I 

Compression normal to Same as base metal 
effective area 

Tension or compression Same as base metal 
parallel to axis of weld8 Weld metal with a strength 

Shear parallel to axis of 0.30 x nominal tensile level equal to or less than 
"matching" is 
permitted. 

Tension normal to effective 
area 

0.30 x nominal tensile 

Fillet Welds 

Shear on effective area 0.30 x nominal tensile Weld metal with a strength 
strength of weld metal (ksi) level equal to or less than 

"matching" weld metal is 
Tension Parallel to or axis compression of welde -- Same as base metal permitted. 

Plug and Slot Welds 
I I 

Shear parallel to faying sur- 
faces (on effective area) 

0.30 x nominal tensile Weld metal with a strength 
strength of weld metal (ksi) level equal to or less than 

"matching" weld metal is 
permitted. 

"For definition of effective area, see Sect. J2. 
bFor "matching" weld metal, see Table 4.1 .l, AWS Dl . I .  
'Weld metal one strength level stronger than "matching" weld metal will be permitted. 
*See Sect. J2.1 b for a limitation on use of partial-penetration groove welded joints. 
eFillet welds and partial-penetration groove welds joining the component elements of built-up 
members, such as flange-to-web connections, may be designed without regard to the tensile or 
compressive stress in these elements parallel to the axis of the welds. 
'The design of connected material is governed by Chapters D through G. Also see Commentary 
Sect. J2.4, 



Sect. 331 BOLTS, THREADED PARTS AND RIVETS 

53. BOLTS, THREADED 

Except as otherwise provided in this Specification, use of high-strength bolts 
shall conform to the provisions of the Specification for Structural Joints Using 
ASTM A325 or A490 Bolts approved by the Research Council on Structural 
Connections of the Engineering Foundation (RCSC). 

If required to be tightened to more than 50% of their minimum specified ten- 
sile strength, ASTM A449 bolts in tension and bearing-type shear connections 
shall have an ASTM F436 hardened washer installed under the bolt head, and 
the nuts shall meet the requirements of ASTM A563. 

2. Size and Use of Holes 

a. The maximum sizes of holes for bolts are given in Table 53.1, except that 
larger holes, required for tolerance on location of anchor bolts in concrete 
foundations, are permitted in column base details. 

b. Standard holes shall be provided in member-to-member connections, unless 
oversized, short-slotted or long-slotted holes in bolted connections are ap- 
proved by the designer. Finger shims up to 1/4 in. may be introduced into 
slip-critical connections designed on the basis of standard holes without re- 
ducing the allowable shear stress of the fastener. 

c. Oversized holes are permitted in any or all plies of slip-critical connections, 
but they shall not be used in bearing-type connections. Hardened washers 
shall be installed over oversized holes in an outer ply. 

d. Short-slotted holes are permitted in any or all plies of slip-critical or bearing- 
type connections. The slots are permitted without regard to direction of 
loading in slip-critical connections, but the length shall be normal to the di- 
rection of the load in bearing-type connections. Washers shall be installed 
over short-slotted holes in an outer ply; when high-strength bolts are used, 
such washers shall be hardened. 

e. Long-slotted holes are permitted in only one of the connected parts of either 
a slip-critical or bearing-type connection at an individual faying surface. 
Long-slotted holes are permitted without regard to direction of loading in 
slip-critical connections, but shall be normal to the direction of load in 
bearing-type connections. Where long-slotted holes are used in an outer 
ply, plate washers or a continuous bar with standard holes, having a size suf- 

Hole Dimensions 
Bolt 
Dia. Standard Oversize Short-slot Long-slot 

(Dia.) (Dia.) (Width x length) (Width x length) 



ficient to completely cover the slot after installation, shall be provided. In 
high-strength bolted connections, such plate washers or continuous bars 
shall be not less than %+in. thick and shall be of structural grade material, 
but need not be hardened. If hardened washers are required for use of high- 
strength bolts, the hardened washers shall be placed over the outer surface 
of the plate washer or bar. 

f. When A490 bolts over 1-in. dia. are used in slotted or oversize holes in ex- 
ternal plies, a single hardened washer conforming to ASTM F436, except 
with X6-in. minimum thickness, shall be used in lieu of the standard 
washer. 

The effective bearing area of bolts, threaded parts and rivets shall be the diam- 
eter multiplied by the length in bearing, except that for countersunk bolts and 
rivets 1/2 the depth of the countersink shall be deducted. 

le Tension and S 

Allowable tension and shear stresses on bolts, threaded parts and rivets shall 
be as given in Table 53.2, in ksi of the nominal body area of rivets (before driv- 
ing) or the unthreaded nominal body area of bolts and threaded parts other 
than upset rods (see footnote c, Table J3.2). High-strength bolts supporting ap- 
plied load by direct tension shall be so proportioned that their average tensile 
stress, computed on the basis of nominal bolt area and independent of any ini- 
tial tightening force, will not exceed the appropriate stress given in Table 53.2. 
The applied load shall be the sum of the external load and any tension resulting 
from prying action produced by deformation of the connected parts. 

When specified by the designer, the nominal slip resistance for connections 
having special faying surface conditions may be increased to the applicable val- 
ues in the RCSC Spec$cation for Structural Joints Using ASTM A325 or A490 
Bolts. 

Finger shims up to %-in. may be introduced into slip-critical connections de- 
signed on the basis of standard holes without reducing the allowable shear 
stress of the fastener to that specified for slotted holes. 

Design for bolts, threaded parts and rivets subject to fatigue loading shall be in 
accordance with Appendix K4.3. 

Tension and Shear i 

Bolts and rivets subject to combined shear and tension shall be so proportioned 
that the tension stress F, in ksi on the nominal body area Ab produced by forces 
applied to the connected parts, shall not exceed the values computed from the 
equations in Table 53.3, where fv, the shear stress produced by the same forces, 
shall not exceed the value for shear given in Table 53.2. When allowable 
stresses are increased for wind or seismic loads in accordance with Sect. A5.2, 
the constants in the equations listed in Table 53.3 shall be increased by 1/3, but 
the coefficient applied to fv shall not be increased. 
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Sect. J3] 

Description of Fasteners 

A502, Gr. 1 ,  hot-driven rivets 
A502, Gr. 2 and 3, hot-driven 

rivets 
A307 bolts 
Threaded parts meeting the 

requirements of Sects. A3.1 
and A3.4 and A449 bolts 
meeting the requirements of 
Sect. A3.4, when threads are 
not excluded from shear planes 

Threaded parts meeting the 
requirements of Sects. A3.1 
and A3.4, and A449 bolts 
meeting the requirements of 
Sect. A3.4, when threads are 
excluded from shear planes 

A325 bolts, when threads are not 
excluded from shear planes 

A325 bolts, when threads are 
excluded from shear planes 

A490 bolts, when threads are not 
excluded from shear planes 

A490 bolts, when threads are 
excluded from shear planes 

Allow- 
able 

Tensions 
(6) 

Allowable Shear9 (E,) 

h0ll 

kansverse 
Load 

- 
larailel' 
Load 

Bearing- 
type 

Connec- 
tions' 

P. 

17.5' 

22.0' 
1 O.Ob~' 

3.17F,h 

J.22Fuh 

21 .of 

30.0' 

28.0' 

40.0' 

aStatic loading only. 
bThreads permitted in shear planes. 
'The tensile capacity of the threaded portion of an upset rod, based upon the cross-sectional 
area at its major thread diameter &, shall be larger than the nominal body area of the rod before 
upsetting times 0 .606 .  

dFor A325 and A490 bolts subject to tensile fatigue loading, see Appendix K4.3. 
"Class A (slip coefficient 0.33). Clean mill scale and blast-cleaned surfaces with Class A coat- 
ings. When specified by the designer, the allowable shear stress, 5, for slip-critical connections 
having special faying surface conditions may be increased to the applicable value given in the 
RCSC Specification. 

'When bearing-type connections used to splice tension members have a fastener pattern whose 
length, measured parallel to the line of force, exceeds 50 in., tabulated values shall be reduced 
by 20%. 

gSee Sect. A5.2 
hSee Table 2, Numerical Values Section for values for specific ASTM steel specifications. 
'For limitations on use of oversized and slotted holes, see Sect. J3.2. 
'Direction of load application relative to long axis of slot. 



For A325 and A490 bolts used in slip-critical connections, the maximum shear 
stress allowed by Table 53.2 shall be multiplied by the reduction factor ( 1  - 
f tAb/Tb),  where f, is the average tensile stress due to a direct load applied to all 
of the bolts in a connection and Tb is the pretension load of the bolt specified 
in Table 53.7. When allowable stresses are increased for wind or seismic loads 
in accordance with the provisions of Sect. A5.2, the reduced allowable shear 
stress shall be increased by %. 

On the projected area of bolts and rivets in shear connections with the end dis- 
tance in the line of force not less than 1% d and the distance c. to c. of bolts 
not less than 3d: 

1. In standard-or short-slotted holes with two or more bolts in the line of 
force, 

F, = 1.2 F, (53-1) 

where 

F' = allowable bearing stress, ksi 

2. In long-slotted holes with the axis of the slot perpendicular to the direc- 
tion of load and with two or more bolts in the line of force, 

On the projected area of the bolt or rivet closest to the edge in standard or 
short-slotted holes with the edge distance less than l%d and in all connections 
with a single bolt in the line of force: 

F, - L,Fu/2d r 1.2 F, (J 3-3) 

Threads Included in Threads Excluded 
from Shear Plane 

A307 bolts ---- w m  ----- --- 
I Threaded parts, I I I 



Sect. J3] ED PARTS AND RIVETS 5-75 

where, 

L, = distance from the free edge to center of the bolt, in. 
d = bolt dia., in. 

If deformation around the hole is not a design consideration and adequate 
spacing and edge distance is as required by Sects. 53.8 and J3.9, the following 
equation is permitted in lieu of Equation (53-1): 

F, - 1.5 F, (53-4) 

and the limit in Equation (53-3) shall be increased to 1.5FU. 

The distance between centers of standard, oversized or slotted fastener holes 
shall not be less than 2% times the nominal diameter of the fastener* nor less 
than that required by the following paragraph, if applicable. 

Along a line of transmitted forces, the distance between centers of holes s shall 
be not less than 3d when F, is determined by Equations (53-1) and (53-2). Oth- 
erwise, the distance between centers of holes shall not be less than the follow- 
ing: 

a. For standard holes: 

where 

P = force transmitted by one fastener to the critical connected part, 
kips 

Fu = specified minimum tensile strength of the critical connected 
part, ksi 

t = thickness of the critical connected part, in. 

b. For oversized and slotted holes, the distance required for standard 
holes in subparagraph a, (above), plus the applicable increment Cl 
from Table 53.4, but the clear distance between holes shall not be less 
than one bolt diameter. 

The distance from the center of a standard hole to an edge of a connected part 
shall be not less than the applicable value from Table 53.5 nor the value from 
Equation (J3-6), as applicable. 

Along a line of transmitted force, in the direction of the force, the distance 
from the center of a standard hole to the edge of the connected part L, shall 
be not less than I1hd when F, is determined by Equations (53-1) or (53-2). 
Otherwise the edge distance shall be not less than 

L, r 2P/& (53-6) 

where P, F,, t are defined in Sect, 53.8. 

*A distance of 36 is preferred. 



Mini 
(Center of Stan 

At Sheared 
Edges 

'/e 
1 '/a 
1 '/4 
1 '/zC 
1 3/qc 
2 
2% 

13/4 x Dia. 

At Roiled Edges of 
Plates, Shapes or Bars, 

Gas Cut or Saw-cut Edgesb 

3/4 

7/8 
1 
1 '/a 
1 l/4 

1 '/2 
1% 

11/4 x Dia. 

"For oversized or slotted holes, see Table J3.6. 
bAll edge distances in this column may be reduced l/e-in, when the hole is at a point where 
stress does not exceed 25% of the maximum design strength in the element. 

These may be 1 l/4 in. at the ends of beam connection angles. 

1 1 Slotted Holes 
Nominal Perpendicular 
Dia. of 

Fastener Oversized 
to Edge 

Parallel to 
(in.) Holes Short Slots Long Slotsa Edge 

5% 1/16 'h 

1 l/a '/a 3/4d 0 
I 

5 1  l/8 Ih % 6 

'When length of slot is less than maximum allowable (see Table J3.1), C2 may be reduced 
by one-half the difference between the maximum and actual slot lengths. 



Sect. J3] BOLTS, THREA ED PARTS AND R 5-77 

The distance from the center of an oversized or slotted hole to an edge of a 
connected part shall be not less than required for a standard hole plus the ap- 
plicable increment Cz from Table 53.6. 

The maximum distance from the center of any rivet or bolt to the nearest edge 
of parts in contact shall be 12 times the thickness of the connected part under 
consideration, but shall not exceed 6 in. Bolted joints in unpainted steel ex- 
posed to atmospheric corrosion require special limitations on pitch and edge 
distance. 

For unpainted, built-up members made of weathering steel which will be ex- 
posed to atmospheric corrosion, the spacing of fasteners connecting a plate and 
a shape or two-plate components in contact shall not exceed 14 times the thick- 
ness of the thinnest part nor 7 in., and the maximum edge distance shall not ex- 
ceed eight times the thickness of the thinnest part, or 5 in. 

ong Grips 

A307 bolts which carry calculated stress, with a grip exceeding five diameters, 
shall have their number increased 1% for each additional 1/16 in. in the grip. 

At beam end connections where the top flange is coped, and in similar situa- 
tions where failure might occur by shear along a plane through the fasteners, 
or by a combination of shear along a plane through the fasteners plus tension 
along a perpendicular plane: 

F, = 0.3OFu (54-1) 

Bolt Size, in. A325 Bolts 

'12 12 
% 19 
3/4 28 
?h 39 

1 51 
1 ' /s  56 
1 'h 71 
1 3h 85 
1 'h 

A490 Bolts 



acting on the net shear area A, and, 

F, = 0.5OFu (54-2) 

acting on the net tension area A,. 

The minimum net failure path on the periphery of welded connections shall be 
checked* 

This section applies to the design of connecting elements, such as stiffeners, 
gussets, angles and brackets and the panel zones of beam-to-column connec- 
tions. 

Eccentric Connections 

Intersecting axially stressed members shall have their gravity axes intersect at 
one point, if practicable; if not, provision shall be made for bending and shear- 
ing stresses due to the eccentricity. 

Allowable Shear 

For situations where failure might occur by shear along a plane through the 
fasteners, or by a combination of shear along a plane through the fasteners plus 
tension along a perpendicular plane, see Sect. J4. 

FILLERS 

In welded construction, any filler %-in. or more in thickness shall extend be- 
yond the edges of the splice plate and shall be welded to the part on which it 
is fitted with sufficient weld to transmit the splice plate stress, applied at the 
surface of the filler as an eccentric load. The welds joining the splice plate to 
the filler shall be sufficient to transmit the splice plate stress and shall be long 
enough to avoid overstressing the filler along the toe of the weld. Any filler less 
than 1/4-in. thick shall have its edges flush with the edges of the splice plate and 
the weld size shall be the sum of the size necessary to carry the splice plate 
stress plus the thickness of the filler plate. 

When bolts or rivets carrying computed stress pass through fillers thicker than 
%-in., except in slip-critical connections assembled with high-strength bolts, 
the fillers shall be extended beyond the splice material and the filler extension 
shall be secured by enough bolts or rivets to distribute the total stress in the 
member uniformly over the combined section of the member and the filler, or 
an equivalent number of fasteners shall be included in the connection. Fillers 
between %-in. and 3/4-in. thick, inclusive, need not be extended and devel- 
oped, provided the allowable shear stress in the bolts is reduced by the factor, 
0.4 (t-0.25), where t is the total thickness of the fillers, up to 3/4 in. 

*See Sects. B2 and Commentary Figs. GJ4.1, C-J4.2, C-J4.3 and C-J4.4. 
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Sect. J7] SPLICES 5-73 

Groove welded splices in plate girders and beams shall develop the full 
strength of the smaller spliced section. Other types of splices in cross sections 
of plate girders and beams shall develop the strength required by the stresses 
at the point of splice. 

On contact area of milled surfaces and ends of fitted bearing stiffeners; on pro- 
jected area of pins in reamed, drilled or bored holes: 

F, = 0.90GY (J8-1) 

Expansion rollers and rockers, kips per lin. in.: 

where d is the diameter of roller or rocker, in. 

Proper provision shall be made to transfer the column loads and moments to 
the footings and foundations. 

In the absence of code regulations the following stresses apply: 

On sandstone and limestone . . . . . . . . . . . . . . . . . . . . . .  FF = 0.40 ksi 
On brick in cement mortar . . . . . . . . . . . . . . . . . . . . . . .  F, = 0.25 ksi 

. . . . . . . . . . . . .  On the full area of a concrete support FF - 0.35f; 
On less than the full area of a 

concrete support. . . . . . . . . . . . . . . .  F,, == 0.35it;: G/A, 5 0.70x 

where 

f,' - specified compressive strength of concrete, ksi 
A,  - area of steel concentrically bearing on a concrete support, in.2 
A, = maximum area of the portion of the supporting surface that is 

geometrically similar to and concentric with the loaded area, in.' 

Anchor bolts shall be designed to provide resistance to all conditions on com- 
pleted structures of tension and shear at the bases of columns, including the net 
tensile components of any bending moment which may result from fixation or 
partial fixation of columns. 

*When parts in contact have different yield stresses, Fy shall be the smaller value. 
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This chapter covers member strength design considerations related to concen- 
trated forces, ponding, torsion, and fatigue. 

a1 to one flange and symmetric 
to the web shall have a flange and web proportioned to satisfy the local flange 
bending, web yielding strength, web crip g and sidesway web buckling crite- 
ria of Sects. K1.2, K1.3, K1.4 and K1.5. bers with concentrated loads ap- 
plied to both flanges shall have a web proportioned to satisfy the web yielding, 
web crippling and column web buckling criteria of Sects. K1.3, K1.4 and K1.6. 

ere pairs of stiffeners are provided on opposite sides of the web, at concen- 
trated loads, and extend at least half the depth of the member, Sects. K1.2 and 
K1.3 need not be checked. 

For column webs subject to high shears, see Sect. K1.7; for bearing stiffeners, 
see Sect. K1.8. 

A pair of stiffeners shall be provided opposite the tension flange or flange plate 
m or girder framing into the member when the thickness of the mem- 

where 

F,, = column yield stress, ksi 

Pbf = the computed force delivered by the ange or moment connection 
plate multiplied by %, when the computed force is due to live and 
dead load only, or by 4/3,* when the computed force is due to live and 
dead load in conjunction with wind or earthquake forces, kips 

If the length of loading measured across the member flange is less than 0.15b, 
where b is the member flange width, Equation (Kl-1) need not be checked. 

*Except where other codes may govern. For example, see Section 4(D) "Recommended Lateral 
Force Requirements and Commentary," Structurd Engineers Assoc. of California, 1975. 
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Sect. K I ]  WEBS AND FLA GES UNDER CONCENTRATED FORCES 5-81 

3. Local Web Yieldin 

Bearing stiffeners shall be provided if the compressive stress at the web toe of the 
fillets resulting from concentrated loads exceeds 0.66e. 

a. When the force to be resisted is a concentrated load producing tension or 
compression, applied at a distance from the member end that is greater 
than the depth of the member, 

b. When the force to be resisted is a concentrated load applied at or near the 
end of the member, 

where 
R = concentrated load or reaction, kips 
t ,  = thickness of web, in. 
N = length of bearing (not less than k for end reactions), in. 
k = distance from outer face of flange to web toe of fillet, in. 

Bearing stiffeners shall be provided in the webs of members under concen- 
trated loads, when the compressive force exceeds the following limits: 

a. When the concentrated load is applied at a distance not less than dl2 
from the end of the member: 

b. When the concentrated load is applied less than a distance dl2 from the 
end of the member: 

R = 3 4 ;  [I + 3 ($) (5-)l7 
where 

F,, = specified minimum yield stress of beam web, ksi 
d = overall depth of the member, in. 
tf = flange thickness, in. 

If stiffeners are provided and extend at least one-half the web depth, Equations 
(Kl-4) and (Kl-5) need not be checked. 

earing stiffeners shall be provided in the webs of members with flanges not re- 
strained against relative movement by stiffeners or lateral bracing and subject 
to concentrated compressive loads, when the compressive force exceeds the 
following limits: 



a. If the loaded flange is restrained against rotation and (dcltw)l(llbf) is less 
than 2.3: 

b. If the loaded flange is not restrained against rotation and (dc/t,)l(l/bf) is 
less than 1.7: 

where 
1 = largest laterally unbraced length along either flange at the point 

of load, in. 
bf = flange width, in. 
dc = d - 2k = web depth clear of fillets, in. 

Equations (Kl-6) and (Kl-7) need not be checked prcviding (dcltw)l(Nbf) ex- 
ceeds 2.3 or 1.7, respectively, or for webs subject to uniformly distributed 
load. 

For unstiffened portions of webs of members under concentrated loads to both 
flanges, a stiffener or a pair of stiffeners shall be provided opposite the compres- 
sion flange when the web depth clear of fillets dc is greater than 

4100 tw:dcc 

where 
Pbf 

t, = thickness of column web, in. 

Compression Members wit ubject to High Shear 

Members subject to high shear stress in the web should be checked for con- 
formance with Sect. F4. * 

ments for Concentrat 

Stiffeners shall be placed in pairs at unframed ends or at points of concentrated 
loads on the interior of beams, girders or columns if required by Sect. K1.2 
through K1.6, as applicable. 

If required by Sects. K1.2, K1.3 or Equation (Kl-9), stiffeners need 
not extend more than one-half the depth of the web, except as follows: 

If stiffeners are required by Sects. K1.4 or K1.6, the stiffeners shall be designed 
as axially compressed members (columns) in accordance with requirements of 
Sect. E2 with an effective length equal to 0.75h, a cross section composed of 
two stiffeners and a strip of the web having a width of 29, at interior stiffeners 
and 12tw at the ends of members. 

When the load normal to the flange is tensile, the stiffeners shall be welded to 

*See Commentary Sect. E6. 
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Sect. Kl] WEBS A 
the loaded flange. When the load normal to the flange is compressive, the stiff- 
eners shall either bear on or be welded to the loaded flange. 

W e n  flanges or moment connection plates for end connections of beams and 
girders are welded to the flange of an I- or -shape column, a pair of column- 
web stiffeners having a combined cross-sectional area A,, not less than that 
computed from Equation (Kl-9) shall be provided whenever the calculated 
value of A, is positive. 

where 
Fyst = stiffener yield stress, ksi 
k = distance between outer face of column flange and web toe of its 

fillet, if column is a rolled shape, or equivalent distance if col- 
umn is a welded shape, in. 

tb = thickness of flange or moment connection plate delivering con- 
centrated force, in. 

Stiffeners required by the provisions of Equation (Kl-9) and Sects. K1.2 and 
K1.6 shall comply with the following criteria: 

1. The width of each stiffener plus 1/2 the thickness of the column web 
shall be not less than % the width of the flange or moment connec- 
tion plate delivering the concentrated force. 

2. The thickness of stiffeners shall be not less than one-half the thick- 
ness of the flange or plate delivering the concentrated load.* 

3. The weld joining stiffeners to the column web shall be sized to carry 
the force in the stiffener caused by unbalanced moments on opposite 
sides of the column. 

The roof system shall be investigated by structural analysis to assure adequate 
strength and stability under ponding conditions, unless the roof surface is pro- 
vided with sufficient slope toward points of free drainage or adequate individ- 
ual drains to prevent the accumulation of rainwater. 

The roof system shall be considered stable and not requiring further investiga- 
tion if: 

Cp + 0.9Cs 5 0.25 (K2-1) 

and Id 2 25 (S4)1OP6 (K2-2) 

where 

Lp = column spacing in direction of girder (length of primary members), 
ft 

*See Commentary Sect. K1 for comment on width-thickness ratio for stiffeners. 



L, = column spacing penpendicular to direction of girder (length of secon- 
dary members), ft 

S = spacing of secondary members, ft 
I, = moment of inertia of primary members, in.4 
I, = moment of inertia of secondary members, in.4 
I, = moment of inertia of the steel deck supported on secondary mem- 

bers, in.4 per ft 

For trusses and steel joists, the moment of inertia I, shall be decreased 15% 
when used in the above equation. A steel deck shall be considered a secondary 
member when it is directly supported by the primary members. 

Total bending stress due to dead loads, gravity live loads (if any) and ponding 
shall not exceed 0.80Fy for primary and secondary members. Stresses due to 
wind or seismic forces need not be included in a ponding analysis. 

The effects of torsion shall be considered in the design of members and the nor- 
mal and shearing stresses due to torsion shall be added to those from all other 
loads, with the resultants not exceeding the allowable values. 

Members and their connections subject to fatigue loading shall be propor- 
tioned in accordance with the provisions of Appendix K4. 

Few members or connections in conventional buildings need to be designed for 
fatigue, since most load changes in such structures occur only a small number 
of times or produce only minor stress fluctuations. The occurrence of full de- 
sign wind or earthquake loads is too infrequent to warrant consideration in fa- 
tigue design. However, crane runways and supporting structures for machinery 
and equipment are often subject to fatigue loading conditions. 



This chapter provides design guidance for serviceability considerations not cov- 
ered elsewhere. Serviceability is a state in which the function of a building, its 
appearance, maintainability, durability and comfort of its occupants are pre- 
served under normal usage. 

Limiting values of structural behavior to ensure serviceability (e.g., maximum 
deflections, accelerations, etc.) shall be chosen with due regard to the intended 
function of the structure. 

bl. CAM 

If any special camber requirements are necessary to bring a loaded member 
into proper relation with the work of other trades, the requirements shall be set 
forth in the design documents. 

Trusses of 80 ft or greater span generally shall be cambered for approximately 
the dead-load deflection. Crane girders of 75 ft or greater span generally shall 
be cambered for approximately the dead-load deflection plus lh the live-load 
deflection. 

Beams and trusses detailed without specified camber shall be fabricated so that 
after erection any camber due to rolling or shop assembly shall be upward. If 
camber involves the erection of any member under a preload, this shall be 
noted in the design documents. 

Provision shall be made for expansion and contraction appropriate to the ser- 
vice conditions of the structure. 

1. Deflection 

Beams and girders supporting floors and roofs shall be proportioned with due 
regard to the deflection produced by the design loads. Beams and girders sup- 
porting plastered ceilings shall be so proportioned that the maximum live-load 
deflection does not exceed %60 of the span. 

2. Vibration 

Beams and girders supporting large open floor areas free of partitions or other 
sources of dainping shall be esigned with due regard for vibration. 



TI 

For the design of slip-resistant connections see Sect. 53. 

When appropriate, structural components shall be designed to tolerate corro- 
sion or shall be protected against corrosion that impairs the strength or semice- 
ability of the structure. 

Where beams are exposed they shall be sealed against corrosion of interior sur- 
faces or spaced sufficiently far apart to permit cleaning and painting. 



Shop drawings giving complete information necessary for the fabrication of the 
component parts of the structure, including the location, type and size of all 
welds, bolts and rivets, shall be prepared in advance of the actual fabrication. 
These drawings shall clearly distinguish between shop and field welds and bolts 
and shall clearly identify type of high-strength bolted connection (snug-tight or 
fully-tightened bearing, or slip-critical). 

Shop drawings shall be made in conformity with the best practice and with due 
regard to speed and economy in fabrication and erection. 

Cambering, Curvin 

Local application of heat or mechanical means are permitted to introduce or 
correct camber, curvature and straightness. The temperature of heated areas, 
as measured by approved methods, shall not exceed 1050°F for A852 steel, 
1100°F for A514 steel nor 1200°F for other steels. The same limits apply for 
equivalent grades of A709 steels. 

Thermal Cuttin 

Thermally cut free edges which will be subject to substantial tensile stress shall 
be free of gouges greater than ?&-in. Gouges greater than %+in. deep and 
sharp notches shall be removed by grinding or repaired by welding. Thermally 
cut edges which are to have weld deposited upon them, shall be reasonably free 
of notches or gouges. 

All reentrant corners shall be shaped to a smooth transition. If specific contour 
is required, it must be shown on the contract documents. 

Beam copes and weld access holes shall meet the geometrical requirements of 
Sect. J1.8. Beam copes and weld access holes in AS A6 Group 4 and 5 
shapes and welded built-up shapes with material thickness greater than 2 in. 
shall be preheated to a temperature of not less than 150°F prior to thermal cut- 
ting. 

Planing of Edges 

Planing or finishing of sheared or thermally cut edges of plates or shapes will 
not be required unless s ecifically called for in the design documents or in- 
cluded in a stipulated edge preparation for welding. 



The technique of welding, the work pearance and quality of weids 
and the methods used in correcting nonconforming work shall be in accordance 
with "Sect. 3-Workmanship" and "Sect. 4-Technique" of the AWS Struc- 
tural Welding Code-Steel, D l .  1 .  

All parts of bolted members shall be pinned or bolted and held together rigidly 
while assembling. Use of a drift pin in bolt holes during assembling shall not 
distort the metal or enlarge the holes. Poor matching of holes shall be cause for 
rejection. 

If the thickness of the material is not greater than the nominal diameter of the 
bolt plus %-in., the holes may be punched. If the thickness of the material is 
greater than the nominal diameter of the bolt plus %-in., the holes shall be ei- 
ther drilled or sub-punched and reamed. The die for all sub-punched holes and 
the drill for all sub-drilled holes shall be at least ?&-in. smaller than the nomi- 
nal diameter of the bolt. Holes in A514 steel plates over %-in. thick shall be 
drilled. 

Surfaces of high-strength-bolted parts in contact with the bolt head and nut 
shall not have a slope of more than 1:20 with respect to a plane normal to the 
bolt axis. Where the surface of a high-strength- olted part has a slope of more 
than 1:20, a beveled washer shall be used to compensate for the lack of paral- 
lelism. High-strength-bolted parts shall fit solidly together when assembled and 
shall not be separated by gaskets or any other interposed compressible materi- 
als. 

The orientation of fully inserted finger shims, with a total thickness of not more 
than %in. within a joint, is independent of the direction of application of the 
load. 

When assembled, all joint surfaces, including surfaces adjacent to the bolt 
head and nut, shall be free of scale, except tight mill scale and shall be free of 
dirt or other foreign material. Burrs that would prevent solid seating of the 
connected parts in the snug-tight condition shall be removed. Contact surfaces 
within slip-critical connections shall be free of oil, paint, lacquer or other coat- 
ings, except as listed in Table 3 of the RCSC Specqcation for Structural Joints 
Using ASTM A325 or A490 Bolts. 

The use of high-strength bolts shall confonn to the requirements of the RCSC 
Spec$cation for Structural Joints Using ASTM A325 or A490 Bolts. 

Compression joints which depend on contact bearing as part of the splice ca- 
pacity shall have the bearing surfaces of individual fabricated pieces prepared 
by milling, sawing or other suitable means. 
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imensional Tolerances 

Dimensional tolerances shall be as permitted in the Code of Standard Practice 
of the American Institute of Steel Construction, Inc. 

Column bases and base plates shall be finished in accordance with the following 
requirements: 

a. Rolled steel bearing plates 2 in. or less in thickness are permitted without 
milling,* provided a satisfactory contact bearing is obtained; rolled steel 
bearing plates over 2 in. but not over 4 in. in thickness may be straight- 
ened by pressing, or if presses are not available, by milling for all bearing 
surfaces (except as noted in subparagraphs c. and d. of this section), to 
obtain a satisfactory contact bearing; rolled steel bearing plates over 4 in. 
thick shall be milled for all bearing surfaces (except as noted in subpara- 
graphs c. and d. of this section). 

b. Column bases other than rolled steel bearing plates shall be milled for all 
bearing surfaces (except as noted in subparagraphs c. and d. of this sec- 
tion). 

c. The bottom surfaces of bearing plates and column bases which are 
grouted to insure full bearing contact on foundations need not be milled. 

d. The top surfaces of base plates with columns full-penetration welded 
need not be pressed or milled. 

SHOP PAINTING 

General Requirements 

Shop painting and surface preparation shall be in accordance with the pro- 
visions of the Code of Standard Practice of the American Institute of Steel 
Construction, h c .  

Unless otherwise specified, steelwork which will be concealed by interior build- 
ing finish or will be in contact with concrete need not be painted. Unless specif- 
ically excluded, all other steelwork shall be given one coat of shop paint. 

Except for contact surfaces, surfaces inaccessible after shop assembly shall be 
cleaned and painted prior to assembly, if required by the design documents. 

Contact Surfaces 

Paint is permitted unconditionally in bearing-type connections. For slip-critical 
connections, the faying surface requirements shall be in accordance with the 
RCSC Specification for Structural Joints Using ASTM A325 or A490 Bolts, par- 
agraph 3.  (b) . 

- - - 

*See Commentary Sect. 18. 
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ces 

Machine-finished surfaces shall be protected against corrosion by a rust- 
inhibiting coating that can be removed prior to erection, or which has charac- 
teristics that make removal prior to erection unnecessary. 

Surfaces Adjacent to Field 

Unless otherwise specified in the design documents, surfaces within 2 in. of any 
field weld location shall be free of materials that would prevent proper welding 
or produce toxic fumes during welding. 

ERECT10 

Alignment of Column Bases 

Column bases shall be set level and to correct elevation with full bearing on 
concrete or masonry. 

racing 

The frame of steel skeleton buildings shall be carried up true and plumb within 
the limits defined in the Code of Standard Practice of the American Institute of 
Steel Construction. Temporary bracing shall be provided, in accordance with 
the requirements of the Code of Standard Practice, wherever necessary to take 
care of all loads to which the structure may be subjected, including equipment 
and the operation of same. Such bracing shall be left in place as long as may be 
required for safety. 

Wherever piles of material erection equipment or other loads are supported 
during erection, proper provision shall be made to take care of stresses result- 
ing from such loads. 

Alignment 

No permanent bolting or welding shall be performed until as much of the struc- 
ture as will be stiffened thereby has been properly aligned. 

Fit of Column Compression Joints 

Lack of contact bearing not exceeding a gap of %,-in., regardless of the type of 
connection used (partial-penetration, groove-welded or bolted), shall be accept- 
able. If the gap exceeds X6-in., but is less than %-in., and if an engineering in- 
vestigation shows sufficient contact area does not exist, the gap shall be packed 
with non-tapered steel shims. Shims may be of mild steel, regardless of the 
grade of the main material. 

Field Welding 

Shop paint on surfaces adjacent to welds shall be wire-brushed to reduce paint 
film to a minimum. 
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Responsibility for touch-up painting, cleaning and field-painting shall be allo- 
cated in accordance with accepted local practices, and this allocation shall be 
set forth explicitly in the design documents. 

7. Field Connections 

As erection progresses, the work shall be securely bolted or welded to take 
care of all dead load, wind and erection stresses. 

The fabricator shall provide quality control procedures to the extent that he 
deems necessary to assure that all work is performed in accordance with this 
Specification. In addition to the fabricator's quality control procedures, rnate- 
rial and workmanship at all times may be subject to inspection by qualified in- 
spectors representing the purchaser. If such inspection by representatives of 
the purchaser will be required, it shall be so stated in design documents. 

1. Cooperation 

As far as possible, all inspection by representatives of the purchaser shall be 
made at the fabricator's plant. The fabricator shall cooperate with the inspec- 
tor, permitting access for inspection to all places where work is being done. 
The purchaser's inspector shall schedule his work for minimum interruption to 
the work of the fabricator. 

Material or workmanship not in reasonable conformance with the provisions of 
this Specification may be rejected at any time during the progress of the work. 
The fabricator shall receive copies of all reports furnished to the purchaser by 
the inspection agency. 

3. inspection of Wel 

The inspection of welding shall be performed in accordance with the provisions 
of Sect. 6 of the AWS Structural Welding Code-Steel, Dl. 1 .  

When nondestructive testing is required, the process, extent and standards of 
acceptance shall be defined clearly in the design documents. 

4. Inspection of Slip-critical, olted Connections 

The inspection of slip-critical, high-strength bolted connections shall be in ac- 
cordance with the provisions of the RCSC Allowable Stress Design SpeciJica- 
tion for Structural Joints Using ASTM A325 or A490 Bolts. 



The fabricator shall be able to demonstrate by a written procedure and by ac- 
tual practice a method of material application and identification, visible at least 
through the "fit-up" operation, of the main structural elements of a shipping 
piece. 

The identification method shall be capable of verifying proper material applica- 
tion as it relates to: 

1. Material specification designation 
2. Heat number, if required 
3. Material test reports for special requirements 



Subject to the limitations contained herein, simple and continuous beams, 
braced and unbraced planar rigid frames, and similar parts of structures rigidly 
constructed so as to be continuous over at least one interior support,* are per- 
mitted to be proportioned on the basis of plastic design, i.e., on the basis of 
their maximum strength. This strength, as determined by rational analysis, 
shall be not less than that required to support a factored load equal to 1.7 times 
the given live load and dead load, or 1.3 times these loads acting in conjunction 
with 1.3 times any specified wind or earthquake forces. 

gid frames shall satisfy the requirements for Type 1 construction in the plane 
of the frame, as provided in Sect. A2.2. This does not preclude the use of some 
simple connections, provided provisions of Sect. N3 are satisfied. Type 2 con- 
struction is permitted for members between rigid frames. Connections joining 
a portion of a structure designed on the basis of plastic behavior with a portion 
not so designed need be no more rigid than ordinary seat-and-top-angle or or- 
dinary web connections. 

here plastic design is used as the basis for proportioning continuous beams 
and structural frames, the provisions relating to allowable stress are waived. 
Except as modifie owever, all other pertinent provisions of 
Chapters A throug 

It is not recommended that crane runways be designed continuous over interior 
vertical supports on the basis of maximum strength. However, rigid frame 
bents supporting crane runways may be considered as coming within the scope 
of the rules. 

Structural steel shall conform to one of the following specifications: 

Structural Steel, AS 
High-strength Low-alloy Structural Steel, A S W  A242 
High-strength Low-alloy Structural Manganese Vanadium Steel, A S W  

A441 
Structural Steel with 42 ksi inimum Yield Point, ASTM A529 

w-alloy Columbium-Vanadium Steels of Structural Qual- 

ural Steel with 50 ksi Minimum Yield Point 
to 4-in. Thick, AS 88 

*As used here, "interior support" includes a rigid-frame knee formed by the junction of a column 
and a sloping or horizontal beam or girder. 
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is permitted to be deter- 
mined by a routine plastic analysis procedure and ignore the frame instability 
effect (PA). For braced multi-story frames, provisions shall be made to include 
the frame instability effect in the design of bracing system and frame members. 
For unbraced multi-story frames, the frame instability effect shall be included 
directly in the calculations for maximum strength. 

The vertical bracing system for a plastically designed braced multi-story frame 
shall be adequate, as determined by an analysis, to: 

1. Prevent buckling of the structure under factored gravity loads 
2. Maintain the lateral stability of the structure, including the overturning 

effects of drift, under factored gravity plus factored horizontal loads 

It is permitted to consider that the vertical bracing system functions together 
with in-plane shear-resisting exterior and interior walls, floor slabs and roof 
decks, if these walls, slabs and decks are secured to the structural frames. The 
columns, girders, beams and diagonal members, when used as the vertical 
bracing system, could be considered to comprise a vertical-cantilever, simply 
connected truss in the analyses for frame buckling and lateral stability. Axial 
deformation of all members in the vertical bracing system shall be included in 
the lateral stability analysis. The axial force in these members caused by fac- 
tored gravity plus factored horizontal loads shall not exceed 0.85Py, where P, 
is the product of yield stress times the profile area of the member. 

Girders and beams included in the vertical bracing system of a braced multi- 
story frame shall be proportioned for axial force and moment caused by the 
concurrent factored horizontal and gravity loads, in accordance with Equation 
(N4-21, with PC, taken as the maximum axial strength of the beam, based on 
the actual slenderness ratio between braced points in the plane of bending. 

The strength of an unbraced multi-story frame shall be determined by an 
analysis which includes the effect of frame instability and column axial defor- 
mation. Such a frame shall be designed to be stable under (1) factored gravity 
loads and (2) factored gravity loads plus factored horizontal loads. The axial 
force in the columns at factored load levels shall not exceed 0.75Py. 

In the plane of bending of columns which would develop a plastic hinge at ulti- 
mate loading, the slenderness ratio Nr shall not exceed Cc, defined in Sect. E2. 

The maximum strength of an axially loaded compression member shall be 
taken as 

PCr = 1.7FJ (N4-1) 

where A is the gross area of the member and F,, as defined by Equation 
(E2-I), is based upon the applicable slenderness ratio. 
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Members subject to combined axial load and bending moment shall be propor- 
tioned to satisfy the following interaction formulas: 

P M -+- 5 1.0; M 5 Mp 
P,, 1.18Mp 

in which 
M = maximum factored moment, kip-ft 
P = factored axial load, kips 
P, = Euler buckling load, kips 

= ( 2 3 / 1 2 ) F a ,  where Fi is as defined in Sect. H I .  
C,  = coefficient defined in Sect. HI. 
M ,  = maximum moment that can be resisted by the member in the ab- 

sence of axial load, kip-ft 
Mp = plastic moment, kip-ft 

= FYZ 
Z = plastic section modulus, in. 

For columns braced in the weak direction: 

Mm = Mpx 
For columns unbraced in the weak direction: 

Unless reinforced by diagonal stiffeners or a doubler plate, the webs of col- 
umns, beams and girders, including areas within the boundaries of the connec- 
tions, shall be so proportioned that 

where 
V = shear that would be produced by the required factored loading, kips 
d = depth of the member, in. 
t, = web thickness, in. 

Web stiffeners are required on a member at a point of load application where 
a plastic hinge would form. 

At points on a member where the concentrated load delivered by the flanges 
of a member framing into it would produce web crippling opposite the com- 
pression flange or high-tensile stress in the connection of the tension flange, 
web stiffeners are required in accordance with the provisions of 
Sect. K1.  



The width-thickness ratio for flanges of rolled W, M or S shapes and similar 
built-up, single-web shapes subjected to compression involving hinge rotation 
under ultimate loading shall not exceed the following values: 

FY , bfJ2t f  

The width-thickness ratio of similarly compressed flange plates in box sections 
and cover plates shall not exceed 1 9 0 1 m .  For this purpose, the width of a 
cover plate shall be taken as the distance between longitudinal lines of connect- 
ing rivets, high-strength bolts or welds. 

36 
42 
45 
50 
55 
60 
65 

The depth-thickness ratio of webs of members subject to plastic bending shall 
not exceed the value given by Equation (N7-1) or (N7-2), as applicable. 

8.5 
8.0 
7.4 
7.0 
6.6 
6.3 
6.0 

d 412 - P - - - (1 - 1.4:) when - 5 0.27 
t vq PY 

It is permitted to take the thickness of sloping flanges as their average thick- 
ness. 

d - 257 P 
t vq when - > 0.27 

PY 

All connections, the rigidity of which is essential to the continuity assumed as 
the basis of the analysis, shall be capable of resisting the moments, shears and 
axial loads to which they would be subjected by the full factored loading, or 
any probable partial distribution thereof. 

Corner connections (haunches) that are tapered or curved for architectural 
reasons shall be so proportioned that the full plastic bending strength of the 
section adjacent to the connection can be developed, if required. 

Stiffeners shall be used, as required, to preserve the flange continuity of inter- 
rupted members at their junction with other members in a continuous frame. 
Such stiffeners shall be placed in pairs on opposite sides of the web of the mem- 
ber which extends continuously through the joint. 

High-strength bolts, A307 bolts, rivets and welds shall be proportioned to re- 
sist the forces produced at factored load, using stresses equal to 1.7 times those 
given in Chapters A through M. In general, groove welds are preferable to fil- 
let welds, but their use is not mandatory. 



High-strength bolts are permitted in joints having painted contact surfaces 
when these joints are of such size that the slip required to produce bearing 
would not interfere with the formation, at factored loading, of the plastic 
hinges assumed in the design. 

embers shall be braced ade uately to resist lateral and torsional displace- 
ments at the plastic hinge locations associated with the failure mechanism. The 
laterally unsupported distance I,, from such braced hinge locations to similarly 
braced adjacent points on the member or frame shall not exceed the value de- 
termined from Equation (N9-I) or (N9-2), as applicable. 

I.. = + 25 when +1.0 > 
r~ FY 
l,, - 1375 M 

when -0.5 r - > -1.0 
r~ FY MP 

where 
r~ = radius of gyration of the member about its weak axis, in. 
M = lesser of the moments at the ends of the unbraced segment, kip-f 
MIM, = end moment ratio, positive when the segment is bent in reverse 

curvature and negative when bent in single curvature. 

The foregoing provisions need not apply in the region of the last hinge to form 
in the failure mechanism assumed as the basis for proportioning a given mem- 
ber, nor in members oriented with their weak axis normal to the plane of bend- 
ing. However, in the region of the last hinge to form, and in regions not adja- 
cent to a plastic hinge, the maximum distance between points of lateral support 
shall be such as to satisfy the requirements of Equations (Fl-5), (Fl-6), or 
(Fl-7), as well as Equations -1) and (HI-2). For this case, the values off, 
and fb shall be computed fro e moment and axial force at factored loading, 
divided by the applicable lo 

embers built into a masonry wall and having their web perpendicular to this 
wall can be assumed to be laterally supported with respect to their weak axis 
of bending. 

provisions of Chapters A through M with respect to workmanship shall 
rn the fabrication of structures, or portions of structures, designed on the 

basis of maximum strength, subject to the following limitations: 

1. The use of sheared edges shall be avoided in locations subject to plastic 
hinge rotation at factored loading. If used, they shall. be finished smooth 
by grinding, chipping or planing. 

2. In locations subject to plastic hinge rotation at factored loading, holes for 
olts in the tension area shall be sub-punched and reamed or 



Axially loaded members and flexural members containing elements subject to 
compression which have a width-thickness ratio in excess of the applicable 
noncompact value, as stipulated in Sect. 5.1 shall be proportioned according 
to this Appendix. 

The allowable stress of unstiffened compression elements whose width- 
thickness ratio exceeds the applicable noncompact value as stipulated in Sect. 
B5.1 shall be subject to a reduction factor Q,. The value of Q, shall be deter- 
mined by Equations (A-B5-1) through (A-B5-6), as applicable, where b is the 
width of the unstiffened element as defined in Sect. B5.1. When such elements 
comprise the compression flange of a flexural member, the maximum allow- 
able bending stress shall not exceed 0.60 F,Q, nor the applicable value as pro- 
vided in Sect. F1.3. The allowable stress of axially loaded compression mem- 
bers shall be modified by the appropriate reduction factor Q, as provided in 
paragraph c. 

For single angles: 

When 76.0/* < blt < 1551% : 

Q, = 1.340 - Q.O0447(blt)* (A-B5-1) 
When blt 2 1.551%: 

Q, = 15 ,500/[Fy (blt)2] (A-B5-2) 
For angles or plates projecting from columns or other compression members, 
and for projecting elements of compression flanges of beams and girders: 

When 9 5 . 0 1 w C  < blt < 1951- 

Q, = 1.293 - 0 . 0 0 3 0 9 ( b l t ) m C  (A-B5-3) 
When blt 2 1 9 5 / m C  

Q, = 26,200 kc l [F, (blt)2] (A-B5-4) 
For stems of tees: 

en 1271. < blt < 1 7 6 1 q :  

Qs = 1.908 - 0.00715(bl t ) f l  (A-B5-5) 

When blt 2 1 7 6 1 f l :  

Q, = 20,00OI[F, (blt)2] (A-B5-6) 
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where 
b = width of unstiffened compression element as defined in Sect. B5.1 
t = thickness of unstiffened element, in. 
F,, = specified minimum yield stress, ksi 

4'05 if hlt > 70, otherwise kc = 1.0. kc = - 
(hlt).46 

Unstiffened elements of tees whose proportions exceed the limits of Sect. B5.1 
shall conform to the limits given in Table A-B5.1. 

tiffened Compression Elements 

When the width-thickness ratio of uniformly compressed stiffened elements 
(except perforated cover plates) exceeds the noncompact limit stipulated in 
Sect. B5.1, a reduced effective width be shall be used in computing the design 
properties of the section containing the element, except that the ratio belt need 
not be taken as less than the applicable value permitted in Sect. B5.1. 

For the flanges of square and rectangular sections of uniform thickness: 

For other uniformly compressed elements: 

where 

b = actual width of a stiffened compression element, as defined in 
Sect. B5.1, in. 

be = reduced width, in. 

t = element thickness, in. 

f = computed compressive stress (axial plus bending stresses) in the 
stiffened elements, based on the design properties as specified in 
Appendix B5.2, ksi. If unstiffened elements are included in the 



total cross section, f for the stiffened element must be such that the 
maximum compressive stress in the unstiffened element does not . or FbQs, as applicable. 

When the allowable stresses are increased due to wind or seismic loading in ac- 
cordance with the provisions of Sect. A5.2, the effective width be shall be de- 
termined on the basis of 0.75 times the stress caused by wind or seismic loading 
acting alone or in combination with the design dead and live loading. 

For axially loaded circular sections: 

Members with diameter-to-thickness ratios Dlt greater than 3,3001Fy, but 
having a diameter-to-thickness ratio of less than 13,000/Fy, shall not ex- 
ceed the smaller value determined by Sect. E2 nor 

662 
Fa = - + 0.404 

Dlt 

where 

D = outside diameter, in. 

t = wall thickness, in. 

Properties of sections shall be determined using the full cross section, except as 
follows: 

In computing the moment of inertia and section modulus of flexural members, 
the effective width of uniformly compressed stiffened elements, as determined 
in Appendix B5.2b, shall be used in determining effective cross-sectional prop- 
erties. 

For stiffened elements of the cross section 

effective area 
Qa = actual area 

For unstiffened elements of the cross section, Qs is determined from Appendix 
B5.2a. 

For axially loaded compression members the gross cross-sectional area and the 
radius of gyration r shall be computed on the basis of the actual cross section. 

The allowable stress for axially loaded compression members containing 
unstiffened or stiffened elements shall not exceed 
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when Kllr is less than Ci, where 

and 

Q = QsQa 

a. Cross sections composed entirely of unstiffened elements, 
Q = Q, i.e. (Q, = 1.0) 

b. Cross sections composed entirely of stiffened elements, 
Q = Qa i.e. (Q, = 1.0) 

c. Cross sections composed of both stiffened and unstiffened elements, 
Q = QsQa 

When Kllr exceeds C,' : 
Fa = 

12n2E 
23(~llr)' 

ombined Axial and Flexural Stress 

In applying the provisions of Chapter N to members subject to combined axial 
and flexural stress and containing stiffened elements whose width-thickness 
ratio exceeds the applicable noncompact limit given in Sect. B5.1, the stresses 
Fa, ;fbx and fby shall be calculated on the basis of the section properties as pro- 
vided in Appendix B5.2c, as applicable. The allowable bending stress Fb for 
members containing unstiffened elements whose width-thickness ratio exceeds 
the noncompact limit given in Sect. B5.1 shall be the smaller value, 0.60FyQ, 
or that provided in Sect. F1.3. The term f,/0.60F, in Equations ( 
(A-F7-13) shall be replaced by f,/0.60F,Q. 



7. 

The design of tapered members meeting the requirements of this section shall 
be governed by the provisions of Chapter F, except as modified by this 
Appendix. 

In order to qualify under this Specification, a tapered member must meet the 
following requirements: 

a. It shall possess at least one axis of symmetry which shall be perpendicu- 
lar to the plane of bending if moments are present. 

b. The flanges shall be of equal and constant area. 
c. The depth shall vary linearly as 

where 

do = depth at smaller end of member, in. 
dL = depth at larger end of member, in. 
y = (dL - do)ldo 5 the smaller of 0.268(Lldo) or 6.0 
z = distance from the smaller end of member, in. 
L = unbraced length of member measured between the center of 

gravity of the bracing members, in. 

2. Allowable Tensil 

The allowable tensile stress of tapered tension members shall be determined in 
accordance with Sect. Dl. 

3. Allowable Compressive Stress 

On the gross section of axially loaded tapered compression members, the al- 
lowable compressive stress, in kips per sq. in., shall not exceed the following: 

When the effective slenderness ratio S is less than C,: 
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When the effective slenderness ratio S exceeds C,: 

where 

S = Kllroy. for weak axis bending and K,llrox for strong axis bending 
K = effectwe length factor for a prismatic member 
K y =  effective length factor for a tapered member as determined by an 

analysis* 
1 = actual unbraced length of member, in. 
ro, = strong axis radius of gyration at the smaller end of a tapered mem- 

ber, in. 
roy = weak axis radius of gyration at the smaller end of a tapered member, 

in. 

4. Allowable Flexural Stress** 

Tension and compression stresses on extreme fibers of tapered flexural mem- 
bers, in kips per sq. in., shall not exceed the following values: 

unless Fby I Fy 13, in which case 

Fby = B + F& (A-F7-5) 
In the above equations, 

where 
h, = factor equal to 1.0 + 0.0230yVLd,/Af 
hw = factor equal to 1.0 + 0.00385y- 

r,= radius of gyration of a section at the smaller end, considering only 
the compression flange plus ?h of the compression web area, taken 
about an axis in the plane of the web, in. 

Af = area of the compression flange, in.' 

and where B is determined as follows: 

a. When the maximum moment M2 in three adjacent segments of approx- 
imately equal unbraced length is located within the central segment and 

* See Commentary Appendix F7.3. 
**See Commentary Appendix F7.4. 



ee-segment portion of a 
member: * 

b. When the largest computed bending stress fb2 occurs at the larger end 
of two adjacent segments of approximately equal unbraced lengths and 
f,, is the computed bending stress at the smaller end of the two- 
segment portion of a member:* 

c. When the largest computed bending stress fb2 occurs at the smaller end 
of two adjacent segments of approximately equal unbraced length and 
f,, is the computed bending stress at the larger end of the two-segment 
portion of a member: ** 

In the foregoing, y = (d, - do)ld, is calculated for the unbraced length 
containing the maximum computed bending stress. 

d. When the computed bending stress at the smaller end of a tapered 
member or segment thereof is equal to zero: 

where y = (dL - d,)ldo, calculated for the unbraced length adjacent to 
the point of zero bending stress. 

The allowable shear stress of tapered flexural members shall be in accordance 
with Sect. F4. 

Tapered members and unbraced segments thereof subjected to both axial com- 
pression and bending stresses shall be proportioned to satisfy the following re- 
quirement : 

* M,IM2 is considered as negative when producing single curvature. In the rare case where MlIM2 
is positive, it is recommended it be taken as zero. 

** fbl/fbz is considered as negative when producing single curvature. If a point of contraflexure occurs 
in one of two adjacent unbraced segments, fbl/fb2 is considered as positive. The ratio fbl/fb2 # 0. 
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and 

When f,,lI;,, 5 0.15, Equation (AW-14) is permitted in lieu of Equations 
(A-F7-12) and (A-F7-13). 

where 

Fay= axial compressive stress permitted in the absence of bending mo- 
ment, ksi 

FbY= bending stress permitted in the absence of axial force, ksi 
I&= Euler stress divided by factor of safety, ksi, equal to 

where lb is the actual unbraced length in the plane of bending and rbo 
is the corresponding radius of gyration at its smaller end 

fa, = computed axial stress at the smaller end of the member or unbraced 
segment thereof, as applicable, ksi 

fbl = computed bending stress at the larger end of the member or un- 
braced segment thereof, as applicable, ksi 

= coefficient applied to bending term in interaction equation 

when the member is subjected to end moments which cause single 
curvature bending and approximately equal computed bending 
stresses at the ends 

when the computed bending stress at the smaller end of the un- 
braced length is equal to zero. 

When Kllr r C, and combined stresses are checked incrementally along the 
length, fa, may be replaced by fa, and fbl may be replaced by fb, in Equations 
(A-F7-12) and (A-F7-14). 



Members and connections subject to fatigue loading shall be proportioned in 
accordance with the provisions of this Appendix. 

Fatigue, as used in this Specification, is defined as the damage that may result 
in fracture after a sufficient number of fluctuations of stress. Stress range is de- 
fined as the magnitude of these fluctuations. In the case of a stress reversal, the 
stress range shall be computed as the numerical sum of maximum repeated ten- 
sile and compressive stresses or the sum of maximum shearing stresses of oppo- 
site direction at a given point, resulting from differing arrangement of live 
load. 

1. Loading Conditions; Type an 

In the design of members and connections subject to repeated variation of live 
load, consideration shall be given to the number of stress cycles, the expected 
range of stress and the type and location of member or detail. 

Loading conditions shall be classified according to Table A-K4.1. 

The type and location of material shall be categorized according to Table 
A-K4.2. 

The maximum stress shall not exceed the basic allowable stress provided in Chap- 
ters A through M of this Specification and the maximum range of stress shall 
not exceed that given in Table A-K4. 3. 

Loading Condition From To 

1 20,000a 1 OO,OOOb 
2 100,000 500,0OOC 
3 500,000 2,000,000~ 
4 Over 2,000,000 

aApproxirnately equivalent to two applications every day for 25 years. 
bApproximately equivalent to 10 applications every day for 25 years. 
CApproximately equivalent to 50 applications every day for 25 years. 
dApproxirnately equivalent to 200 applications every day for 25 years 
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3. Tensile Fatigue 

When subject to tensile fatigue loading, the tensile stress in A325 or A490 bolts 
due to the combined applied load and prying forces shall not exceed the follow- 
ing values, and the prying force shall not exceed 60% of the externally applied 
load. 

Number of Cycles A325 A490 
Not more than 20,000 44 54 
From 20,000 to 500,000 40 49 
More than 500,000 3 1 38 

Bolts must be tensioned to the requirements of Table 53.7. 

The use of other bolts and threaded parts subjected to tensile fatigue loading 
is not recommended. 



General 
Condition 

Plain 
Material 

Built-up 
Members 

Situation 

Base metal with rolled or cleaned 
surface. Flame-cut edges with 
ANSI smoothness of 1,000 or less 

Base metal in members without 
attachments, built-up plates or shapes 
connected by continuous full- 
penetration groove welds or by 
continuous fillet welds parallel to 
the direction of a ~ ~ l i e d  stress 

Base metal in members without 
attachments, built-up plates, or shapes 
connected by full-penetration groove 
welds with backing bars not removed, 
or by partial-penetration groove welds 
parallel to the direction of applied stres! 

Base metal at toe welds on 
girder webs or flanges adjacent to 
welded transverse stiffeners 

Base metal at ends of partial 
length welded cover plates narrower 
than the flange having square or 
tapered ends, with or without 
welds across the ends or wider 
than flange with welds across the 
ends 

Flange thickness 5 0.8 in. 
Flange thickness > 0.8 in. 

Base metal at end of partial 
length welded cover plates wider 
than the flange without welds 
across the ends 

Kind of 
Stressa 

T or Rev. 

T or Rev. 

T or Rev. 

T or Rev. 

T or Rev. 
T or Rev. 

Stress 
Category 

(see 
Table 

A-K4.3) 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
A-K4.1)b 

a"T"signifies range in tensile stress only; "Rev." signifies a range involving reversal of tensile 
or compressive stress; "S" signifies range in shear, including shear stress reversal. 

b~hese  examples are provided as guidelines and are not intended to exclude other reasonably 
similar situations. 

CAllowable fatigue stress range for transverse partial-penetration and transverse fillet welds is 
a function of the effective throat, depth of penetration and plate thickness. See Frank and 
Fisher (1 979). 



Sect. AX41 

General 
Condition 

Groove 
Welds 

Partial- 
Penetration 
Groove 
Welds 

Situation 

Base metal and weld metal at full- 
penetration groove welded splices 
of parts of similar cross section 
ground flush, with grinding in the 
direction of applied stress and with 
weld soundness established by 
radiographic or ultrasonic inspec- 
tion in accordance with the re- 
quirements of 9.25.2 or 9.25.3 
of AWS D1.l 
Base metal and weld metal at full- 
penetration groove welded splices 
at transitions in width or thick- 
ness, with welds ground to provide 
slopes no steeper than 1 to 2% 
with grinding in the direction of 
applied stress, and with weld 
soundness established by radio- 
graphic or ultrasonic inspection 
in accordance with the require- 
ments of 9.25.2 or 9.25.3 of 
AWS D l  .1 
A51 4 base metal 
Other base metals 

Base metal and weld metal at full- 
penetration groove welded splices, 
with or without transitions having 
slopes no greater than 1 to 2% 
when reinforcement is not removed 
but weld soundness is established 
by radiographic or ultrasonic in- 
spection in accordance with re- 
quirements of 9.25.2 or 9.25.3 
of AWS D1.l 

Weld metal of partial-penetration 
transverse groove welds, based on 
effective throat area of the weld 
or welds 

Kind of 
Stressa 

T or Rev. 

T or Rev. 
T or Rev. 

T or Rev. 

T or Rev. 

Stress 
Category 

(see 
Table 

A-K4.3) 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
A-K4.1)b 



General 
Condition 

Fillet-welded 
Connections 

Fillet 
Welds 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
A-K4.lIb 

Stress 
Category 

(see 
Table 

A-K4.3) 
Kind of 
Stressa Situation 

Base metal at intermittent fillet 
welds 

T or Rev. 

T or Rev. 
T or Rev. 

Base metal at junction of axially 
loaded members with fillet-welded 
end connectiohs. Welds shall be 
disposed about the axis of the mem- 
ber so as to balance weld stresses 
b 5 1 in. 
b > 1 in. 

- 

Base metal at members connected 
with transverse fillet welds 

b 5 % in. T or Rev. C 
See 
Note c b > '/2 in. 

- 

Weld metal of continuous or in- 
termittent longitudinal or trans- 
verse fillet welds 

Plug or 
Slot Welds 

Base metal at plug or slot welds 

Shear on plug or slot welds 

T or Rev. 

S 

Mechanically 
Fastened 
Connections 

Base metal at gross section of 
high-strength bolted slip-critical 
connections, except axially loaded 
joints which induce out-of-plane 
bending in connected material 

T or Rev. 

Base metal at net section of other 
mechanically fastened joints 

Base metal at net section of fully 
tensioned high-strength, bolted- 
bearing connections 

T or Rev. 

T or Rev. 
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General 

Attachments Base metal at details attached by 
full-penetration groove welds 
subject to longitudinal and/or 
transverse loading when the detail 
embodies a transition radius R with 
the weld termination ground smooth 
and for transverse loading, the 
weld soundness established by 
radiographic or ultrasonic inspec- 
tion in accordance with 9.25.2 
or 9.25.3 of AWS Dl .I 

Longitudinal loading 
R > 24 in. 
24 in. > R > 6 in. 
6 in. > R > 2 in. 
2 in. > R 
Detail base metal for trans- 
verse loading: equal thick- 
ness and reinforcement removed 
R > 24 in. 
24 in. > R > 6 in. 
6 in. > R > 2 in. 
2 in. > R 
Detail base metal for trans- 
verse loading: equal thickness 
and reinforcement not removed 
R > 24 in. 
24 in. > R > 6 in. 
6 in. > R > 2 in. 
2 in. > R 

Kind of 
Stressa 

T or Rev. 
T or Rev. 
T or Rev. 
T or Rev. 

T or Rev. 
T or Rev. 
T or Rev. 
T or Rev. 

T or Rev. 
T or Rev. 
T or Rev. 
T or Rev. 

Stress 
Category 

(see 
Table 

A-K4.3) 

B 
C 
D 
E 

B 
C 
D 
E 

C 
C 
D 
E 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
~ - K 4 . 1 ) ~  



Situation 

Detail base metal for trans- 
verse loading: unequal thick- 
ness and reinforcement 
removed 
R > 2 in. 
2 in. > R 
Detail base metal for trans- 
verse loading: unequal thick- 
ness and reinforcement not 
removed 
all R 
Detail base metal for 
transverse loading 
R > 6 in. 
6 in. > R > 2 in. 
2 in. > R 

Base metal at detail attached by 
full-penetration groove welds sub- 
ject to longitudinal loading 

2 < a <  12bor4in.  
a  > 12b or 4 in. when b 5 1 in. 
a > 126 or 4 in. when b > 1 in. 

Base metal at detail attached by 
fillet welds or partial-penetration 
groove welds subject to longi- 
tudinal loading 

a < 2 in. 

2 in. < a <12b or 4 in. 

a > 126 or 4 in. when b 5 1 in. 

a  > 12b or 4 in. when 6 > 1 in. 

-- 

Kind of 
Stressa 

T or Rev. 
T or Rev. 

T or Rev. 

T or Rev. 
T or Rev. 
T or Rev. 

T or Rev. 
T or Rev. 
T or Rev. 

T or Rev. 

T or Rev. 

T or Rev. 

T or Rev. 

Stress 
Category 

(see 
Table 

A-K4.3) 

D 
E 

E 

C 
D 
E 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
A-K4.1)b 
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General 
Condition 

Attachments 
(cont'd) 

Situation 

Base metal attached by fillet welds 
or partial-penetration groove welds 
subjected to longitudinal loading 
when the weld termination embodies 
a transition radius with the weld 
termination ground smooth: 

R > 2 in. 
R % 2 in. 

Fillet-welded attachments where 
the weld termination embodies a 
transition radius, weld termination 
ground smooth, and main material 
subject to longitudinal loading: 

Detail base metal for trans- 
verse loading: 
R > 2 in. 
R < 2 in. 

Base metal at stud-type shear 
connector attached by fillet weld 
or automatic end weld 

Shear stress on nominal area of 
stud-type shear connectors 

Kind of 
Stressa 

T or Rev. 
T or Rev. 

T or Rev. 
T or Rev. 

T or Rev. 

Stress 
Category 

(see 
Table 

A-K4.3) 

Illus- 
trative 

Example 
Nos. 

(see Fig. 
A-K4.1)b 



Illustrative examples 

AMERICAN  INS^ OF STEEL CONSTRUCTION 
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Category Loading Loading Loading Loading 
(from Condition Condition 

1 2  1 3  Condition Condition Table kK4.2) 1 4  

A 63 37 24 24 
B 49 29 18 
6' 39 23 15 
C 35 21 13 

1 :: 
1 oa 

D 28 16 10 7 
E 22 13 8 5 
E ' 16 9 6 3 
F 15 12 9 8 

'Flexural stress range of 12 ksi permitted at toe of stiffener welds on webs or flanges 



FY 
(ksi) 

33 
35 
36 

40 
42 
45 

46 
50 
55 

60 
65 
70 

90 
100 

Allowable Stress as a Function of 

L 

- 

- 
aSee Sect. Dl, D3 Tension 
bSee Sect. D3, F4, K1 Shear 
CSee Sect. F1, F2 Bending 
dSee Sect. J8 Bearing 
'See Sect. G3 Shear in Plate Girders 

Allowable Stress (ksi) 



aOn effective net area, see Sects. Dl,  J4. 
b~roduced by fastener in shear, see Sect. J3.7. Note that smaller maximum design bearing 

stresses, as a function of hole spacing, may be required by Sects. J3.8 and J3.9. 
'On nominal body area, see Table J3.2. 
*~hreads not excluded from shear plane, see Table J3.2. 
'Threads excluded from shear plane, see Table J3.2. 
'For A441 material only. 





For Use with Equations ( 2-2) and in Table 3 

FY FY 
(ksi) (ksi) 

T 
Slenderness Ratios of Elements as a Function of F, 

Specification 
Section and Ratios 36 

Table 85.1 
65/fly 10.8 

1 90/fly 31.7 
640/fly 106.7 
257/fly 42.8 

Sect. F1.2 

JF 53qc 

Table B5.1 
76/fly 12.7 
95/fly 15.8 

1 27/flv 21.2 

Table 65.1 
238/fly 1 39.7 
31 52.8 
253/fly 

Table B5.1-Appendix 
B5.2b 

3300/Fy 
1 3000/Fy 

Sect. G1 



NUMERlCAL VALUES 

BLE 6 
Values of Cb 

For Use in Equations (F1-6), (Fl-7) and ( 

Note 1 :  Cb = 1.75 + 1 .05(MilM2) + 0.3 (MllM2)' 5 2.3 
Note 2: MiIM2 positive for reverse curvature and negative for single curvature. 

Values of C, 

For Use in Equation ( 

Note 1: C, = 0.6 - 0.4(MilM2) 
Note 2: Mi/M2 is positive for reverse curvature and negative for single curvature. 



tee1 of Any Yield Stress 

Klb F,' - 
rb (ksi) 

21 338.62 
22 308.54 
23 282.29 
24 259.26 
25 238.93 

26 220.90 
27 204.84 
28 190.47 
29 177.56 
30 165.92 

31 155.39 
32 145.83 
33 137.13 
34 129.18 
35 121.90 

36 115.22 
37 109.08 
38 103.42 
39 98.18 
40 93.33 

41 88.83 
42 84.65 
43 80.76 
44 77.13 
45 73.74 

46 70.57 
47 67.60 
48 64.81 
49 62.20 
50 59.73 

Klb F,' - 
rb (ksi) 

51 57.41 
52 55.23 
53 53.16 
54 51.21 
55 49.37 

56 47.62 
57 45.96 
58 44.39 
59 42.90 
60 41.48 

61 40.13 
62 38.85 
63 37.62 
64 36.46 
65 35.34 

66 34.28 
67 33.27 
68 32.29 
69 31.37 
70 30.48 

71 29.62 
72 28.81 
73 28.02 
74 27.27 
75 26.55 

76 25.85 
77 25.19 
78 24.54 
79 23.93 
80 23.33 

Klb F,' - 
rb (ksi) 

81 22.76 
82 22.21 
83 21.68 
84 21.16 
85 20.67 

86 20.19 
87 19.73 
88 19.28 
89 18.85 
90 18.44 

91 18.03 
92 17.64 
93 17.27 
94 16.90 
95 16.55 

96 16.20 
97 15.87 
98 15.55 
99 15.24 

100 14.93 

101 14.64 
102 14.35 
103 14.08 
104 13.81 
105 13.54 

106 13.29 
107 13.04 
108 12.80 
109 12.57 
110 12.34 

Klb F,' - 
rb (ksi) 

Klb F,' - 
rb (ksi) 

141 7.51 
142 7.41 
143 7.30 
144 7.20 
145 7.10 

146 7.01 
147 6.91 
148 6.82 
149 6.73 
150 6.64 

151 6.55 
152 6.46 
153 6.38 
154 6.30 
155 6.22 

156 6.14 
157 6.06 
158 5.98 
159 5.91 
160 5.83 

161 5.76 
162 5.69 
163 5.62 
164 5.55 
165 5.49 

166 5.42 
167 5.35 
168 5.29 
169 5.23 
170 5.17 

Klb F,' - 
r, (ksi) 

171 5.11 
172 5.05 
173 4.99 
174 4.93 
175 4.88 

176 4.82 
177 4.77 
178 4.71 
179 4.66 
180 4.61 

181 4.56 
182 4.51 
183 4.46 
184 4.41 
185 4.36 

186 4.32 
187 4.27 
188 4.23 
189 4.18 
190 4.14 

191 4.09 
192 4.05 
193 4.01 
194 3.97 
195 3.93 

196 3.89 
197 3.85 
198 3.81 
199 3.77 
200 3.73 



This Commentary provides information on the basis and limitations of various provi- 
sions of the Specification, so that designers, fabricators and erectors (users) can 
make more efficient use of the Specification. The Commentary and Specification, 
termed as documents, do not attempt to anticipate and/or set forth all the questions 
or possible problems that may be encountered, or situations in which special consid- 
eration and engineering judgment should be exercised in using and applying the doc- 
uments. Such a recitation could not be made complete and would make the docu- 
ments unduly lengthy and cumbersome. 

Waning is given that AISC assumes the users of its documents are competent in 
their fields of endeavor and are informed on current developments and findings re- 
lated to their fields. 



2. LIMITS OF APPhlCABlLlTV 

2. Types of Construction 

In order that adequate instructions can be issued to shop and erection person- 
nel, the basic assumptions underlying the design must be thoroughly under- 
stood by all concerned. These assumptions are classified under three separate 
but generally recognized types of construction. 

For better clarity, provisions covering tier buildings of Type 2 construction de- 
signed for wind loading were reworded in the 1969 Specification, but without 
change in intent. Justification for these provisions has been discussed by 
Disque (1964 and 1975) and Ackroyd (1987). 

1. Structural St-! 

a. ASTM Designations 

The grades of structural steel approved for use under the Specification, cov- 
ered by ASTM standard specifications, extend to a yield stress of 100 ksi. Some 
of these ASTM standards specify a minimum yield point, while others specify 
a minimum yield strength. The term "yield stress" is used in the Specification 
as a generic term to denote either the yield point or the yield strength. When 
requested, the fabricator must provide an affidavit that all steel specified has 
been provided in accordance with the plans and Specification. 

In keeping with the inclusion of steels of several strength grades, a number of 
corresponding ASTM standards for cast steel forgings and other materials such 
as rivets, bolts and welding electrodes are also included. 

Provisions of the Specification are based on providing a factor of safety against 
reaching yield stress in primary connected material at allowable loads. The di- 
rection parallel to the direction of rolling is the direction of principal interest 
in the design of steel structures. Hence, yield stress as determined by the stan- 
dard tensile test is the principal mechanical property recognized in the selec- 
tion of the steels approved for use under the Specification. It must be recog- 
nized that other mechanical and physical properties of rolled steel, such as 
anisotropy, ductility, notch toughness, formability, and corrosion resistance 
may also be important to the satisfactory performance of a structure. In such 
situatioqthe user of the Specification is advised to make use of reference ma- 
terial contained in the literature on the specific properties of concern and to 
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aterial production or quality requirements as pro- 
a1 specifications. One such situation, for example, is 

the design of highly restrained welded connections (AISC, 1973). Rolled steel 
is anisotropic, especially insofar as ductility is concerned; therefore weld con- 
traction strains in the region of highly restrained welded connections may ex- 
ceed the capabilities of the material if special attention is not given to material 
selection, details, workmanship and inspection. Another special situation is 
that of fracture control design for certain types of service conditions (Rolfe, 
1977). The relatively warm temperatures of steel in buildings, the essentially 
static strain rates, the stress intensity and the number of cycles of full allowable 
stress make the probability of fracture in building structures extremely remote. 
Good details which incorporate joint geometry that avoids severe stress con- 
centrations and good workmanship are generally the most effective means to 
provide fracture-resistant construction. However, for especially demanding 
service conditions, such as low temperatures with impact loading, the specifica- 
tion of steels with superior notch toughness should be specified. 

The web-to-flange intersection and e web center of heavy hot-rolled shapes, 
as well as the interior portions of avy plates, may contain a coarser grain 
structure and/or lower toughness than other areas of these products. This is 
probably caused by ingot segregation, as well as somewhat less deformation 
during hot rolling, higher finishing temperature and a slower cooling rate after 
rolling. This characteristic is not detriment suitability for service as com- 
pression members or non-welded members ever when heavy sections are 
fabricated using full-penetration welds, tensile strains induced by weld shrink- 
age may result in cracking. For critical applications such as primary tension 
members, material should be produced to provide adequate toughness. Be- 
cause of differences in the strain rate between the Charpy V-Notch ( C W )  
impact test and the strain rate experienced in actual structures, the CVN test is 
conducted at a temperature higher than the anticipated service temperature. 

Fig. C 4 3 . l ~  Location from which charpy impact specimen shall be taken. 

AN I N S T I ~  OF STEEL CONSTRUCTION 
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The toughness requirements of Sect. A 3 . k  are intended only lo pro 
rial of necessary toughness for ordinary service application. For un 
cations andlor low temperature service, more restrictive requirements and/or 
toughness requirements for other section sizes and thickness would be appro- 
priate. 

To minimize the potential for fracture, the notch toughness requirements of 
Sect. A3.lc must be used in conjunction with good design and fabrication pro- 
cedures. Specific requirements are given in Sects. J1.7, J1.8, 52.6, 52.7 and 
M2.2. 

The ASTM standard for A307 bolts covers two grades of fasteners. Either 
grade may be used under the Specification; however, Grade B is intended for 
pipe flange bolting. Grade A is used for structural applications. 

6. Filler Metal a 

When specifying filler metal andlor flux by AWS designation, the applicable 
standard specifications should be carefully reviewed to assure a complete un- 
derstanding of the electrode designation. This is necessary because the AWS 
designation systems are not consistent. For example, in the case of electrodes 
for shielded metal arc welding (AWS A5.1), the first two or three digits indicate 
the nominal tensile strength classification, (in ksi) of the weld material and the 
final two digits indicate the type coating. However, in the case of carbon steel 
electrodes for submerged arc welding (AWS A5.17), the first one or two digits 
times 10 indicates the nominal tensile strength classification, and the final digit 
or digits times - 10 indicates the testing temperature, in degrees F, for weld 
metal impact tests. In the case of low-alloy, steel-covered arc welding elec- 
trodes (AWS A5.5), certain portions of the designation indicate a requirement 
for stress relief, while others indicate no stress relief requirement. 

The specification does not presume to establish the loading requirements for 
which structures should be designed. In most cases these are adequately cov- 
ered in the applicable local building codes. Where this is not the case, the gen- 
erally recognized standards of the American National Standards Institute 
(ANSI) are recommended as the basis for design. 

A mass of the total moving load (wheel load) is used as the basis for impact 
loads on crane runway girders, because maximum impact load results when 
cranes travel while supporting lifted~loads. 

The increase in load, in recognition of random impacts, is not required to be 
applied to supporting columns, because the impact load effects (increase in ec- 
centricities or increase in out-of-straightness) will not develop or will be negli- 
gible during the short duration of impact. 



Association of Iron and Steel Engineers (AISE, 1979) gives more stringent re- 
quirements for crane girder and crane runway design. 

Minimum crane horizontal and longitudinal forces are provided in the Specifi- 
cation. Some cranes may require that the runway be designed for larger forces. 

The magnitude and point of application of the crane stop forces should be pro- 
vided by the owner. For additional information on runway forces, see AISE 
(1979). 

e allowable stresses containe within the Specification are to be compared 
with stresses determined by analysis of the e cts of design loads upon the 
structure. The factor of safety inherent in the able stresses provide for the 
uncertainties that are associated with typical simplifying assumptions and the 
use of nominal or average calculated stresses as the basis for manual methods 
of analysis. It is not intended that highly localized peak stresses that may be de- 
termined by sophisticated computer-aided methods of analysis, and which may 
be blunted by confined yielding, must be less than the stipulated allowable 
stresses. The exercise of engineering judgment is required. 

In keeping with the inclusion of high strength low-alloy steels, the Specification 
recognizes high strength steei castings. Allowable stresses are expressed in 
terms of the specified minimum yield stress for castings. 



Section B3 deals with the effect of shear lag. The inclusion of welded members 
acknowledges that shear lag is also a factor in determining the effective area of 
welded connections where the welds are so distributed as to directly connect 
some, but not all, of the elements of a tension member. However, since welds 
are applied to the unreduced cross-sectional area, the reduction coefficient U 
is applied to the gross area A,. With this modification the values of U are the 
same as for similar shapes connected by bolts and rivets except that: (1) the 
provisions for members having only two fasteners per line in the direction of 
stress have no application to welded connections; and (2) tests (Kulak, Fisher 
and Struik, 1987) have shown that flat plates , or bars axially loaded in tension 
and connected only by longitudinal fillet welds, may fail prematurely by shear 
lag at their corners if the welds are separated by too great a distance. There- 
fore, the values of U are specified unless the member is designed on the basis 
of effective net area as discussed below. 

As the length of a connection 1 is increased the intensity of shear lag is dimin- 
ished. The concept can be expressed empirically as: 

where: 
R = the distance from the centroid of the shape profile to the shear plane 

of the connection, in. 
1 = length 

Munse and Chesson have shown, using this expression to compute an effective 
net area, that with few exceptions, the estimated strength of some 1,000 test 
specimens correlated with observed test results with a scatterband of 210% 
(Kulak, Fisher, and Struik, 1987; Munse and Chesson, 1963; Gaylord and 
Gaylord, 1972). For any given profile and connected elements, length 1 is depen- 
dent upon the number of fasteners or length of weld required to develop the 
given tensile force, and this in turn is dependent upon the mechanical proper- 
ties of the member and the capacity of the fasteners or weld used. The values 
of U, given as the reduction coefficients in Sect. B3, are reasonable lower 
bounds for the profile types and connections described, based upon the use of 
the above expression. 

The restriction that the net area shall in no case be considered as comprising 
more than 85% of the gross area is limited to relatively short fittings, such as 
splice plates, gusset plates or bearn-to-column fittings. 



Sect. GB4j TABILITY 

The stability of structures must be considered from the standpoint of the struc- 
tures as a whole, including not only the compression members, but also the 
beams, bracing system and connections. The stability of individual elements 
must also be provided. Considerable attention has been given to this subject in 
the technical literature, and various methods of analysis are available to assure 
stability. The SSRC Guide to Design Criteria for Metal Compression Members 
(Galarnbos, 1988) devotes several chapters to the stability of different types of 
members considered as individual elements, and then considers the effects of 
individual elements on the stability of the structure as a whole. 

For the purposes of the ASD Specification, steel sections are divided into com- 
pact sections, noncompact sections and sections with slender compression ele- 
ments. 

When the width-thickness ratio of the compressed elements in a member does 
not exceed the noncompact section limit specified in Table B5.1, no reduction 
in allowable stress is necessary in order to prevent local buckling. Appendix B 
provides a design procedure for those infrequent situations where width- 
thickness ratios in excess of the limits given in Sect. B5.1 are involved. 

Equations (A-B5-I), (A- 5-21? (A-B5-5) and (A-B5-6) are based upon the fol- 
lowing expression for critical buckling stress cr, for a plate supported against 
lateral deflection along one or both edges (Galambos, 1988), with or without 
torsional restraint along these edges and subject to in-plane compressive force: 

where: 
q = the ratio of the tangent modulus to the elastic modulus, E,IE 
v = Poisson's ratio 

The assumption of nothing more than knife-edge lateral support applied along 
one edge of the unstiffened element under a uniformly distributed stress (the 
most critical case) would give a value of kc = 0.425. Some increase in this value 
is warranted because of the torsional restraint provided by the supporting ele- 
ment and because of the difference between b, as defined in Sect. B5.1, and the 

eoretical width b. 

Equations (A-B5-3) and (A-B5-4) have been revised for this AISC ASD Speci- 
fication. In the 1978 AISC Specification, these formulas assumed partial end 
restraint from the beam web in rolled shapes for compression flange stability. 
However, with more slender girder webs that may have already buckled, this 
beneficial effect is diminished and the previous Q factors have been reduced to 
account for this local buckling interaction. Re 
resulted in new provisions, given in Appendix 
Sects. B5.1 and 6 2  (Jo 



In the interest of simplification, when fi < 1. , a linear formula is substituted 
for the theoretical expression. Its agreement with the latter may be judged by 
the comparison shown in Kg. C-B5.1. 

Equation (A-B5-5) recognizes that the torsional restraint characteristics of tees 
cut from rolled shapes might be of quite different proportions than those of 
tees formed by welding two plates together. 

It has been shown that singly symmetrical members whose cross section con- 
sists of elements having large width-thickness ratios may fail by twisting under 
a smaller axial load than associated with general column failure (Chajes and 
Winter, 1965). Such is not generally the case with hot-rolled shapes. To guard 
against this type of failure, particularly when relatively thin-walled members 
are fabricated from plates, Table A-B5.1 in Appendix B places an upper limit 
on the proportions permissible for channels and tees. 

With both edges parallel to the applied load supported against buckling, stiff- 
ened compression elements can support a load producing an average stress u, 
greater than that given in the above expression for critical plate buckling stress. 
This is true even when kc is taken as 4.0, applicable to the case where both 
edges are simply supported, or a value between 4.0 and 6.97, applicable when 
some torsional restraint is also provided along these edges. 

A better estimate of the compressive strength of stiffened elements, based 
upon an "effective width" concept was first proposed by von Karman, Sechler 
and Donnell (1932). This was later modified by Winter (1947) to provide a 
transition between very slender elements and stockier elements shown by tests 
to be fully effective. 

0 100 200 300 
blt fly 

Fig. GB5.1  
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As modified, the ratio of effective width to actual width increases as the level 
of compressive stress applied to a stiffened element in a member is decreased 
and takes the form 

where f is the level of uniformly distributed stress to which the element would 
be subjected based upon the design of the member, and C is an arbitrary con- 
stant based on test results (Winter, 1947). 

Molding the effective width of a stiffened element to no greater value than that 
given by the limits provided in Sect. B5.1 is unnecessarily conservative when 
the maximum uniformly distributed design stress is substantially less than 
0.60Fy, or when the ratio blt is considerably in excess of the limit given in Sect. 

5.1. 

For the case of square and rectangular box sections, the sides of which in their 
buckled condition afford negligible torsional restraint for one another along 
their corner edges, the value of C reflected in Equation (A-B5-7) is higher than 
for the other case, thereby providing a slightly more conservative evaluation of 
effective width. For cases where appreciable torsional restraint is provided, as 
for example the web of an I-shape column, the value of C implicit in Equation 
(A-B5-8) is decreased slightly. As in earlier editions of the AISC Specification, 
for such cases no reduction from actual width is required when the width- 
thickness ratio does not exceed 2531fl, and for greater widths the effective 
width may be taken as equal to 2 5 3 t l d .  If the actual widfh-thickness ratio is 
substantially greater than 253/*, however, a larger effective width can be 
obtained using Equation (A-B5-8) rather than the earlier provisions. 

In computing the section modulus of a member subject to bending, the area of 
stiffened elements parallel to the axis of bending and subject to compressive 
stress must be based upon their effective, rather than actual, width. In comput- 
ing the effective area of a member subject to axial loading, the effective, rather 
than actual, area of all stiffened elements must be used. However, the radius 
of gyration of the actual cross section together with the form factor Q, may be 
used to determine the allowable axial stress. If the cross section contains an 
unstiffened element, the allowable axial stress must be modified by the reduc- 
tion factor Q,. 

The classical theory of longitudinally compressed cylinders overestimates the 
actual buckling strength, often by 200% or more. Inevitable imperfections of 
shape and the axiality of load are responsible for the reduction in actual 
strength below theoretical strength. The limits of B5.1 are based upon test evi- 
dence (Sherman, 1976), rather than theoretical calculations, that local buck- 
ling will not occur if the Dlt ratio is equal to or less than 3300/Fy when the ap- 
plied stress is equal to F,. When Dlt exceeds 33001Fy, but is less than 13,000/Fy, 
Equation (A-B5-9) provides for a reduction in allowable stress with a factor of 
safety against local buckling of at least 1.67. The Specification contains no rec- 

endations for allowable stresses when It exceeds 13 ,OOO/Fy. 



Slender beams and girders resting on top of columns and stayed laterally only 
in the plane of their top flanges may become unstable due to the flexibility of 
the column. Unless lateral support is provided for the bottom flange, either by 
bracing or continuity at the beam-to-column connection, lateral displacement 
at the top of the column, accompanied by rotation of the beam about its longi- 
tudinal axis, may lead to collapse of the framing. 

The slenderness limitations recommended for tension members are not essen- 
tial to the structural integrity of such members; they merely afford a degree of 
stiffness such that undesirable lateral movement ("slapping" or vibration) will 
be avoided. These limitations are not mandatory. 

See Commentary E4. 

As in earlier editions of the Specification, it is provided that flexural members 
be proportioned to resist bending on the basis of moment of inertia of their 
gross cross section. However, the 15% flange area allowance for holes in previ- 
ous specifications (Lilly and Carpenter, 1940), has been replaced by an im- 
proved criterion based on a direct comparison of tensile fracture and yield. For 
the fracture calculation, no hole deduction need be made until A,,IA,,,,, = 615 
($IF,). This is equivalent to a hole allowance of 25.5% for A36 and 7.7% for 
F' = 50 ksi material. This provision includes the design of hybrid flexural mem- 
bers whose flanges are fabricated from a stronger grade of steel than that in 
their web. As in the case of flexural members having the same grade of steel 
throughout their cross section, their bending strength is defined by the product 
of the section modulus of the gross cross section multiplied by the allowable 
bending stress. On this basis, the stress in the web at its junction with the 
flanges may even exceed the yield stress of the web material, but under strains 
controlled by the elastic state of stress in the stronger flanges. Numerous tests 
have shown that, with only minor adjustment in the basic allowable bending 
stress as provided in Equation (G2-I), the bending strength of a hybrid mem- 
ber is predictable within the same degree of accuracy as is that of a homoge- 
neous member (ASCE-AASHO, 1968). 

If a partial length cover plate is to function as an integral part of a beam or 
girder at the theoretical cutoff point beyond which it is not needed, it must be 
developed in an extension beyond this point by high-strength bolts or welding 
to develop its portion of the flexural stresses (i.e., the stresses which the plate 
would have received had it been extended the full length of the member). The 
cover plate force to be developed by the fasteners in the extension is equal to 

(C-B 10-1) 
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where 

M = moment at theoretical cutoff 
Q = statical moment of cover plate area about neutral axis of coverplated 

section 
I = moment of inertia of coverplated section 

hen the nature of the loading is such as to produce fatigue, the fasteners 
must be proportioned in accordance with the provisions of Appendix K4. 

In the case of welded cover plates, it is further provided that the amount of 
stress that may be carried by a partial length of cover plate, at a distance a' in 
from its actual end, may not exceed the capacity of the terminal welds depos- 
ited along its edges and optionally across its end within this distance a'. If the 
moment, computed by equating MQlI to the capacity of the welds in this dis- 
tance, is less than the value at the theoretical cutoff point, either the size of the 
welds must be increased or the end of the cover plate must be extended to a 
point such that the moment on the member at the distance a' from the end of 
the cover plate is equal to that which the terminal welds will support. 



FRAME STABILITY 

The stability of structures as a whole must be considered from the standpoint 
of the structure, including not only the columns, but also the beams, bracing 
system and connections. The stability of individual elements must also be pro- 
vided. Considerable attention has been given in the technical literature to this 
subject, and various methods of analysis are available to assure stability. The 
SSRC Guide to Design Criteria for Metal Compression Members devotes sev- 
eral chapters to the stability of different types of members considered as indi- 
vidual elements, and then considers the effects of individual elements on the 
stability of the structure as a whole (Galambos, 1988). 

The effective length concept is one method for estimating the interaction ef- 
fects of the total frame on a column being considered. This concept uses K- 
factors to equate the strength of a framed compression element of length L to 
an equivalent pin-ended member of length KL subject to axial load only. 
Other methods are available for evaluating the stability of frames subject to 
gravity and lateral loading and individual compression members subject to 
axial load and moments. The effective length concept is one tool available for 
handling several cases which occur in practically all structures, and it is an es- 
sential part of many analysis procedures. Although the concept is completely 
valid for ideal structures, its practical implementation involves several assump- 
tions of idealized conditions which will be mentioned later. 

Two conditions, opposite in their effect upon column strength under axial load- 
ing, must be considered. If enough axial load is applied to the columns in an 
unbraced frame dependent entirely on its own bending stiffness for resistance 
to lateral deflection of the tops of the columns with respect to their bases (see 
Fig. C-C2.1), the effective length of these columns will exceed the actual 
length. On the other hand, if the same frame were braced to resist such lateral 
movement, the effective length would be less than the actual length, due to the 
restraint (resistance to joint rotation) provided by the bracing or other lateral sup- 
port. The ratio K, effective column length to actual unbraced length, may be 
greater or less than 1.0. 

The theoretical K-values for six idealized conditions in which joint rotation and 
translation are either fully realized or nonexistent are tabulated in Table 
C-C2.1. Also shown are suggested design values recommended by the Struc- 
tural Stability Research Council for use when these conditions are approxi- 
mated in actual design. In general, these suggested values are slightly higher 
than their theoretical equivalents, since joint fixity is seldom fully realized. 

If the column base in Case f of Table C-C2.1 were truly pinned, K would actu- 
ally exceed 2.0 for a frame such as that pictured in Fig. C-C2.1, because the 
flexibility of the horizontial member would prevent realization of full fixity at 
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the top of the column. On the other hand, the restraining influence of founda- 
tions, even where these footings are designed only for vertical load, can be 
very substantial in the case of flat-ended column base details with ordinary an- 
chorage (Galambos, 1960). For this condition, a design K-value of 1.5 would 
generally be conservative in Case f. 

While in some cases the existence of masonry walls provides enough lateral 
support for their building frames to control lateral deflection, the increasing 
use of light curtain wall construction and wide column spacing for high-rise 
structures not provided with a positive system of diagonal bracing can create 
a situation where only the bending stiffness of the frame itself provides this 
support. 

Buckled shape of column 

End condition code 

Rotation fixed and translation fixed 

Rotation free and translation fixed 

Rotation fixed and translation free 

Rotation free and translation free 

Figure C-C2.1 
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In this case, the effective length factor K for an unbraced length of column L 
is dependent on the amount of bending stiffness provided by the other in-plane 
members entering the joint at each end of the unbraced segment. If the com- 
bined stiffness provided by the beams is sufficiently small, relative to that of the 
unbraced column segments, KL could exceed two or more story heights 
(Bleich, 1952). 

Several methods are available for estimating the effective length of columns in 
an unbraced frame. These range from simple interpolation between the ideal- 
ized cases shown in Table C-C2.1 to very complex analytical procedures. Once 
a trial selection of framing members has been made, the use of the alignment 
chart in Pig. C-C2.2 affords a fairly rapid method for determining adequate K- 
values. 

However, this alignment chart is based upon assumptions of idealized condi- 
tions which seldom exist in real structures (Galambos, 1988). These assump- 
tions are as follows: 

1. Behavior is purely elastic. 
2. All members have constant cross section. 
3. All joints are rigid. 
4. For braced frames, rotations at opposite ends of beams are equal in 

magnitude, producing single curvature bending. 
5. For unbraced frames, rotation at opposite ends of the restraining 

beams are equal in magnitude, producing reverse curvature bending. 
6. The stiffness parameters L ~ Z  of all columns are equal. 
7. Joint restraint is distributed to the column above and below the joint 

in proportion to IIL of the two columns. 
8. All columns buckle simultaneously. 

Where the actual conditions differ from these assumptions, unrealistic designs 
may result. There are design procedures available which may be used in the 
calculation of G for use in Fig. C-C2.2 to give results more truly representative 
of conditions in real structures (Yura, 1971 and Disque, 1973). 

Research at Lehigh University on the load-carrying capacity of regular rectan- 
gular rigid frames has shown that it is not always necessary to directly account 
for the P A  effect for a certain class of adequately stiff rigid frames (Ozer et al, 
1974 and Cheong-Sait Moy, Ozer and Lu, 1977). In the research, second-order 
analyses using different load sequences to failure were used to confirm the ade- 
quacy of alternate allowable stress design procedures. The loading sequences 
used in the second order analysis were: 

1. Constant gravity load at a load factor of 1.0 while the lateral load was 
progressively increased. 

2. Constant gravity load at a load factor of 1.3 while the lateral load was 
progressively increased. 

3. Both the lateral and gravity loads were progressively increased pro- 
portionately. 

The seven frames included in the study were 10 to 40 stories high and in-plane 
column slenderness ratios hlr, ranged from 18 to 42. The live load, including 
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partitions, varied from 40 to 100 psf and the dead load from 50 to 75 psf. A uni- 
form wind load of 20 psf was specified throughout. A11 beams and column sec- 
tions were compact. The axial load ratios falFa and fa/0.60Fy were limited to not 
more than 0.75. 

The results of the second order analyses showed that adequate strength and 
stability were assured under combined gravity and lateral loads or gravity load 
alone, when the rigid frames were designed by either a stress design procedure 
according to AISC ASD Specification requirements or by a modified stress de- 
sign procedure. The modified allowable stress design procedure incorporated 
a stiffness parameter* which assured adequate frame stiffness, while the effec- 
tive length factor K was assumed to be unity in calculations of fa and FL, and 
the coefficient G, was computed as for a braced frame. 

Several other references** are available concerning alternatives to effective 

The  subscripts A and R refer to 
the joints a t  the two ends of the 
column section being considered. 
G is defined as 

in which L: indicates a summation 
of all members rigidly connected 
to tha t  joint and lying in the plane 
in which buckling of  the column 
is being considered. li is the 
moment of inertia and LC the 
unsupported length of a column 
section, and lo is the moment of 
inertia and Lo the unsupported 
length of a girder or other re- 
straining member. Ic and Ig 
are taken about axes perpendicular 
to the plane of buckling being 
considered. 

For column ends supported 
hy but not rigidly connected to  a 
footing or foundation, G is 
theoretically infinity, but, unless 
actually designed as a true fric- 
tion free pin, may be taken a s  
"10" for practical designs. If 
the column end is rigidly attached 
to a properly d e s ~ g n ~ d  footing, 
G may be taken a s  1.0. Smaller 
values may be used if justified by 
analysis. 

Sidesway Uninhibited 

Alignment Chart for Effective Length of Columns in Continuous Frames 

Fig. CX2.2  

*A design procedure based only upon a first order drift index may not assure frame stability. 

**Yura, 1971; Springfield and Adams, 1972; Eiapunov, 1974 (pp 1643-1655); Daniels and ku, 
1972; LeMessurier, 1976; and LeMessurier, 1977. 
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length factors for multistory frames under combined loads or gravity loads 
alone. 

In frames which depend upon their own bending stiffness for stability, the am- 
plified moments are accounted for in the design of columns by means of the in- 
teraction equations of Sect. HI.  However, moments are also induced in the 
beams which restrain the columns; thus, consideration must be given to the 
amplification of those portions of the beam moments that are increased when 
the frame drifts. The effect may be particularly important in frames in which 
the contribution to individual beam moments from story shears becomes small 
as a result of distribution to many bays, but in which the PA moment in individ- 
ual columns and beams is not diminished and becomes dominant. 

If roof decks and floor slabs, anchored to shear walls or vertical plane bracing 
systems, are counted upon to provide lateral support for individual columns in 
a building frame, due consideration must be given to their stiffness when func- 
tioning as a horizontal diaphragm (Winter, 1958). 

Although translation of the joints in the plane of a truss is inhibited and, due 
to end restraint, the effective length of compression members might therefore 
be assumed to be less than the distance between panel points, it is usual prac- 
tice to take K as equal to 1.0, since, if all members of the truss reached their 
ultimate load capacity simultaneously, the restraints at the ends of the com- 
pression members would disappear or, at least, be greatly reduced. For K less 
than unity in trusses, see Galambos (1988). 



Dl. ALLOWABLE ST 

Due to strain hardening, a ductile steel bar loaded in axial tension can resist, 
without fracture, a force greater than the product of its gross area and its cou- 
pon yield stress. However, excessive elongation of a tension member due to 
uncontrolled yielding of its gross area not only marks the limit of its usefulness, 
but can precipitate failure of the structural system of which it is a part. On the 
other hand, depending upon the scale of reduction of gross area and the me- 
chanical properties of the steel, the member can fail by fracture of the net area 
at a load smaller than required to yield the gross area. Hence, general yielding 
of the gross area and fracture of the net area both constitute failure limit states. 

To prevent failure of a member loaded in tension, Sect. D l  has imposed a fac- 
tor of 1.67 against yielding of the entire member and of 2.0 against fracture of 
its weakest effective net area. 

The part of the member occupied by the net area at fastener holes has a negli- 
gible length relative to the total length of the member; thus, yielding of the net 
area at fastener holes does not constitute a limit state of practical significance. 
For the very rare case where holes or slots, other than rivet or bolt holes, are 
located in a tension member, it is conceivable that they could have an apprecia- 
ble length in the direction of the tensile force. The failure limit states of general 
yielding on the gross area and fracture on the reduced area are still the princi- 
pal limit states of concern. However, when the length of the reduced area ex- 
ceeds the member depth or constitutes an appreciable portion of the member's 
length, yielding of the net area may become a serviceability limit state meriting 
special consideration and exercise of engineering judgment. 

The mode of failure is dependent upon the ratio of effective net area to gross 
area and the mechanical properties of the steel. The boundary between these 
modes, according to the provisions of Sect. D l ,  is defined by the equation 
AJA, = 0.6F,,/0.5Fu. When AJA, r F,/0.833Fu, general yielding of the mem- 
ber will be the failure mode. When AeIAg < F,/0.833Fu, fracture at the weakest 
net area will be the failure mode. 

In the case of short fittings used to transfer tensile force, an upper limit of 0.85 
is placed on the ratio Ae/Ag. See B3. 

Forged eyebars have generally been replaced by pin-connected plates or eye- 
bars thermally cut from plates. Provisions for the proportioning of eyebars are 
based upon standards evolved from long experience with forged eyebars. 

rough extensive destructive testing, eyebars have been found to provide bal- 
anced designs when they are thermally cut instead of forged. 



more conservative 
tion and those not 
results of experimental research (Johnston, 1939). 

Somewhat stockier proportions are provided for eyebars and pin-connected 
members fabricated from steel having yield stress greater than 70 ksi to elirni- 
nate any possibility of their "dishing" under the higher working stress. 



The Commentary on Sect. C2 regarding frame stability and effective length 
factors applies here. Further analytical methods, formulas, charts and ref- 
erences for the determination of effective length are provided in the SSRC 
Guide to Stability Design Criteria for Metal Structures (Galambos, 1988). 

Equations (E2-1) and (E2-2) are founded upon the basic column strength esti- 
mate suggested by the Structural Stability Research Council. This estimate as- 
sumes that the upper limit of elastic buckling failure is defined by an average 
column stress equal to lh of yield stress. The slenderness ratio C, correspond- 
ing to this limit, can be expressed in terms of the yield stress of a given grade 
of structural steel as 

A variable factor of safety has been applied to the column strength estimate to 
obtain allowable stresses. For very short columns, this factor has been taken as 
equal to, or only slightly greater than, that required for members axially 
loaded in tension, and can be justified by the insensitivity of such members to 
accidental eccentricities. For longer columns, entering the Euler slenderness 
range, the factor is increased 15% to approximately the value provided in the 
MSG Specification since it was first published. 

To provide a smooth transition between these limits, the factor of safety has 
been defined arbitrarily by the algebraic equivalent of a quarter sine curve 
whose abscissas are the ratio of given Kllr values to the limiting value C,, and 
whose ordinates vary from 513 when Kllr equals 0 to 23/12 when Kllr equals C,. 

Equation (E2-2) covering slender columns (Kllr greater than C,) which fail by 
elastic buckling, is based upon a constant factor of safety of 23/12 with respect 
to the elastic (Euler) column strength. 

Torsional buckling of symmetric shapes and flexural-torsional buckling of un- 
symmetric shapes are failure modes usually not considered in the design of hot- 
rolled columns. They generally do not govern or the critical load differs very 
little from the weak axis planar buckling load. Such buckling loads may, how- 
ever, control the capacity of symmetric columns made from relatively thin 
plate elements and of unsymmetric columns. 

*For tapered members, also see Commentary Appendix F7. 
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F, can be obtained directly 
fective slenderness is then given by 

The allowable stress is then obtained from Equations (E2-1) or (E2-2). 

Requirements for detailing of built-up members, which cannot be stated in 
terms of calculated stress, are based upon judgment, tempered by experience. 

The longitudinal spacing of fasteners connecting components of built-up com- 
pression members must be such that the effective slenderness ratio KJr of the 
individual shape does not exceed 75% of the slenderness ratio Kllr of the entire 
member. In addition, at least two intermediate connectors must be used along 
the length of the built-up member. To minimize the possibility of slip, the con- 
nectors must be welded or use high-strength bolts tightened to the require- 
ments of Table J3.7. However, maximum fastener spacing less than that neces- 
sary to prevent local buckling may be needed to ensure a close fit-up over the 
entire faying surface of components designed to be in contact. 

Provisions based on this latter consideration are of little structural significance. 
Hence, some latitude is warranted in relating them to the given dimensions of 
a particular member. 

The provisions governing the proportioning of perforated cover plates are 
based on extensive experimental research (Stang and Jaffe, 1948). 

The column web shear stresses may be high within the boundaries of the rigid 
connection of two or more members whose webs lie in a common plane. Such 
webs should be reinforced when the calculated stress along plane A-A in Fig. 
C-E6.1 exceeds the allowable shear stress 

ZFl(d, x t,) 5 F, (C-E6-2) 

where: 
M, =MI, +MI, =sum of the moments due to the lateral load MIL and 

the moments due to gravity load MIG on the leeward 
side of the connection, kip-in. 

M2 =MZL -MZG =difference between the moments due to lateral load 
MZL and the moments due to gravity load MZG On the 
windward side of the connection, kip-in. 
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When flexural members, loaded to produce bending about their strong axis, 
are proportioned with width-thickness ratios not exceeding the noncompact 
section limits of Sect. 5, and are adequately braced to prevent the lateral dis- 
placement of the compression flange, they provide bending resistance equal at 
least to the product of their section modulus and yield stress, even when the 
width-thickness ratio of compressed elements of their profile is such that local 
buckling may be imminent. Lateral buckling of members bent about their 
strong axis may be prevented by bracing which either restrains the compression 
flange against lateral displacement or restrains the cross section against twisting 
which would induce bending about the weaker axis. Members bent solely 
about their minor axis, and members having approximately the same strength 
about both axes, do not buckle laterally and therefore may be stressed to the 
full allowable bending stress, consistent with the width-thickness proportions 
of their compression elements, without bracing. 

Research in plastic design has demonstrated that local buckling will not occur 
in homogeneous sections meeting the requirements of Sect. F1.l before the full 
plastic moment is reached. Practically all and S shapes of A36 steel and a 
large proportion of these shapes having a yield stress of 50 ksi meet these pro- 
visions and are termed "compact" sections. It is obvious that the possibility of 
overload failure in bending of such rolled shapes must involve a higher level of 
stress (computed on the basis of MIS) than bers having more slender com- 
pression elements. Since the shape factor nd S beams is generally in ex- 
cess of 1.12, the allowable bending stress for such members has been raised 
10% from 0.60Fy to 0.66Fy. 

The further provisions permitting the arbitrary redistribution of 10% of the 
moment at points of support, due to gravity loading, gives partial recognition 
to the philosophy of plastic design. Subject to the restrictions provided in Sect. 
F1.l, continuous framing consisting of compact members may be proportioned 
on the basis of the allowable stress provisions of Chaps. D through K of the 
Specification when the moments, before redistribution, are determined on the 
basis of an elastic analysis. Fig. C-Fl.l illustrates the application of this provi- 
sion by comparing calculated moment diagrams with the diagrams as altered by 
this provision. 

Equation (Fl-3) avoids an abrupt transition between an allowable bending 
stress of 0.66Fy when the half-flange width-to-thickness ratio of laterally sup- 
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ported com ression flanges exceeds 6 5 / f l y  and when this ratio is no more 
than 95/& The assured hinge rotation capacity in this range is too small to 
permit redistribution of computed moment. Equation (Fl-4) performs a simi- 
lar function for homogeneous plate girders. See Commentary Sect. B5. 

The allowable bending stress for all other flexural members is given as 0.60Fy, 
provided the member is braced laterally at relatively close intervals (llbf 5 
76/*). 

3. Members with Compact or oncornpact Sections 
reater than LC 

Members bent about their major axis and having an axis of symmetry in the 
plane of loading may be braced laterally at intervals greater than 7 6 b f l q  or 
20,000/(dlAf)Fy if the maximum bending stress is reduced sufficiently to pre- 
vent premature buckling of the compression flange. 

The combination of Equations (Fl-6) or (Fl-7) and ( 1-8) provides a reason- 
able design criterion in convenient form. Equations (Fl-6) and (Fl-7) are 
based on the assumption that only the bending stiffness of the compression 
flange will prevent the lateral displacement of that element between bracing 
points. 

Equation (Fl-8) is a convenient approximation which assumes the presence of 
both lateral bending resistance and St. Venant torsional resistance. Its agree- 
ment with more exact expressions for the buckling strength of intermittently 
braced flexural members (Galambos, 1988) is closest for homogeneous sections 
having substantial resistance to St. Venant torsion, identifiable in the case of 

A = Actual moment diagram 
I3 = Modified diagram corresponding to 10 percent moment reduction allowance at 

interior supports 

Fig. C-F1.I 
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base the lateral buckling resistance solely on warping torsion of the flange. 
Hence, use of Equation (Fl-8) is not permitted for such members. 

For some sections having a compression flange area distinctly smaller than the 
tension flange area, Equation (Fl-8) may be unconservative; for this reason, its 
use is limited to sections whose compression flange area is at least as great as 
the tension flange. In plate girders, which usually have a much higher dlAfratio 
than rolled W shapes, Equation (Fl-8) may err grossly on the conservative 
side. For such members, the larger stress permitted by Equation (F1-6), and at 
times by Equation (Fl-7), affords the better estimate of buckling strength. Al- 
though these latter equations underestimate the buckling strength somewhat 
because they ignore the St. Venant torsional rigidity profile, this rigidity for 
such sections is relatively small and the margin of overconservatism, therefore, 
is likewise small. 

Equation (Fl-8) is written for the case of elastic buckling. A transition is not 
provided for this formula in the inelastic stress range because, when actual con- 
ditions of load application and variation in bending moment are considered, 
any unconservative error without the transition will be small. 

Singly symmetrical, built-up, I-shape members, such as some crane girders, 
often have an increased compression flange area in order to resist bending due 
to lateral loading acting in conjunction with the vertical loads. Such members 
usually can be proportioned for the full allowable bending stress when the 
stress is produced by the combined vertical and horizontal loading. Where the 
failure mode of a singly symmetrical I-shape member having a larger compres- 
sion than tension flange would be by lateral buckling, the allowable bending 
stress can be obtained by using Equations (El-6), (Fl-7) or (Fl-8). 

Through the introduction of the modifier Cb, some liberalization in stress is 
permissible when there is moment gradient over the unbraced length, except 
that Cb must be taken as unity when computing Fb, for use in Equation ( 
for frames braced against joint translation (Galambos, 1988). 

Equations (Fl-6) and (Fl-7) may be refined to include both St. Venant and 
warping torsion by substituting a derived value for IT. The equivalent radius of 
gyration, rTequiv, can be obtained by equating the appropriate expression giving 
the critical elastic bending stress for the compression flange of a beam with that 
of an axially loaded column (Galambos, 1988). 

For the case of a doubly-symmetrical I-shape beam, 

where 
I,, = minor axis moment of inertia of the member 
S, = major axis section modulus 



Closer approximations of Equations (Fl-7) and (Fl-8) are given in Galambos, 
1988. 

The 25% increase in allowable bending stress for compact sections and solid 
rectangular bars bent about their weak axis, as well as for square and rectangu- 
lar bars, is based upon the favorable shape factor present when these sections 
are bent about their weaker axis, and the fact that, in this position, they are not 
subject to lateral-torsional buckling. While the plastic bending strength of 
these shapes, bent in this direction, is considerably more than 25% in excess of 
their elastic bending strength, full advantage is not taken of this fact in order 
to provide elastic behavior at service loading. 

Equation (F2-3), like Equation (F1-3), is a transition between the allowable 
bending stress of 0.75Fy at bf/2tf = 65/* and the lower stress of 0.60Fy at 
bf/2tf = 95/*. 

The provision for compact circular members is given in Table 
1976). 

Supplement No. 3 (1974) to the 1969 Specification added Equation (F3-2), an 
unsupported length criteria for compact tubular members with rectangular 
cross sections. The equation recognizes the effect of moment gradient, and 
tests have shown it to be conservative (Sherman, 1.976). 

ox-type members are torsionally very stiff (Galambos, 1988). The critical 
exural stress due to lateral-torsional buckling, for the compression flange of a 

box-type beam loaded in the plane of its minor axis so as to bend about its 
major axis, can be obtained using Equation (E2-1) with an equivalent slender- 
ness ratio, by the expression 

where: 
1 = distance between points of lateral support, in. 
S, = elastic section modulus about major axis, in.3 
1, = moment of inertia about minor axis, in.4 
J = torsional constant for a section, in.4 

It can be shown that, when d < 10b and Wb < 2500/Fy, the allowable compres- 
sion flange stress indicated by the above equation will approximate 0.60F'. Be- 
yond this limit, de ection rather than stress is likely to be the design criterion. 



Although the shear yield stress of structural steel has been variously estimated 
as between 1/2 and % of the tension and compression yield stress and is fre- 
quently taken as di,lG, it will be noted that the allowable value is given as % 
the recommended basic allowable tensile stress, substantially as it has been 
since the first edition of the AISC Specification published in 1923. This appar- 
ent reduction in factor of safety is justified by the minor consequences of shear 
yielding, as compared with those associated with tension and compression 
yielding, and by the effect of strain hardening. 

Although the allowable stress of 0.40Fy may be applied over the full area of the 
beam web, judgment should be used in cases where a connection length is con- 
siderably less than the depth of the beam. 

When the computed average shear stress in the web is less than that permitted 
by Equation (F4-2), intermediate stiffeners are not required, provided the 
depth of the girders is limited to 260 times the web thickness. Such girders do 
not depend upon tension field action. 

In order to facilitate handling during fabrication and erection, when intermedi- 
ate stiffeners are required the panel aspect ratio alh is arbitrarily limited by 
Equation (F5-1) to [260/(hlt,)]2, with a maximum spacing of 3 times the girder 
depth. 



The limiting web depth-thickness ratio to prevent vertical buckling of the com- 
pression flange into the web, before attainment of yield stress in the flange due 
to flexure, may be increased when transverse stiffeners are provided, spaced not 
more than 1% times the girder depth on centers. 

The provision hlt, 5 2000/* is based upon tests on both homogeneous and 
hybrid girders with flanges having a specified yield stress of 100 ksi and a web 
of similar or weaker steel (ASCE-AASHO, 1968). 

In regions of maximum bending moment, a portion of a thin web may deflect 
enough laterally on the compression side of the neutral axis that it does not 
provide the full bending resistance assumed in proportioning the girder on the 
basis of its moment of inertia. The compression stress which the web would 
have resisted is therefore shifted to the compression flange. But because the 
relative bending strength of this flange is so much greater than that of the later- 
ally displaced portion of the web, the resulting increase in flange stress is at 
most only a few percent. The allowable design stress in the compression flange 
is reduced by the plate girder factor RpG to ensure sufficient bending capacity 
is provided in the flange to compensate for any loss of bending strength in the 
web due to its lateral displacement. 

To compensate for the slight loss of bending resistance when portions of the web 
of a hybrid flexural member are strained beyond their yield stress limit, the hybrid 
girder factor Re reduces the allowable flange bending stress applicable to both 
flanges. The extent of the reduction is dependent upon the ratio of web area to flange 
area and of .6<, to F,. This is changed due to the reduction of & based on local 
or lateral buckling. These reduction factors are multiplicable in the determination 
of the allowable bending stress for hybrid girders (Equation (G2-1)). This is to re- 
flect the fact that the web continues to contribute some strength beyond the point 
of theoretical web buckling ( h h ,  = 7601JFb ) . 

Unlike columns, which actually are on the verge of collapse as their buckling 
stage is approached, the panels of the plate girder web, bounded on all sides by 
the girder flanges or transverse stiffeners, are capable of carrying loads far in 
excess of their "web buckling" load. Upon reaching the theoretical buckling 
limit, very slight lateral displacements will have developed in the web. Never- 
theless, they are of no structural significance, because other means are still 
present to assist in resisting further loading. 

When transverse stiffeners are properly spaced and strong enough to act as 
compression struts, membrane stresses, due to shear forces greater than those 
associated with the theoretical buckling load, form diagonal tension fields. 



resulting combination in effect provides tt truss which, without producing 
yield stress in the steel, furnishes the c to resist applied shear forces un- 
accounted for by the linear buckling theory. 

Analytical methods based upon this action have been developed (Basler and 
Thurlimann, 1963 and Basler, 1961) and corroborated in an extensive program 
of tests (Basler et al, 1960). These methods form the basis for E uation 
(G3-1). Use of tension field action is not counted upon when 0.60Fy ? 3 5 F, 
5 0.40FY, nor when alh > 3.0. Until further research is completed, it is not rec- 
ommended for hybrid girders. 

To provide adequate lateral support for the web, all stiffeners are required to 
have a moment of inertia at least equal to (h150)4. In many cases, however, this 
provision will be overshadowed by the gross area requirement. The amount of 
stiffener area necessary to develop the tension field, which is dependent upon 
the ratios alh and hlt,,,, is given by Equation (64-1). Larger gross areas are re- 
quired for one-sided stiffeners than for pairs of stiffeners, because of the eccen- 
tric nature of their loading. 

The amount of shear to be transferred between web and stiffeners is not af- 
fected by the eccentricity of loading and generally is so small that it can be 
taken care of by the minimum sized fillet weld. The specified Equation (64-3) 
affords a conservative estimate of required shear transfer under any condition 
of stress permitted by Equation (G3-1). The shear transfer between web and 
stiffener due to tension field action and that due to a concentrated load or reac- 
tion in line with the stiffeners are not additive. The stiffener need only be con- 
nected for the larger of the two shears. 

See Commentary G3. 

Unless a flexural member is designed on the basis of tension field action, no 
stress reduction is required due to the interaction of concurrent bending and 
shear stress. 

It has been shown that plate girder webs subject to tension field action can be 
proportioned on the basis of (Basler, 1979): 

1. The allowable bending stress Fb, when the concurrent shear stress f,, is 
not greater than 0.60 of the allowable shear stress F,, or 

2. The allowable shear stress F,, when the concurrent bending stress fb is 
not greater than 0.75 of the allowable bending stress Fb. 

Beyond these limits a linear interaction formula is provided in the AISC ASD 
Specification by Equation (65-1). 

However, because the webs of homogeneous girders of steel with yield points 
greater than 65 ksi loaded to their full capacity in bending develop more wavi- 
ness than less-heavily-stressed girder webs of lower strength grades of steel, 
use of tension field action is limited in the case of webs with yield stress greater 
than 65 ksi to regions where the concurrent bending stress is no more than 
0.756. 



A 
The application of moment along the unbraced length of axially loaded members, 
with its attendant axial displacement in the plane of bending, generates a second- 
ary moment equal to the product of resulting eccentricity and the applied axial load, 
which is not reflected in the computed stress&. To provide for this added moment 
in the design of members subject to combined axial and bending stress, Equation 
(HI-I) requires that& be amplified by the factor 

(C-HI-I) 

Depending upon the shape of the applied moment diagram (and, hence, the 
critical location and magnitude of the induced eccentricity), this factor may 
overestimate the extent of the secondary moment. To take care of this condi- 
tion the amplification factor is modified, as required, by a reduction factor C,. 

When bending occurs about both the x- and y-axes, the bending stress calcu- 
lated about each axis is adjusted by the value of Cm and k;: corresponding to 
the distribution of moment and the slenderness ratio in its plane of bending. It 
is then taken as a fraction of the stress permitted for bending about that axis, 
with due regard to the unbraced length of compression flange where this is a 
factor. 

hen the computed axial stress is no greater than 15% of the permissible axial 
stress, the influence of 

is generally small and may be neglected, as provided in Equation (HI-3). Mow- 
ever, its use in Equation (HI-1) is not intended to permit a value off, greater 
than d;b when the value of em and f, are both small. 

Depending upon the slenderness ratio of the given unbraced length of a mem- 
ber in the plane of bending, the combined stress computed at one or both ends 
of this length may excee the combined stress at all inter 
lateral displacement is ated by the applied moments. 
the combined stress in this case is established by Equation (HI-2). 

e classification of members subject to combined axial compression and 
ending stresses is dependent u on two conditions: the stability against sides- 

way of the frame of whi n integral part, and t 
sence of transverse loading b oints of support in th 
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Note that fb is defined as the computed 
eration. In the absence of transverse 1 
computed from the larger of the momen 
termediate transverse loading is presen 
supported points is used to compute fb 

ever, to investigate the possibility of buckling failure, the maximum moment 
between points of support is used to compute fb in Equation (HI-I). 

In Equations (Hl-1), (Hl-2) and (Hl-3), %;b, includes lateral-torsional buckling 
effects as provided in Equations (F1-6), (F1-7) and (F1-8). 

Three categories are to be considered in computing values of Cm: 
Category a covers columns in frames subject to sidesway, i.e., frames 
which depend upon the bending sti ess of their several members for 
overall lateral stability. For determining the value of Fa and F:, the effec- 
tive length of such members, as discussed under C2, is never 
less than the actual unbraced length in the plane of bending, and may be 
greater than this length. The actual length is used in computing moments. 
For this case the value of Cm can be taken as 

However, under the combination of compression stress and bending stress 
most affected by the amplification factor, a value of 0.15 can be substi- 
tuted for 0.18falF:. Hence, a constant value of 0.85 is recommended for 
Cm here. * 

Category b applies to columns not subject to transverse loading in frames 
where sidesway is prevented. For determining the value of Fa and F:, the 
effective length of such members is never greater than the actual unbraced 
length and may be somewhat less. e actual length is use 
moments. 

For this category, the greatest eccentricity, and hence the greatest amplifi- 
cation, occurs when the end moments, * * are numerically 
equal and cause single curvature. It is least when they are numerically 
equal and of a direction to cause reverse curvature. 

To properly evaluate the relationship between end moment and amplified 
moment, the concept of an equivalent moment Me to be used in lieu of the 
numerically smaller end moment, has been suggested. 
as the value of equal end moments of opposite signs which would cause 
failure at the same concurrent axial load as would the given unequd end 

*See Commentary Sect. C2 for cases where C, for unbraced frames 10 to 40 stories high may be 
computed as for braced frames. 

**The sign convention for moments here and in Chap. M is that generally used in frame analysis. It 
should not be confused with the beam sign convention used in many textbooks. Moments are con- 
sidered positive when acting clockwise about a fixed point, negative when acting counter- 
clockwise. 



moments. Then, 1% can be written in terms of +M,IM2 as 
(Galambos, 1988): 

It has been noted that the simpler formulation (Austin, 1961): 

affords a good approximation to this expression. The 0.4 limit on C,,, cor- 
responding to a m/& ratio of 0.5, was included in the 1978 AISC Specifi- 
cation. The limit was intended to apply to lateral-torsional buckling and 
not to second-order, in-plane bending strength. As in the 1978 AISC 
Specification and the 1986 AISC LRFD Specification, this AISC ASD 
Specification uses a modification factor Cb as given in Sect. F1.3 for 
lateral-torsional buckling. Cb which is limited to 2.3, is approximately the 
inverse of C,,, as presented in Austin (1961) with a .4 limit. In Zandonini 
(1985) it was pointed out this Cm equation could be used for in-plane sec- 
ond order moments if the 0.4 limit was eliminated. This adjustment has 
been made here, as it is in the 1986 AISC LRFD Specification. 

Category c is exemplified by the compression chord of a truss subject to 
transverse loading between panel points, or by a simply supported column 
subjected to transverse loads between supports. For such cases, the value 
of Cm can be approximated using the equation: 

Values of + for several conditions of transverse loading and end restraint 
(simulating continuity at panel points) are given in Table C-HI. 1, together 
with two cases of simply supported beam-columns. In the case of continu- 
ity at panel points, fb is maximum at the restrained ends or end, and the 
value of Cm for usualf,/FL ratios is only slightly less than unity (a value of 
0.85 is suggested in the Specification in the final paragraph of 
terminate (simply supported) beam-columns, fb is maximum at or near 
midspan, depending upon the pattern of transverse loading. For this case 

where 
6, = maximum deflection due to tranverse loading 
M, = maximum moment between supports due to transverse loading 

If, as in the case of a derrick boom, such a beam-column is subject to 
transverse (gravity) load and a calculable amount of end moment, 6, 
should include the deflection between supports produced by this moment. 

d moments in indeterminate members, 



members, where the amplified bending stress is maximum between supports, 
buckling-type failure is also of concern. 

Note that Fa is governed by the maximum slenderness ratio, regardless of the 
plane of bending. F:, on the other hand, is always governed by the slenderness 
ratio in the plane of bending. Thus, when flexure is about the strong axis only, 
two different values of slenderness ratio may be involved in solving a given 
problem. 

Contrary to the behavior in compression members, axial tension tends to re- 
duce the bending stress because the secondary moment, which is the product 
of the deflection and the axial tension, is opposite in sense to the applied mo- 
ment; thus, the secondary moment diminishes, rather than amplifies, the pri- 
mary moment. 

Case 

f,, I - 0.2---- 
F', 



When the dimensions of a concrete slab supported by steel beams are such that 
the slab can effectively serve as the flange of a composite T-beam, and the con- 
crete and steel are adequately tied together so as to act as a unit, the beam can 
be proportioned on the assumption of composite action. 

Two cases are recognized: fully encased steel beams, which depend upon natu- 
ral bond for interaction with the concrete, and beams with mechanical anchor- 
age to the slab (shear connectors), which do not have to be encased. 

For composite beams with formed steel deck, studies have demonstrated that 
total slab thickness, including ribs, can be used in determining effective slab 
width (Grant, Fisher and Slutter, 1977 and Fisher, 1970). 

Unless temporary shores are used, beams encased in concrete and intercon- 
nected only by a natural bond must be proportioned to support all of the dead 
load, unassisted by the concrete, plus the superimposed live load in composite 
action, without exceeding the allowable bending stress for steel provided in 
Chap. F. 

Because the completely encased steel section is restrained from both local and 
lateral buckling, an allowable stress of 0.66Fy, rather than 0.60Fy, can be ap- 
plied when the analysis is based on the properties of the transformed section. 
The alternate provision to be used in designs where a fully encased beam is 
proportioned, on the basis of the steel beam alone, to resist all loads at a stress 
not greater than 0.76Fy, reflects a common engineering practice where it is de- 
sired to eliminate the calculation of composite section properties. 

When shear connectors are used to obtain composite action, this action may be 
assumed, within certain limits, in proportioning the beam for the moments cre- 
ated by the sum of live and dead loads, even for unshored construction (Fisher, 
1970). This liberalization is based upon an ultimate strength concept, although 
the provisions for proportioning of the member are based upon the elastic sec- 
tion modulus of the transformed cross section. 

The flexural capacity of composite steel-concrete beams designed for complete 
composite action is the same for either lightweight or normal weight concrete, 
given the same area of concrete slab and concrete strength, but with the num- 
ber of shear connectors iate to the type of concrete. The same concrete 
design stress level can be r both types of concrete. 



construction, so the steel be 
perposition of precomposit 

0.9Fy. This direct stress check replaces the derived equivalent maximum trans- 
formed section modulus used in the past. The 0.9Fy stress limit only prevents 
permanent deformation under service loads and has no effect on the ultimate 
moment capacity of the composite beam. 

On the other hand, to avoid excessively conservative slab-to-beam propor- 
tions, it is required that the flexural stress in the concrete slab, due to compos- 
ite action, be computed on the basis of the transformed section modulus, re- 
ferred to the top of concrete, and limited to the generally accepted working 
stress limit. 

For a given beam and concrete slab, the increase in bending strength interme- 
diate between no composite action and full composite action is dependent 
upon the shear resistance developed between the steel and concrete, i.e., the 
number of shear connectors provided between these limits (Slutter and 
Driscoll, 1965). Usually, it is not necessary, and occasionally it may not be fea- 
sible, to provide full composite action. Therefore, the AISC ASD Specification 
recognizes two conditions: full and partial composite action. 

For the case where total shear VI';, developed between steel and concrete on 
each side of the point of maximum moment is less than Vh, Equation (12-1) can 
be used to derive an effective section modulus Sen having a value less than the 
section modulus for fully effective composite action S,, but more than that of 
the steel beam alone. 

Composite beams in which the longitudinal spacing of shear connectors has 
been varied according to the intensity of shear, and duplicate beams where the 
required number of connectors were uniformly spaced, have exhibited the 
same ultimate strength and the same amount of deflection at normal working 
loads. Only a slight deformation in the concrete and the more heavily stressed 
shear connectors is needed to redistribute the horizontal shear to the other less 
heavily stressed connectors. The important consideration is that the total num- 
ber of connectors be sufficient to develop the shear Vh either side of the point 
of maximum moment. The provisions of the AISC ASD Specification are 
based upon this concept of composite action. 

In computing the section modulus at points of maximum negative bending, re- 
inforcement parallel to the steel beam and lying within the effective width of 
slab may be included, provided such reinforcement is properly anchored be- 
yond the region of negative moment. However, enough shear connectors are 
required to transfer, from slab to the steel beam, one-half of the ultimate ten- 
sile strength of the reinforcement. 

Studies have defined stud shear connection strength Q, in terms of normal 
weight and lightweight aggregate concretes, as a function of both concrete 
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modulus of elasticity and concrete strength (McGarraugh and Baldwin, 1971 
and Ollgaard, Slutter and Fisher, 1971): 

where 

A, =cross-sectional area of stud, in.' 
f,' =concrete compressive strength, ksi 
Ec =concrete modulus of elasticity, ksi 

Tests have shown that fully com site beams designed using the values in Ta- 
bles 14.1 andor 14.2 as , and concrete meeting the requirements of 

art 3, Chap. 4, "Concrete Quality", of ACI Standard 318-83 made with 
C33 or C330 aggregates, develop their full flexural capacity (Ollgaard, 
and Fisher, 1971). For normal weight concrete, compressive strengths 
than 4.0 ksi do not increase the shear capacity of the connectors, as is 
d in Table 14.1. For lightweight concrete, compressive strengths greater 

than 5 ksi do not increase the shear capacity of the connectors. The reduction 
coefficients in Table 14.2 are applicable to both stud and channel shear connec- 
tors and provide comparable margins of safety. 

site action is counted upon to provide flexural capacity, 
minimum value of Vi is to prevent excessive slip as well 

as substantial loss in beam sti ess. Studies indicate that Equations (12-1) and 
(14-4) adequately reflect the reduction in strength and beam stiffness, respec- 
tively, when fewer connectors than required for full composite action are used. 

ere adequate flexura apacity is provided by the steel beam alone, that is, 
composite action to any gree is not required for flexural strength, but where 
it is desired to provide interconnection between the steel frame and the con- 
crete slab for other reasons, such as to increase frame stiffness or to take ad- 
vantage of diaphragm action, the minimum requirement that Vh be not less 
than Vh/4 does not apply. 

e required shear connectors can generally be spaced uniformly between the 
points of maximum and zero oment (Slutter and Driscoll, 1965). However, 

ading patterns can produce a condition where closer connector spac- 
ired over part of this distance. 

For example, consider the case of a uniformly loaded simple beam also re- 
quired to support two equal concentrated loads, symmetrically disposed about 
midspan, of such magnitude that the moment at the concentrated loads is only 
slightly less than the maximum moment at midspan. The number of shear con- 
nectors N2 required between each end of the beam and the adjacent concen- 

d would be only slightly less than the number N, required between 

quation (14-5) is provi ed to determine the number of connectors, Nz, re- 



e concentrated loa e nearest point of zero 
the following req 

where 
S = section modulus required at the concentrated load at which loca- 

tion moment equa 
Seff = section modulus req qua1 to S,  for fully composite 

case), in.3 
Ss = section modulus of 

N, = number of studs re to zero moment 
N2 = number of studs required from M to zero moment 
M = moment at the concentrated load point 
,, = maximum moment in the beam 

Noting that SISeff = MI ,, and defining Q as Sefl/Ss, the above equation is 
equivalent to Equation (14-5). 

the issuance of Suppleme No. 3 to the 1969 AISC Specification, the re- 
ment for 1-in. cover over e tops of studs was eliminated. Only the con- 

crete surrounding the stud below the head contributes to the strength of the 
stud in resistance to shear. W e n  stud shear connectors are installed on beams 
with formed steel deck, concrete cover at the sides of studs adjacent to sides of 
steel ribs is not critical. Tests have shown that studs installed as close as is per- 
mitted to accomplish welding of studs does not reduce the composite beam ca- 
pacity. 

Stud welds not located directly over t e web of a beam tend to tear out of a 
thin flange before attaining their full shear-resisting capacity. To guard against 
this contingency, the size of a stud not located over the beam web is limited to 
2% times the flange thickness. 

The 6-diameter minimum center-to-center spacing of studs in the longitudinal 
direction is based upon observation of concrete shear failure surfaces in sec- 
tioned flat soffit concrete slab composite beams which had been tested to full 
ultimate strength. The reduction in connection capacity of more closely spaced 
shear studs within the ribs of formed steel decks oriented per en 
beam or girder, is accounted for by the parameter 0.851 N, in 
(15-1). 

P 

en studs are used on beams with formed steel deck, they may be welded di- 
rectly through the deck or through prepunched or cut-in-place holes in the 
deck. The usual procedure is to install studs by welding directly through the 
deck; however, when the deck thickness is greater than 16 ga. for single thick- 
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ness, or 18 ga. for each sheet of double thickness, or when the total thickness 
of galvanized coating is greater than 1.25 ounces per sq. ft., special precautions 
and procedures recommended by the stud manufacturer should be followed. 

Fig. C-15.1 is a graphic presentation of the terminology used in Sect. 15.1. 

The design rules which have been added for composite construction with 
formed steel deck are based upon a study of all available test results (Grant, 
Fisher and Slutter, 1977). The limiting parameters listed in Sect. 15.1 were es- 
tablished to keep composite construction with formed steel deck within the 
available research data. 

2" min. 

h, 5 3" 

~ r _ l r n .  

2" min. 

2" min. 

h, 5 3" 

2" min. 

h, 3 3" 

u 
2" min. 

Figure C-15.1 
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concrete slab on formed steel deck 
sults supplemented by the results of 

and steel deck dimensions en- 
compassed by the 75 tests were limited to: 

1. Stud dimensions: %-in dia. x 3.00 to 7.00 in. 
2. Rib width: 1.94 in. to 7.25 in. 
3. Rib height: 0.88 in. to 3.00 in. 
4. Ratio wrlhr: 1.30 to 3.33 
5. Ratio Hslhr: 1.50 to 3.41 
6. Number of studs 

in any one rib: 1, 2, or 3 

Based upon all tests, the strength of stud connectors in flat soffit composite slab 
beams, determined in previous test programs, when multiplied by values com- 
puted from Equation (15-I), reasonably approximates the strength of stud con- 
nectors installed in the ribs of concrete slabs on formed steel deck with the ribs 
oriented perpendicular to the steel beam (Ollgaard, Slutter and Fisher, 1971). 
Hence, Equation (15-1) provides a reasonable reduction factor to be applied to 
the allowable design stresses in Tables 14.1 and 14.2. 

Testing has shown that the maximum spacing of shear connectors can be in- 
creased to 36 in. instead of the previous value of 32 in. (Klyce, 1988). 

For the case where ribs run parallel to the beam, limited testing has shown that 
shear connection is not significantly affected by the ribs (Grant, Fisher and 

owever, for narrow ribs, where the ratio wrlhr is less than 1.5, 
a shear stud reduction factor, Equation (15-2), has been suggested in view of 
lack of test data. 

The Lehigh study also indicated that Equation (12-1) for effective section mod- 
ulus and Equation (14-4) for effective moment of inertia were valid for com- 
posite construction with formed steel deck (Grant, Fisher and Slutter, 1977). 

When metal deck includes units for carrying electrical wiring, crossover head- 
ers are commonly installe over the cellular deck, perpendicular to the ribs, in 
effect creating trenches which completely or partially replace sections of the 
concrete slab above the deck. These trenches, running parallel to or transverse 
to a composite beam, may reduce the effectiveness of the concrete flange. With- 
out special provisions to replace the concrete displaced by the trench, the 
trench should be considered as a complete structural discontinuity in the con- 
crete flange. When trenches are parallel to the composite beam, the effective 
flange width should be determined from the known position of the trench. 

Trenches oriented transverse to the composite beam should, if possible, be lo- 
cated in areas of low bending moment and the full required number of studs 
should be placed between the trench and the point of maximum positive mo- 

ere the trench cannot be located in an area of low moment, the beam 
should be designed as non-composite. 



fied but still hot weld metal contracts significantly as it cools to ambient 
temperature. Shrinkage of large welds between elements which are not free to 
move to accommodate the shrinkage causes strains in the material adjacent to 
the weld that can exceed the yield point strain. In thick material, the weld 
shrinkage is restrained in the thickness direction as well as in the width and 
length directions causing triaxial stresses to develop that may inhibit the ability 
of ductile steel to deform in a ductile manner. Under these conditions, the pos- 
sibility of brittle fracture increases. 

4 and 5 rolled sections or heavy welded built-up 
ful weld shrinkage strains can be avoided by use 

of bolted splices or fi ed lap splices or a splice using a combination 
welded and bolted detail (Fig. C-91.1). Details and techniques, that perform 

aterials of modest thickness usually must be changed or supple- 
uirements when welding thick material. Also, 
ding Code AWS D1.l are minimum require- 

ments that apply to most structural welding situations; however, when design- 
ing and fabricating welded splices of Group 4 and 5 shapes and similar built-up 

d : 1 
4 : 7 

a. Shear plate welded to web b. Shear plate welded c. Bolted splice plates 
to flange tips 

Fig. 62-.TI .I .  Alternativ at minimize weld resistant tensile stresses 
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@ Notch-tough requirements s 
See Commentary 8 3 .  lc. 

c~ Generously sued weld access holes (fig. C-J1.2) are required to pro- 
vide increased relief from concentrated weld shrinkage strains, to avoid 
close juncture of welds in orthogonal rections, and to p 
quate clearance for the exercise of hi quality workman 
preparation, welding and ease of inspection. 

@ Preheating for thermal cutting is required to minimize the formation of 
a hard surface layer. 

@ Grinding to bright metal and inspection using magnetic particle or dye 
penetrant methods is required to remove the hard surface layer and to 
assure smooth transitions free of notches or cracks. 

In addition to tension splices of truss chord members and tension flanges of 
flexural members, other joints fabricated of heavy sections subject to tension 
should be given special consideration during design and fabrication. 

- 
a. Rolled shape 

Predrilled or 
sawed hole, " t~ dia. immaterial 

be tangent 

b. Built-up shape 

d. Optional access hole e. Beam cope detail 

c. Built-up shape 

Predrilled or 
sawed hole, 

( dia. immaterial , 

Notches not permitted, 
but need not be tangent 

f. Optional beam cope 

Note: For Group 4 and 5 shapes and welded built-up members made of material more than 2-in. 
thick, preheat prior to thermal cutting, grind and inspect thermally cut edges using magnetic 
particle or dye penetrant methods. 

Fig. C-J1.2. Weld access hole and beam cope geometry 
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Slight eccentricities between the gravity axis of single- and double-angle mem- 
bers and the center of gravity of their connecting bolts or rivets have long been 
ignored as having negligible effect upon the static strength of such members. 
Tests have shown that similar practice is warranted in the case of welded mem- 
bers in statically loaded structures (Gibson and Wake, 1942). 
tigue life of single angles, loaded in tension or compression, has been shown to 
be very short (Koppel and Seeger, 1964). 

High-strength bolts used in bearing-type connections should not be required to 
share load with welds. igh-strength bolts used in slip-critical connections, 
however, because of the rigidity of the connection, may be proportioned to 
function in conjunction with welds in resisting the transfer of stress across 
faying surfaces. Because the welds, if installed prior to find tightening of the 
bolts, might interfere with the development of the high contact pressure be- 
tween faying surfaces that is counted upon in slip-critical connections, it is ad- 
visable that the welds be made after the bolts are tightened. At the location of 
the fasteners, the heat of welding the connected parts will not alter the me- 
chanical properties of the fasteners. 

In making alterations to existing structures, it is assumed whatever slip is likely 
to occur in high-strength bolted, bearing-type connections will have already 

ence, in such cases the use of welding to resist all stresses other 
than those produced by existing dead load present at the time of making the al- 
teration is permitted. 

The requirements of the Code have been adopted by reference, with four 
exceptions and most req ents governing welding workmanship have been 
deleted. For convenience of the designer, provisions for allowable design 
stresses and proportioning of welds have been retained, even though the 
and AWS provisions are consistent. 

The provisions of the Structural Welding Code to which exception is taken 
in the AISC ASD S ation are as follows: 

Code and Sect. J2.2a of the AISC ASD 
effective throat of fillet welds as the 

t to the face of the diagrammatic weld. 
ever, for fillet welds made by the submerged arc process, Sect. 
additionally recognizes the deep penetration that is provided by this au- 
tomatic process at the root of the weld beyond the limits of the dia- 
grammatic weld. 

2. Section 2.5 of the AWS Code prohibits the use of partial-penetration 
welds subject to cyclic tension normal to the longitudinal axis of the 
weld, whereas the AISC ASD Specification Appendix K4 recognizes 
partial-penetration welds subject to fatigue loading, but only at the 
same severely limited stress ranges of Category F that are appro 
to fillet welds. 



Specification. 

As in earlier editions, the Spe 

they are qualified to the satisfactio 
thority and are executed in accordance with the provisions of t 

The strength of welds is governe e strength of either the base material or 
the deposited weld metal. 

It should be noted that in Table 52.5 the allowa le stress of fillet welds is deter- 
mined from the effective throat area, whereas the design of the connected 
parts is governed by their respective thicknesses. Fig. C-52.1 illustrates the 
shear planes for fillet welds and base material: 

a. Plane 1-1, in which the design is governed by the shear strength for ma- 
terial A 

b. Plane 2-2, in which the design is governed by e shear strength of the 
weld metal 

c. Plane 3-3, in which the design is overned by the shear strength of ma- 
terial 

The design of the welded joint is governed by the weakest plane of shear trans- 
fer. Note that planes 1-1 and 3-3 are positioned away from the fusion areas be- 
tween the weld and the base material. Tests have demonstrated that the stress 
on this fusion area is normally not critical in determining the shear strength of 
fillet welds. (Preece, 1968) However, if the weld metal is overstrength as might 
occur when materials with two different strength levels are connected, then the 
shear plane of the lower strength material at the fusion area may govern. The 
allowable shear stress on the leg of the weld at the lower strength base metal 
will be 0.3 times the tensile strength of the base metal. 

As in the past, the allowable stresses for statically loaded full-penetration 
welds are the same as those permitte for the base metal, provided the me- 



Fig. CJ2.1 Shear planes for fillet welds loaded in longitudinal sheal: 

chanical properties of the electrodes used are such as to match or exceed t 
of the weakest grade of base metal being joined. 

On the basis of physical tests, the allowable stress on fillet welds deposited on 
"matching" base metal, or on steel having mechanical properties higher than 
those specified for such , has been given in terms of the nominal ten- 
sile strength* of the w since the 1969 edition of the Specification 
(Higgins and Preece, 1968), 

As in the past, the same allowable value is given to a transverse as to a longitu- 
dinal weld, even though the force the former can resist is substantially greater 

e case of tension on the throat of partial- 
orrnal to their axis (more nearly analogous to that 

of transverse than longitudinal fillets), t e allowable stress is conservatively 
taken the same as for fillet welds. 

When partial-penetration groove welds are so disposed that they are stressed 
in tension parallel to the longitudinal axis of the groove, or primarily in com- 
pression or bearing, they may be proportioned to resist such stress at the same 

errnitted in the base metal. 

Instances have been reported in which ta welds deposited using a self- 
shielded process with aluminum deoxidizers (which by itself provided notch- 
tough weld metal) were subsequently covered by weld passes using a sub- 
merged arc process (which by itself provided notch-tough weld metal) resulted 

Id metal with low notch-toughness (Teraskima and Mart, 1984; 
11, 1970; and Kotecki and Moll, 1972). 

A 

The provisions for mechanical e based on an extended review and 
reexamination of the large body of data growing out o voluminous research, 
which has been completed in the past two decades. In order to consolidate and 

ommentary Sect. A3. 
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a1 Connections sponsored 
ign Criteria for Bolted and 
(in subsequent references 

The first edition of the Guide was p 

ural Connections. The 
ewise, it has been the basis 
ons concerning mechani- 

cally fastened structural connections. 

e Guide notes a distinction between a factor of safety ade- 
quate to prevent loss of usefulness tructure, member, or connection, and 
one needed to insure against failure of these entities. In the latter 
case, it notes that, under the Ion tion of "balanced de- 
sign," when the weakest element r of safety of 2, other ele- 
ments may be grossly overdesi loss in economy (Kulak, 
Fisher and Struik, 1987). 

The balanced design concept may h n valid when there was but one 
grade of structural steel and but one fastener. However, it has lost its 
meaning with today's multiplicity stener and connected material 
strengths. 

ier criteria, the weakest co e of the largest and 
most important joints of existing structure e a factor of safety 
than 2, yet they have proven with t h e  to be entirely satisfactory. 
has adopted this value as basic with res ect to failure, increasing i 
in rounding off to even working stress values or, as in the case of slip- 
resistance, reducing it somewhat when impairment of usefulness alone is at 
stake. With considerable accumulation of data now available as to the effec- 
tiveness of joint components under various loading conditions, probabilistic 
methods of statistical analysis have en used in determining the critical stress 
to which the factor of safety sho 
1987). 

Provision for the limited use of A449 bolts, in lieu of A325 bolts, is predicated 
on the fact that the provisions of AS 
less stringent that those contained 
A325 bolts only as to reduced size 

Allowable stresses for rivets are given in terms applicable to the nominal cross- 
sectional area of the rivet before driving. For convenience in the proportioning 
of high-strength bolted connections, allowable stresses for bolts and threaded 
items are given in terms ap area, i.e., the area of 
the threaded part based on its major diameter. 
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Except as provided in Appendix K4.3, any additional fastener tension resulting 
from prying action due to distortion of the connection details should be added 
to the stress calculated directly from the applied tension in proportioning fas- 
teners for an applied tensile force, using the specified allowable stresses. De- 
pending upon the relative stiffness of the fasteners and the connection mate- 
rial, this prying action may be negligible or it may be a substantial part of the 
total tension in the fasteners (Kulak, Fisher and Struik, 1987). 

Mechanically fastened connections which transmit load by means of shear in 
their fasteners are categorized as either slip-critical or bearing type. The for- 
mer depend upon sufficiently high clamping force to prevent slip of the con- 
nected parts under anticipated service conditions. The latter depend upon con- 
tact of the fasteners against the sides of their holes to transfer the load from 
one connected part to another. 

The amount of clamping force developed by shrinkage of a rivet after cooling 
and by A307 bolts is unpredictable and generally insufficient to prevent com- 
plete slippage at the allowable stress. Riveted connections and connections 
made with A307 and A449 bolts for shear are treated as bearing-type. The high 
clamping force produced by properly tightened A325 and A490 bolts is su 
cient to assure that slip will not occur at full allowable stress in slip-critical con- 
nections and probably will not occur at service loads in bearing-type connec- 
tions. 

The working values given in Table 53.2 for slip-critical and bearing-type shear 
connections are, with only minor modifications based on reliability analysis of 
existing data, equivalent to those in previous editions of the AISC ASD Speci- 
fication for use with A325 and A490 bolts in standard or slotted holes with tight 
mill scale surfaces. 

The requirement of footnote f in Table 53.2, which calls for a 20% reduction 
in allowable fastener shear stress, as noted in the Guide, is based upon tests on 
butt-type splice specimens where all connected parts were loaded in tension. 
This footnote provision would not apply to connection angles at the ends of 
plate girders which transmit the girder reaction to the supporting member by 
means of shear in the connection angles. Nor would the distance between ex- 
treme fasteners in tension members connected at opposite edges of a gusset 
plate govern; instead, the length of the connection for each tension member 
would control the design. 

Bearing-type connections are intended for use where service conditions are 
such that cyclic loading approaching complete stress reversal will not occur, 
and deformation of the structural frame or a component thereof, due to slip of 
the connection into bearing, can be tolerated. The allowable stresses in this 
case are based upon a factor of safety of 2 or more, which over a long period 
has been found to be adequate. This is substantially higher than that which is 
basic to the design of t e connected members. 

The efficiency of th eners in resisting shear in be 
tions is reduced wh ading extends into the shear 
connected parts. E case of A307 bolts, two a11 



values are given: one when 
when it is not. In sel 
an unwarranted refi 
shear plane and threads 
Therefore, the allowable stresses were established on the conservative assump- 
tion of threads in two planes. Because t customary to control this fea 
in the case of A307 bolts, and becau 
A449 bolts is greater than on A325 an 
extend into the shear plane and the allowable shear value, applicable to the 
gross area, is reduced accordingly. 

The strength of fasteners subject to combine tension and shear is provided by 
elliptical interaction curves in Table J3.3 for A325 and A490 bolts, which ac- 
count for the connection length effect on bolts loaded in shear, the ratio of 
shear strength to tension strength of threaded fasteners and the ratios of root 
area to nominal body area and tensile stress area to nominal body area (Yura, 
1987). The elliptical interaction curve provides the best estimate of the 
strength of bolts subject to combined shear and tension and thus is used in this 
Specification. 

In the case of slip-critical connections su ject to combined tension and shear at 
the contact surface common to a beam onnection and the supporting mem- 
ber, where the fastener tension f, is ent in the plane of the 
beam web, the shear component m portioning the fasten- 
ers for tension. This is because assigned to the fasteners 
subject to direct tensile stress is e in compressive force 
on the compression side of the beam axis, resulting in no actual shear force on 
the fasteners in tension. 

However, when a slip-critical connecti ust resist an axially applied tensile 
force, the clamping force is reduced must be reduced in proportion to 
the loss of pretension. 

Bearing values are provided, not as a protection to the fastener (because it 
needs no such protection) but for the protection of the connected parts. 
fore, the same bearing value applies to joints assembled by bolts, regardless of 
fastener shear strength or the presence or absence of threads in the bearing 
area. 

It should be noted that the value for bearing stress 1.5Fu is the maximum allow- 
able value provided deformation arou t hole is not a design consider- 
ation. As explained under Sects. 53.8 this Commentary, this maxi- 
mum value is permitted only if the e and intermediate spacing of 
fasteners, measured in the direction rce, are adequate to prevent 
failure by splitting of a connected p he line of force at a load less 
than required to cause transverse fracture through the net area of the part. 



Tests have demonstrate that hole elongation greater than 0.25 in. will begin 
to develop as the beari stress is increased beyond the values given in Equa- 
tions (53-1) and (53-2), especi y if it is combined wi high-tensile stress on 
the net section, even t ure does not occur. ation (53-4) considers 
the effect of hole ova 

Although the possibility of a slip-critical connection slipping into bearing 
under anticipated service conditions is extremely remote, such connections 
should comply with the provisions of Sects. 53.4 and 53.8 to insure the usual 
minimum factor of safety of 2 against complete connection failure. 

Critical bearing stress is a function of the material tensile strength, the spacing 
of fasteners, and the distance from e edge of the part to the centerline of the 
nearest fastener. Tests have shown t a linear relationship exists between the 
ratio of critical bearing stress to tensile strength of the connected material and 
the ratio of fastener spacing (in the line of force) to fastener diameter (Kulak, 
Fisher and Struik, 1987). The following equation affords a good lower bound 
to published test data for single-fastener connections with standard holes, and 
is conservative for adequately s aced multi-fastener connections: 

where 
Fpcr = critical bearing stress 
Fu = tensile strength of the connected material 
1, = distance, dong a line of transmitted force, from the center of a 

fastener to the nearest edge of an adjacent fastener or to the free 
edge of a connected part (in the direction of stress), in. 

d = diameter of a fastener, in. 
This equation, modified by a safety factor of 2, is the basis for Equations (53-5) 
and (53-6). 

Along a line of transmitted force, the required s acing center-to-center of stan- 
dard holes is found from Equation (93-5). For oversized and slotted holes, this 
spacing is increased by an increment C1, given in Table 93.4, providing the 
same dear distance between holes as for standard holes. 

The required edge distance in the direction of stress is found from Equation 
(53-6) as the distance from the center of a standard hole to the edge of a con- 
nected part. For oversized and slotted holes, this distance is increased by an in- 
crement C2, given in Table 93.6, providing the same clear distance from the 
edge of the hole as for a standard hole. 

e provisions of Sect. 53.8 are concerned with 1, as hole spacings, whereas 
Sect. J3.9 is concerned with I ,  as edge distance E, in the direction of stress, and 

e bearing stress. Spacing andlor 
bearing stress, or 
ge distance limita- 

tion. 



e than required for 
those having two or more. 

See Commentary Sect. J3.8. 

Provisions requiring a decrease in calculated stress for A307 bolts having long 
grips (by arbitrarily increasing the required number an amount in proportion 
to the grip length) are not required for high-strength bolts. Tests have demon- 
strated the ultimate shearing strength of high-strength bolts having a grip of 8 
or 9 diameters is no less than that of similar bolts with much shorter grips (Ben- 
digo, Hansen and Rumpf, 1963). 

Tests have shown high-strength-bolted beam end connections which subject a 
coped web to high bearing stresses may cause a tearing failure mode where a 
portion of the beam web tears out along the perimeter of the holes (Birkemoe 
and Gilmor, 1978). The tests demonstrate the failure load can be predicted 
using an analytical model which combine ltimate shear strength of the net 
section subject to shear stre the ultimate tensile strength of the net sec- 
tion subject to tensile stress. ch has suggested an alternative 
approach (Ricles and Uura, and Bjorhovde, 1985). 

The block shear failure mode is not limited to coped ends of beams (Fig. 
C44.1). Other examples are shown in Rgs. C-J4.2, C-94.3 and C-J4.4. 

There may be similar connections, sucR as thin bolted gusset plates in double 
shear, where this type of failure could occur. Such situations should be investi- 
gated. 

Coped 

shear 4 area 

1- tensile 
area 

tearing out Failure by tearing 
portion 

shear 
area 

Fig. C-J4.1 Fig. Cd4.2 
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The practice of rs by means of additional fasteners, so that they 
are in effect an of a shear-connected component, is not required 
where a connec ed as a slip-critical connection using high-strength 
bolts. In such connections the resistance to slip between filler and either con- 
nected part is comparable to that which would exist between the connected 
parts if no fill were required. 

As used throughout the AISC ASD Specification, the terms milled surface, 
led, or milling are intended to include surfaces which have been accurately 
ed or finished to a true plane by any suitable means. The recommended 

bearing stress on pins is not the same as for bolts and rivets. The lower value, 
9/10 of the yield stress of the part containing the pin hole, provides a safeguard 
against instability of the plate beyond the hole and high bearing stress concen- 
tration which might of the pin, but which is of no con- 
cern with bolts and 

tensile area 

Fig. W 4 . 3  

tensile area 

shear area 



The provisions given were derived from I Standard 318-83 ultimate strength 
criteria, using a load factor of 1.7 appl th live and dead load. These 

rovisions are more conservative than ultimate strength provisions, 
wherein a load factor of 1.4 is permitted for dead load. 

Shear at the base of a column resisted b aring of the column base details 
against the anchor bolts is seldom, if ever, tical. Even considering the lowest 
conceivable slip coefficient, the vertical load on a column is generally more 
than sufficient to result in the transfer of any likely amount of shear from col- 
umn base to foundation by frictional resis ce, so that the anchor bolts usually 
experience only tensile stress. Generally, largest tensile force for which an- 
chor bolts should be designed is that produced bending moment at the col- 
umn base, at times augmented by uplift caused by the overturning tendency of 
a building under lateral load. 

Hence, the use of oversized holes require to accommodate the tolerance in 
setting anchor bolts cast in concrete, permitted in Sect. 53.2, is not detrimental 
to the integrity of the supported structure. 



Whether or not transverse stiffeners are required on the web of a member op- 
osite the flanges of mem ers rigidly connected to its flanges, as in Fig. 

@-K1.l, depends on the proportions of these members. 

Equation (Kl-1) limits the bend g stress in the flange of the supporting mem- 
ber. Equation (K1-8) limits the slen ness ratio of an unstiffened web of the 
supporting member, in order to av ossibility of its buckling. 

en Equation (K1-1) andor E uation (Kl-8) indicate t e need for stiffeners; 
the required area of s ners is not given. owever, minimum stiffener di- 

s are given in Sect. K1.8 and their width-to-thickness ratio must satisfy 

Equation (K1-91, giving the required area of stiffeners when stiffeners are 
needed, is based on tests supporting the concept that, in the absence of trans- 
verse stiffeners, the web and f member A should be such that 
these elements will not yield r concentrated forces delivered 



riteria has been establi to limit the stress in the web 
a force is being transm . The stress at the toe of the 

flange fillet, assumed to be distributed longitudinally a distance no greater than 
the length of the bearing plus 2.5 or 5 times the k-distance of the flange, de- 
pending upon the location of the load, is limited by Equation (K1-2) or (Kl-3) 
to 0.66Fy. This represents a change from the past web yield criteria that is con- 
sistent with AISC (1986). 

The expression for resistance to web c ntrated load is a de- 
parture from previous specifications ( felt, 1971; Woglund, 
1971; and Elgaaly, 1983). Equations (K1-4) and (K1-5) are based on research 
by Roberts (1981). 

The sidesway web buckling criteria were developed after observing several un- 
expected failures in beams (Yura, 1982). In these tests, the compression 
flanges were braced at the concentrated load, the web was squeezed into com- 
pression and the tension flange buckled. (see Fig. C-K1.2). 

Sidesway web buckling will not occur in the following cases: 
For flanges restrained against rotation: 

For flange rotation not restrained: 

Sidesway web buckling can also be prevented by the proper design of lateral 
bracing or stiffeners at the load point. It is suggested that local bracing at both 
flanges be designed for 1% of the concentrated load applied to that point. Stiff- 
eners must extend from the load point through at least one-half the girder 
depth. In addition, the pair of stiffeners should be designed to carry the full 
load. If flange rotation is permitted at the loaded flange, stiffeners will not be 
effective. 

Fig. C-K1.2 Sidesway web buckling 
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the Specification, s to the retention of water due solely 
ection of flat roof is water is dependent 

upon the flexibility of the framing. If the roof framing members have insuffi- 
cient stiffness, the water can accumulate and collapse the roof. 

of the primary and critical secondary mem- 
and distribution of the ponded water can be 
tribution that the deflection each of these 
ng can be expresse 

for the primary member, an 

for the secondary me expressions A, and 6, are, respectively, 
the primary and seco ections due to loading present at the initi- 
ation of ponding, or, = Cp/(l- Cp), ol, = CJ(1- C,), and p = 6,/A, = C8/Cp. 

above expression for , and 6,, the ratios . and 6 J6, can be 
ion of primary and s ondary beam framing 
value of parameters Cp and Cs defined in t 

Even on the basis of unlimite elastic behavior, it is seen that the ponding de- 
flections would become infinitely Barge unless 

Because elastic behavior is limite , the effective bending strength available in 
each member to resist the stress caused by ponding action is restricted to the 
difference between ress of the member and the stress, f,, produced 
by the total load su it before consideration of ponding is included. 

Noting that elastic d ction is directly proportional to stress, and providing a 
factor of safety of I to stress due to ponding, the admissible 
amount of pondlng r the primary or critical (midspan) secon- 
dary member, in t of the applicable ratio A JA, or 6 J6,, can be repre- 
sented as (0.8Fy - f,)lf,. Substituting this expression for A JA, and 6 J6, and 

ions for &and 6,, the relationship be- 
the available elastic bending strength to 

rves presented in Fi s. C-K2.P and C-K2.2 



Given any combination of primary and secon ary framing, the stress index is 
computed as / 

0 . 8 4  - fo 
e secondary member (G-K2-5) 

where fo, in each case, is t 
supported loading, negle 
cation, this loading should unt of snow as might also be pres- 

ng failures have occurred more freque 
n the rate of precipitation exceeded 

runoff and the resulting hydraulic gradient over large roof areas caused sub- 
stantial accumulation of water some distance from the eaves. 

Given the size, spacing, and span of a tentatively selected com 
mary and secondary beams, for example, one 
level of the computed stress index Up determined for the primary beam; move 
horizontally to the computed Cs-value secondary beams; and, thence, 
downward to the abscissa scale. The co 
secondary framing is sufficient to pre 
read from this latter scale is more than the va 
primary member; if not, a stiffer primary or 
of both, is required. 

If the roof framing consists of a series of equally spaced wall-bearing beams, 

onsisting of a metal roof deck 
of relatively slender depth-span ratio, g between beams supported di- 
rectly on columns, may need to be This can be done using Fig. 
GK2.1 or C-K2.2 with the followi 

Up, the stress index for the supporting beam 
U,, the stress index for the roof 

exibility constant for the supporting beams 
Cs, the flexibility constant for one foot width of the roof deck ( S  = 1.0) 



Since the shear rigidity of their web system is less than that of a solid plate, the 
moment of inertia of steel joists and trusses should be taken as somewhat less 
than that of their chords. 

See AISC (1983). 

ecause most members in bu ng frames are not subject to a large enough 
number of cycles of full allowable ress application to require design for fa- 
tigue, the provisions covering such signs have been placed in Appendix K4. 

hen fatigue is a design consideration, its severity is most significantly affected 
by the number of loa applications, the magnitude of the stress range, and the 
severity of the stress concentrations associated with the particular details. 
These factors are not encountered in normal building designs; however, when 
encountered and when fatigue is of concern, all provisions of Appendix K4 

embers or connections subject to less than 20,000 cycles of loading will not 
olve a fatigue condition, except in the case of repeated loading involving 

large ranges of stress. For such conditions, the admissible range of stress can 
1% times the applicable value given in Table A-K4.3 

Fluctuation in stress which does not involve tensile stress does not cause crack 
is not considered to be a fatigue situation. On the other hand, 

in elements of members subject calculated compression stress, fatigue 
cracks may initiate in regions of sile residual stress. In such situations, 
the cracks generally do not pro ond the region of the residual tensile 
stress, because the residual stress is relieved by the crack. For this reason, 
stress ranges that are completely in compression are not included in the column 
headed by "Kind of Stress" in Table Appendix K4. This is also true 
of comparable tables of the current and AREA Specifications. 

fabrication details involving more than one category occur at the same 
n in a member, the stress at that location must be limited to that 

of the most restrictive category. cating notch-producing fabrication de- 
tails in regions subject to a small of stress, the need for a member larger 
than required by static oading will often be eliminated. 

Extensive test programs using full size specimens, substantiated by theoretical 
stress analysis, have confir e following general conclusions (Fisher et al, 
1970; Fisher et al, 1974): 

1. Stress range an erity are the dominant stress variables for 

an stress and maximum 



-6 7 

cantly different fatigue strength for given welded details fabricated in 
the same manner. 

lowable stress ranges can be read directly from Table A-K4.3 for a particular 
category and loading condition. The values are based on recent research 
(Keating and Fisher, 1985). Provisions for A325 and A490 bolts subjected to 
tension are given in Appendix K4.3. 
Tests have uncovered dramatic differences in fatigue life, not completely pre- 

Fig. C K 2 . 1  
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dictable from the various published formulas for estimating the actual magni- 
tude of prying force (Kulak, Fisher and Struik, 1987). 

The use of other types of mechanical fasteners to resist applied cyclic load- 
ing in tension is not permitted. Lacking a high degree of assured pretension, 
the range of stress is generally too great to resist such loading for long. How- 
ever, all types of mechanical fasteners survive unharmed when subject to cyclic 
stresses sufficient to fracture the connected parts, which is provided for else- 
where in Appendix K4. 

Flexibility Constant C, 



embers, to elimina 
to match the elev 

desired curvatur built in during asse 
Within limits, rolled beams can be cold-camb 

e local application of heat e as a means of straight- 
ening or cambering beams a pends upon an ultimate 
shortening of the heated zone nes, on the side of the 
member that would be subject to comp cambering or gag- 
ging, are heated enough to be upset by d by surrounding 
unheated areas. Shortening ta 

Although the final curvatu 
be controlled to a 
workmanship erro 

As in the case of deflections, the satis not be re- 
duced to a few simple rules, but mus judgment 
of qualified engineers. 

problem is more serious in buildi wall enclosures than 
re the walls consist of prefabrica divorcement of the 

framing, at widely spaced expansion j 
more frequently located devices dep 
ing, and usually less expensive than 

dictated by the nature of collateral 
Ils and ceilings, rather than by con 
e admissible amo 



The most satisfactory solution must rest upon the sound judgment of qualified 
engineers. As a guide, the following rules are suggested: 

1. The depth of fully stressed beams an ors should, if practi- 
cable , be not less than (Fy/800) ti . If members of less 
depth are used, the unit stress in bending should be decreased in the 

e ratio as the depth is decreased from that recommended above. 
depth of fully stressed roof purlins should, if practicable, be not 

less than (F,,/1000) times the span, except in the case of flat roofs. 

re human comfort is the criterion for limiting motion, as in the case of per- 
le vibrations, the limit of tolerable amplitude is dependent on both the 

frequency of the vibration d the damping effect provided by components of 
the construction. At best, the evaluation of these criteria is highly subjective, 
although mathematical models do exist which may be useful (Murray, 1975). 
When such vibrations are caused by running machinery, they should be iso- 
lated by damping devices or by the use of independent foundations. 

The depth of a steel beam supporting large open floor areas free of partitions 
or other sources of damping should not be less than 1/20 of the span to mini- 
mize perceptible transient vibration due to pedestrian traffic. 

Steel members may deteriorate in particular service environments. This deteri- 
oration may appear either in external corrosion, whi would be visible upon 

ted changes in the material t would reduce its load- 
esigner should recognize these problems by either fac- 
of damage tolerance into his design or providing 

quate protection systems (e.g., coating, cathodic protection) and/or pla 
maintenance programs so that such problems do not occur. 



Thermal Cutting 

Thermal cutting should preferably be done by machine. The requirements for a 
positive preheat of 150°F minimum when thermal cutting beam copes and weld 
access holes in AS A6 Group 4 and 5 shapes and in built-up shapes made 
of material more than 2-in. thick tends to minimize the hard surface layer and 
the possible initiation of cracks. 

In the past, all ASTM A325 and A490 bolts in both slip-critical and bearing- 
type connections were required to be tightened to a specified tension. The re- 
quirement was changed in 1985 to permit some bearing-type connections to be 
tightened to only a snug-tight condition. 

To qualify as a snug-tight bearing connection, the bolts are not subject to ten- 
sion loads, slip is permitted and loosening or fatigue due to vibration or load 
fluctuations are not design considerations. 

It is suggested that snug-tight bearing-type connections be used in applications 
when A307 bolts would be permitted. Sect. J1.12 serves as a guide to these 
applications. 

In other cases, A325 and A490 bolts are required to be tightened to 0.7 of their 
tensile strength. This may be done e r by the turn-of-nut method, by a cali- 
brated wrench or by using direct ten indicators (RCSC, 1985). Since fewer 
fasteners and stiffer connected parts are involved than is generally the case 
with A307 bolts, the greater clamping force is recommended to ensure solid 
seating of the connected parts. Howev he performance of bolts in 
bearing is not dependent on an assured vel of pretension, thorough 
inspection requirements to assure full with pretightening criteria 
are not warranted. This is especially true regarding the arbitration inspection 
requirements of Sect 9b of the RCSC Specification (1985). Visual evidence of 
solid seating of the connected parts, and of wrench impacting to assure that the 
nut has been tightened sufficiently to prevent it from loosening, is adequate. 

The surface condition of steel framing disclosed by the demolition of long- 
standing buildings has been found to be unchanged from the time of its erec- 
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tion except at isolated spots where leakage may have occurred. Where such 
leakage is not eliminated, the presence or absence of a shop coat is of minor in- 
fluence (Bigos et al, 1954). 

The Specification does not define the type of paint to be used when a shop coat 
is required. Conditions of exposure and individual preferences with regard to 
finish paint are factors which have a bearing on the selection of the proper 
primer. Hence, a single formulation would not suffice. * 

M4. ERECTION 

4. Fit of Column Compression 

Tests on spliced, full-sized columns with joints that had been intentionally 
milled out-of-square, relative to either strong or weak axis, demonstrated their 
load-carrying capacity was the same as for a similar unspliced column (Popov 
and Stephen, 1977). In the tests, gaps of %6-in. were not shimmed; gaps of 
1/.-in. were shimmed with non-tapered mild steel shims. Minimum size partial- 
penetration welds were used in all tests. No tests were performed on speci- 
mens with gaps greater than %-in. 

The criteria for fit of column compression joints are equally applicable to 
joints at column splices and joints between columns and base plates. 

*For a comprehensive treatment of the subject, see SSPC, 1982. 



moment up to the poin 
sign cross sections ar 
upon in the plastic method of analysis. 

Superior bending strength of compact se 
Specification by increasing the allowable 
mitting 10% redistribution of 
tor for plastically designed beams is giv 

For such shapes liste nstruction, the variation 
of shape factor is fro of 1.12 for the most commonly 

with a mode of 1.70. Such a load factor is consistent 
that inherent in the allowable working stresses for t 
plate girders. 

Research on the ultim 

mitted in Sect. A52 of the S 
for gravity loading combine 
and Galambos, 1964). 
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Sect. C-N2] UCTURAL STEEL 

2. 

Research testing has demonstrated the suitability of all of the steels listed in 
this section for use in plastic design(Adams, Lay and Galambos, 1965; ASCE, 
1971). 

Although resistance to wind and seismic loading can be provided in moderate 
height buildings by means of concrete and masonry shear walls, which also pro- 
vide for overall frame stability at factored gravity loading, taller building 
frames must provide this resistance acting alone. This can be achieved in one 
of two ways: either by a system of bracing or by a moment-resisting frame. 

For one- and two-story unbraced frames with Type 1 construction throughout, 
where the column axial loads are generally modest, the frame instability effect 
is small and PA effects* may be safely ignored. owever, where such frames 
are designed with a mixture of rigid connections and simple or semi-rigid con- 
nections (Type 2 and T p e  3 construction), it may be necessary to consider the 
frame instability effect PA. In this case, stability is dependent upon a reduced 
number of rigid connections and the effect of frame drift may be a significant 
consideration in the design. 

The limitation on axial force 0.85Py was inserted as a simple means to compen- 
sate for three possible effects (Douty and 

1. Loss of stiffness due to residual stress 
2. Effect of secondary PA moments on the vertical bracing system 
3. Lateral-torsional buckling effect 

Equations (N4-2) and (N4-3) will be recognized as similar in type to Equations 
(HI-1) and (HI-2), exce t they are written in terms of factored loads and mo- 
ments instead of allowable stresses at service loading. As in the case of Equa- 

2), PC, is computed the basis of llr, or Nr,, whichever 
n unbraced length ( iscoll et al, 1965). 

A column is considered to be fully braced if the slenderness ratio Nr, between 
the braced points is less than or equal to that specified in Sect. N9. 
unbraced length ratio of a member bent about its strong axis exceed 
specified in Sect. N9, the rotation capacity of the member may be impaired, 
due to the combined influence of lateral and torsional deformation, to such an 

t plastic hinge action within the member cannot be counted upon. 
, if the computed value of M is small enough so limitations of Equa- 

tions (N4-2) and (N4-3) are met, the member will be strong enough to function 
at a joint where the required hinge action is provided in another member enter- 
ing the joint. An assumed reduction in moment-resisting capacity is provided 
by using the value M,, computed from Equation (N4-4), in Equation (N4-2). 

*See Commentary C2 for discussion of PA effects. 
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Equation (N4-4) was devel 
and provides an estimate of 
of axial load, for the 
(Driscoll et al, 1965). 
using the appropriate Cm 

Equation (N4-4) is to be used only in connection with Equation (N4-2). 

Space frames containing plastically designed planar rigid frames are assumed 
to be supported against sidesway normal to these frames. Depending upon 
other conditions of restraint, the basis for determination of proper values for 
PC, and P, and Mm, for a plastically designed column oriented to resist bending 
about its strong axis, is outlined in Table GN4.8. In each case k is the distance 
between points of lateral support corres onding to r, or r,,, as applicable. 
When K is indicated, its value is governed by the provisions of Sect. C2.2. 

SHEAR 

Using the von Mises criterion, the average stress at which an unreinforced web 
would be fully yielded in pure shear can be expressed as ~ , l f i .  It has been ob- 
served that the plastic bending strength of an I-shaped beam is not reduced ap- 
preciably until shear yielding occur e full effective depth, which may be 
taken as the distance between the s of its flanges (approximately 0.95 
times its actual depth) (ASCE, 19 

Shear stresses are generally high within the boundaries of a rigid connection of 
two or more members whose webs lie in a common plane. Assuming the mo- 
ment +M, in Fig. GN5.1, expressed in kip-ft, to be resisted by a force couple 
acting at the centroid of the beam flanges, the shear, in kips, produced in 
beam-to-column connections web abcd can be computed as 

when V = 0.55F,,dctw 

I Braced Planar Frames One- and Two-story / Unbraced Planar Frames I 
l l  

Use larger ratio, - or - 

Use Nr, 
Mm Use NrY Use llr, 

'webs of columns assumed to be in plane of frame. 



lanar area abcd and F, is expressed in ksi. If the thickness of 
the web panel is less than that given by this formula, the deficiency may be 
compensated for by a pair of diagonal stiffeners or by a reinforcing plate in 

with the web panel and welded around its boundary to the column 
and horizontal stiffeners. 

Usually stiffeners are needed, as ab and dc in Fig. C-N5.1, in line with the 
flanges of a beam rigidly connected to the flange of a second member so lo- 
cated that their webs lie in the same plane to prevent crippling of the web of 
the latter opposite the compression flange of the former. A stiffener may also 
be required opposite the tension flange to protect the weld joining the two 
flanges; otherwise the stress in the weld might be too great in the region of the 
beam web, because of the lack of bending stiffness in the flange to which the 
beam is connected. Since their design is based on equating the plastic resisting 
capacity of the supporting member to the plastic moment delivered by the sup- 
ported member, Equations (K1-I), (Kl-8) and (Kl-11) are equally applicable 
to allowable stress design and plastic design. 

When stiffeners are required, as an alternative to the usual pair of horizontal plates, 
vertical plates parallel to but separated from the web, as shown in Fig. C-N6.1, 
may prove advantageous. See Graham et al., 1959. 

V,, Story Shear 

Fig. CN5.1  
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/ L Stiffener Plater 

Fig. GN6.1 

Research has shown the limiting flange and web width-thickness ratios, below 
mple plastic hinge rotations cou e relied upon without reduction in 
alue due to local buckling, are exactly proportional to I/*, al- 

though the discrepancy using such a relationship, within the range of yield 
stress presently permitted by the Specification, is not large (ASCE, 1971). Ex- 
pressions including other pertinent factors are complex and involve use of me- 
chanical properties that have not been defined dearly. Tabular values for limit- 
ing flange width-thickness ratios are given in the Specification for the approved 
grades of steel. 

No change in basic philosophy was involved in extending the earlier expression 
for limiting web depth-thickness ratio to stronger steels. Equations (N7-1) and 
(N7-2) were derived, with minor adjustments for better correlation with ob- 
served test results, by multiplying Equation (25) of the 1963 Specification by 
the factor V'%@ to cover the accepted range in yield point stress. Equation 
(N4-1) is identical to Equation (1.5-4) in art 1 of the 1969 Specification, ex- 
cept that it is written in terms of factored ads instead of allowable stresses at 
service loading. Equation (1.5-4) in the 1969 Specification was liberalized in 
1974 and redesignated as Equation the 1978 Specification; in this 
Specification it is included in Table ver, this liberalization was not 
extended to plastic design sections, ire greater rotational capacity 
than compact sections. 

Connections located outside of regions where hinges would have formed at ul- 
timate load can be treated in the same manner as similar connections in frames 
designed in accordance with the provisions of Chaps. A through M. Since the 
moments and forces to be resisted will be those corresponding to the factored 



loading, the allowable stresses to be used in proportioning parts of the connec- 

ions located in the region 
ments and forces due to 
ding factored to 1.3, and 

sses equal to 1.7 times those given in 
tR and connection strengt 
g alone, factored to 1.7. 

e width-thickness ratio length of all parts of 
ession stresses in the region 

eared edges and pu 
subject to tension. 

some attendant economy 
(ASCE, 1971). 

igh-strength bolts are capable of 
ss cross section of the connected part 
also been demonstrated that beam-to- 

anically fastened fittings, 

without failure 

ary hinge rotation. 
load is assumed to 

unbraced length are based upon re- 
nts (ASCE, 1 971). 



*See Commentary Chap. B for the discussion of provisions for Slender Compression Elements. 
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The provisions contained i dix F7 cover only those aspects of the de- 
sign of tapered members th nique to tapered members. For other crite- 
ria of design not covered sp y in Appendix F7, see the appropriate por- 
tions of Chaps. A through 

The approach in formulating b;,, of tapered columns is based on the concept 
that the critical stress for an axially loaded tapered column is equal to that of 
a prismatic column of different length, but of the same cross section as the 
smaller end of the tapered column. This resulted in an equivalent effective 
length factor Ky for a tapered member subjected to axial compression (Lee, 

orrell and Ketter, 1 s factor, used to determine the value of S in 
Equations (A-F7-2) an 3), can be determined accurately for a symmet- 
rical rectangular rigid mposed of prismatic beams and tapered col- 
umns. 

With modifying assumptions, such a frame can be used as a mathematical 
model to determine, with nt accuracy, the influence of the stiffness 
Z(Ilb), of beams and rafters afford restraint at the ends of a tapered col- 
umn in other cases, suc as those shown in Fig. C-A-M.1. From Equations 
(A-F7-2) and (A-F7-3), the critical load PC, can be expressed as IT~EZ,,/(K,~)~. 
The value of Ky can be ained by interpolation, using the appropriate chart 
(Figs. C-A-M.2 to C-A 17), and restraint modifiers GT and GB. In each of 
these modifiers the tapered column, treated as a prismatic member having a 
moment of inertia I, computed at the smaller end, and its actual length I ,  is as- 
signed the stiffness Z,ll, which is then divided by the stiffness of the restraining 
members at the end of the tapered column under consideration. Such an ap- 
proach is well documented. 

Fig. C-A-FS.1 
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ent of the allowable stress for tapered beams follows 
closely with that for prismatic beams sic concept is to replace a tapered 
beam by an equivalent prismatic beam with a d rent length, but with a cross 

ion identical with that of the smaller en f the tapered beam (Lee, 
re11 and Ketter, 1972). This has led to the dified length factors h, and 

h, in Equations ( -F7-4) and (A-F7-5). 

Equations (A-F7-4) and (A-M-5) are based on total resistance to lateral buck- 
ling using both St. Venant and warping resistance. The factor B modifies the 
basic Fb?, to account for moment gradient and lateral restraint offered by adja- 
cent segments. For members which are continuous past lateral supports, cate- 

c of Appendix M.4 usually apply; however, note they apply 
xial force is small and adjacent unbraced segments are approxi- 

mately equal in length. For a single member, or segments which do not fall into 
category a, b, c or d, the recommended value for B is unity. The value of B 
should also be taken as unity when computing the value of FbY to be used in 
Equation (A-M-12), since the effect of moment gradi t is provided for by the 
factor C,. The background material is given in Bulletin No. 192 

orrell and Lee, 1974). 

Thus, note that in these charts the values of Ky represent the combined effects 
of end restraints and tapering. For the case y = 0, ICY becomes K ,  which can 
also be determine from the alignment chart for effective length of columns in 
continuous frames (Fig. CC2.2). For cases when the restraining beams are 
also tapered, the procedure used in W W  Bulletin No. 173 can be followed, or 
appropriate estimation of K-, can be made based on these charts (Lee et al. 
1972). 



Fig. C-A-F7.3. Effective length factors for tapered columns: Fig. C-A-F7.2. Effective length factors for tapered columns: -4 

sidesway prevented (y = 0.5) a 
sidesway prevented (y = 0) 0 



Fig. C-AT7.4. Effective length factors for tapered columns: 

sidesway prevented (y = 1.0) 
Fig. C-A-F7.5. Effective length factors for tapered columns: 

sidesway prevented (y = 1.5) 



Fig. C-A-F7.6. Effective length factors for tapered columns: 
sidesway prevented ( y  = 2.0) 

Fig. C-A-F7.7. Effective length factors for tapered columns: (D 
VI 

sidesway prevented ( y  = 3.0) 



Fig. C-A-F7.8. Effective length factors for tapered columns: 
sidesway prevented (y = 4.0) 

Fig. C-A-F7.9. Effective length factors for tapered columns: 
sidesway prevented (y = 6.0) 



G T 
Fig. C-A-F7.10. Effective length factors for tapered columns. 

sidesway permitted (y = 0)  

Fig. C-A-F7.11. Effective length factors for tapered columns: 
sidesway permitted (y = 0.5) 

F 
A 



Fig. C-A-F9.12. Effective length factors for tapered columns: 
sidesway permitted (y = 1.0) 

Fig. C-A-F7.13. Effective length factors for tapered columns: 
sidesway permitted (y = 1.5) 
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The section numbers in parentheses after the definition of a symbol refers to the sec- 
tion where the symbol is first used. 

Gross area of an axially loaded compression member, in.' (N4) 
Nominal body area of a fastener, in.' (53.5); area of an upset rod based 

the major diameter of its threads, i.e., the diameter of a coaxial cyl 
which would bound the crests of the threads, in.2 (53.4) 

Actual area of effective concrete flange in composite design, in.' ( 
Effective net area of an axially loaded tension member, in.2 ( 
Area of compression flange, in.' (F1.l) 
Effective tension flange area, in.' ( 
Gross beam flange area, in.' (B10) 
Net beam flange area, in.' ( 
Gross area of member, in.' 
Net area of an axially loaded tension member, in.' ( 
Area of steel beam in composite design, in.' (14) 
Area of compressive reinforcing steel, in.' (14) 
Area of reinforcing steel providing composite action at point of negative mo- 

ment, in.' (14) 
Cross-sectional area of stiffener or pair of stiffeners, in.' (G4) 
Net tension area, in.' (54) 
Net shear area, in.' (54) 
Area of girder web, in.' (G2) 
Area of stee%concentrically bearing on a concrete support, i n 2  (99) 
Maximum area of the ortion of the supporting surface that is geometrically 

similar to and conce tric with the loaded area, in.2 (J9) 
Bending coefficient dependent upon computed moment or stress at the en 

of unbraced segments of a tapered member (Appendix F7.4) 
Coefficient used in Table 4 of Numerical Values 
Bending coefficient dependent upon moment gradient (F1.3) 
Column slenderness ratio separating elastic and inelastic buckling (E2) 
Slenderness ratio of compression elements (Appendix B5.2) 
Coefficient used in Table 12 of Numerical Values 
Coefficient applied to bending term in interaction equation for prismatic mem- 

bers and dependent upon column curvature caused by applied moments 
(HI) 

Coefficient applied to bending term in interaction equation for tapered mem- 
bers and dependent upon axial stress at the small end of the member (Ap- 

endix F4.6) 
Stiffness factor for 



Stiffness factor for secondary member in a 
Ratio of "critical" web stress, according to kling theory, to the 

shear yield stress of web material (F4) 
Increment used in computing minimum spacing of oversized and slotted holes 

(J3.8) 
Increment used in computing minimum edge distance for oversized and slot- 

ted holes (53.9) 
Factor depending upon type of transverse stiffeners (64); outside diameter of 

tubular member, in. (Appendix 
Modulus of elasticity of steel (29,000 ksi) (E2) 
Modulus of elasticity of concrete, ksi (12) 
Axial compressive stress permitted in a prismatic member in the absence of 

bending moment, ksi (E2) 
Axial compressive stress permitted in a tapered member in the absence of 

bending moment, ksi (Appendix F7.3) 
Bending stress permitted in a prismatic member in the absence of axial force, 

ksi (F1. 1) 
Allowable bending stress in compression flange of plate girders as reduced for 

hybrid girders or because of Iarge web depth-to-thickness ratio, ksi (62) 
ending stress permitted in a tapered member in the absence of axial force, 
ksi (Appendix F7.6) 

Euler stress for a prismatic member divided by factor of safety, ksi (HI) 
Euler stress for a tapered member divided by factor of safety, ksi (Appendix 

F7.6) 
Allowable bearing stress, ksi (53.7) 
St. Venant torsion resistance bending stress in a tapered member, ksi (Appen- 

dix F7.4) 
Allowable axial tensile stress, ksi (Dl) 
Specified minimum tensile strength of the type of steel or fastener being used, 

ksi (Bl0) 
Allowable shear stress, ksi (F4) 
Flange warping torsion resistance bending stress in a tapered member, ksi 

(Appendix F7.4) 
Specified minimum yield stress of the type of steel being used, ksi (B5.1). As 

used in this Specification, "yield stress" denotes either the specified mini- 
mum yield point (for those steels with a yield point) or specified minimum 
yield strength (for those steels without a yield point) 

Specified minimum column yield stress, ksi (K1.2) 
Specified minimum yield stress of flange, ksi (Table B5.1). 
Specified minimum yield stress of the longitudinal reinforcing steel, ksi (14) 
Specified minimum stiffener yield stress, ksi (K1.8) 
Specified minimum yield stress of beam web, ksi (B5.1) 
Length of a stud shear connector after welding, in. (15.2) 
Moment of inertia of steel deck supported on secondary members, in.4 (K2) 
Effective moment of inertia of composite sections for deflection computa- 

tions, in.4 (14) 



SYMBOLS 
Moment of inertia of primary member in flat roof framing, in.4 (K2) 
Moment of inertia of secondary member in flat roof framing, in.4 (K2); mo- 

ment of inertia of steel beam in composite construction, in.4 (14) 
Moment of inertia of transformed composite section, in.4 (14) 
Effective length factor for a prismatic member (B7) 
Effective length factor for a tapered member (Appendix F7.3) 
Unbraced length of tensile members, in. (B7); actual unbraced length of a 

column, in. (C2); unbraced length of member measured between the centers 
of gravity of the bracing members, in. (Appendix F7.1) 

Maximum unbraced length of the compression flange at which the allowable 
bending stress may be taken at 0.66Fy or as determined by AISC Specification 
Equation (Fl-2) or Equation (F3-2), when applicable, in. (Fl) 

Distance from free edge to center of the bolt, in. (93.6) 
Length of primary member in flat roof framing, ft (K2) 
Length of secondary member in flat roof framing, ft (K2) 
Moment, kip-ft. (14); maximum factored bending moment, kip-ft, (N4) 
Smaller moment at end of unbraced length of beam-column (F3.1); larger mo- 

ment at one end of three-segment portion of a tapered member (Appendix 
F7.4) 

Larger moment at end of unbraced length of beam-column (F3.1); maximum 
moment in three adjacent segments of a tapered member (Appendix W.4) 

Critical moment that can be resisted by a plastically designed member in the 
absence of axial load, kip-ft (N4) 

Plastic moment, kip-ft (N4) 

Length of bearing of applied load, in. (K1.3) 

Number of stud shear connectors on a beam in one transverse rib of a metal 
deck, not to exceed 3 in calculations (15.2) 

Number of shear connectors uired between point of maximum moment 
and point of zero moment 

Number of shear connectors required between concentrated load and point of 
zero moment (14) 

Force transmitted by a fastener, kips (53.8); factored axial load, kips (N3); 
normal force, kips (910.2); axial load, kips (Cl) 

Factored beam flange or connection plate force in a restrained connection, 
kips (K1.2) 

Maximum strength of an axially loaded compression member or beam, kips 
(N3.1) 

Euler buckling load, kips (N4) 
Plastic axial load, equal to profile area times specified minimum yield stress, 

kips (N3.1) 
Full reduction factor for slender compression elements (Appendix 

Ratio of effective profile area of an axially loaded member to its total profile 
area (Appendix B5.2) 

ss reduction factor where width-thickness ratio of unstiffened ele- 
xceeds noncompact section limits given in Sect. 



Reaction or concentrated load app ips (M1.3); radius, 
in. (52.1) 
ate girder bending strength reduction factor (62) 
ybrid girder factor (62) 

Spacing of secondary members in a flat roof, ft  (K2); governing slenderness 
ratio of a tapered member (Appendix F7.3) 

Effective section modulus corresponding to partial composite action, in.3 (12) 
Section modulus of steel beam used in composite design, referred to the bot- 

tom flange, in.3 (12) 
Section modulus of transformed composite cross section, referred to the bot- 

tom flange; based upon maximum permitted effective width of concrete 
flange, in.3 (12) 

Specified pretension of a high-strength bolt, kips (53.6) 
Reduction coefficient used in calculating effective net area (B3) 
Shear produced by factored loading, kips (N5); friction force, kips (510.2) 
Total horizontal shear to be resisted by connectors under full composite ac- 

tion, kips (12) 
Total horizontal shear provided by the connectors providing partial composite 

action, kips (12) 
Ratio of yield stress of web steel to yield stress of stiffener steel (64) 
Plastic section modulus, in.3 (N4) 
Clear distance between transverse stiffeners, In. (F4); dimension parallel to 

the direction of stress, in. (Appendix K4) 
Distance beyond theoretical cut-off point required at ends of welded partial 

length cover plate to develop stress, in. (BlO) 
Actual width of stiffened and unstiffened compression elements as defined in 

5.1, in. ; dimension normal to the direction of stress, in. (Appendix 

Effective width of stiffened compression element, in (Appendix B5.2) 
lange width of rolled beam or plate girder, in. (FP.l) 

Depth of beam or girder, in. (B5.1); diameter of a roller or rocker bearing, in. 
(58); nominal diameter of a fastener, in. (53.7) 

Depth at the larger end of a tapered member, in. (Appendix F7.1) 
Web depth clear of fillets, in. (K1.5) 
Depth at the smaller end of a tapered member or unbraced segment thereof, 

in. (Appendix F7.1) 
Axial compression stress on member based on effective area, ksi (Appendix 

5.2) 
Computed axial stress, ksi (B5.1) 
Computed axial stress at the smaller end of a tapered member or unbraced 

segment thereof, ksi (Appendix F7.6) 
Computed bending stress, ksi ( 
Smallest computed bending stress at one end of a tapered segment, ksi (Ap- 

pendix F7.4) 
Largest computed bending stress at one end of a tapered segment, ksi (Ap- 

pendix F7.4) 
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Computed bending stress at the larger end of a tapered member or unbraced 
segment thereof, ksi (Appendix F7.6) 

Specified compression strength of concrete, ksi (12) 
Computed tensile stress, ksi (53.6) 
Computed shear stress, ksi (F5) 
Shear between girder web and transverse stiffeners, kips per linear in. of sin- 

gle stiffener or pair of stiffeners (C4) 
Transverse spacing between fastener gage lines, in. (B2) 
Clear distance between flanges of a beam or girder at the section under inves- 

tigation, in. (B5) 
Nominal rib height for steel deck, in. (15.2) 
Factor applied to the unbraced length of a tapered member (Appendix F7.4) 
Factor applied to the unbrace length of a tapered member (Appendix F7.4) 
Distance from outer face of flange to web toe of fillet of rolled shape or equiv- 

alent distance on welded section, in. (K1.3) 
Compression element restraint coefficient (B5) 
Shear buckling coefficient for girder webs (F4) 
For beams, distance between cross sections braced against twist or lateral dis- 

placement of the compression ge, in. (F1.3); for columns, actual un- 
braced length of member, in. ( unsupported length of a lacing bar, in. 
(E4); weld length, in. (B3); la laterally unbraced length along either 
flange at the point of load, in. (K1.5) 

Actual unbraced lengt lane of bending, in. ( 
Critical unbraced leng acent to plastic hinge, in. (N9) 
Modular ratio (EIE,) 
Allowable horizontal shear to be resisted by a shear connector, kips (14) 
Governing radius of gyration, in. (B7) 
Radius of gyration of a section comprising the co ssion flange plus ?4 of 

the compression web area, taken about an axis plane of the web, in. 
(F1.3) 

Radius of gyration at the smaller end of a tapered member or unbraced seg- 
ment thereof, considering only the compression flange plus ?4 of the com- 
pression web area, taken about an axis in the plane of the web, in. (Appen- 
dix F7.4) 

Radius of gyration about axis of concurrent bending, in. (HI) 
Radius of gyration about axis of concurrent bending at the smaller end of a ta- 

pered member or unbraced segment thereof, in. (Appendix F7.6) 

Radius of gyration at t e smaller end of a tapered member, in. (Appendix 
F7.3) 

inal center-to-center spacing (pitch) of any two consecutive holes, in. 

cted part, in. (93.9); wall thickness of a tubular member, 
ression element thickness, in. (B5.1); filler thick- 

ness, in. (56) 
Thickness of beam flange or oment connection late at rigid beam-to- 

column connection, in. (]MI 3) 



ange thickness, in. (F1.l) 
Web thickness, in. (B5.1) 
Column web thickness, in. (K1.6) 
Length of channel shear connectors, in. (14); plate width (distance between 

welds), in. (B3) 
Average width of rib or haunch of concrete slab on formed steel deck, in. 

(15.1) 
Subscript relating symbol to strong axis bending 
Subscript relating symbol to weak axis bending 
Distance from the smaller end of a tapered member, in. (Appendix F7.3) 
= 0.6 FywIFb < 1.0 (G2) 
Ratio SJS, or Sefl/SS (14) 
Tapering ratio of a tapered member or unbraced segment of a tapered mem- 

ber (Appendix F7.1); subscript relating symbol to tapered members 
Displacement of the neutral axis of a loaded member from its position when 

the member is not loaded, in. (Cl) 
Coefficient of friction (510.2) 
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Alignment chart for colums.  A nomograph for determining the effective length fac- 
tor K for some types of columns 

Ampl@cation factor. A multiplier of the value of moment or deflection in the un- 
braced length of an axially loaded member to reflect the secondary values gen- 
erated by the eccentricity of the applied axial load within the member 

Aspect ratio. In any rectangular configuration, the ratio of the lengths of the sides 
Batten plate. A plate element used to join two parallel components of a built-up col- 

umn, girder or strut rigidly connected to the parallel components and designed 
to transmit shear between them 

Beam. A structural member whose primary function is to carry loads transverse to 
its longitudinal axis 

Beam-column. A structural member whose primary function is to carry loads both 
transverse and parallel to its longitudinal axis 

Bent. A plane framework of beam or truss members which support loads and the 
columns which support these members 

Biaxial bending. Simultaneous bending of a member about two perpendicular axes 
Bifurcation. The phenomenon whereby a perfectly straight member under compres- 

sion may either assume a deflected position or may remain undeflected, or a 
beam under flexure may either deflect and twist out of plane or remain in its in- 
plane deflected position. 

Braced frame. A frame in which the resistance to lateral load or frame instability 
is primarily provided by a diagonal, a K-brace or other auxiliary system of 
bracing 

Brittle fracture. Abrupt cleavage with little or no prior ductile deformation 
Buckling load. The load at which a perfectly straight member under compression as- 

sumes a deflected position 
Built-up member. A member made of structural metal elements that are welded, 

bolted or riveted together 
Cladding. The exterior covering of the structural components of a building 
Cold-formed members. Structural members formed from steel without the applica- 

tion of heat 
Column. A structural member whose primary function is to carry loads parallel to 

its longitudinal axis 
Column curve. A curve expressing the relationship between axial column strength 

and slenderness ratio 
Combined mechanism. A mechanism determined by plastic analysis procedure 

which combines elementary beam, panel and joint mechanisms 
Compact section. Compact sections are capable of developing a fully plastic stress 

distribution and possess rotation capacity of approximately 3 before the onset of 
local buckling 

Composite beam. A steel beam structurally connected to a concrete slab so that the 
beam and slab respond to loads as a unit. See also Concrete-encased beam 

Composite column. A steel column fabricated from rolled or built-up steel shapes 
and encased in structural concrete or fabricated from steel pipe or tubing and 
filled with structural concrete 

Concrete-encased beam. A beam totally encased in concrete cast integrally with the 
slab 

OF STEEL COP(STRUC~ON 



stability analysis 
e rotation per unit length 

Design documents. See structural design 
Design strength. Resistance (force, mo appropriate) provided by 

element or connection; the produ strength and the resistance 
factor 

Diagonal bracing. Inclined structural members carrying primarily axial load em- 
ployed to enable a structural frame to act as a truss to resist horizontal loads 

. Floor slab, metal wall or roof panel possessing a large in-plane shear 
ss and strength adequate to transmit horizontal forces to resisting sys- 

tems 
Diaphragm action. e in-plane action of a oor system (also roofs and walls) such 

that all columns framing into the floor from above and below are maintained 
in their same vosition relative to each other 

Double curvature. k bending condition in whic end moments on a member cause 
the member to assume an S-shape 

Drift. Lateral deflection of a building 
Drift index. The ratio of lateral deflection to the height of the building 
Ductility factor. The ratio of the total deformation at maximum load to the elastic- 

limit deformation 
Effective length. The equivalent length KL used in compression formulas and deter- 

mined by a bifurcation analysis 
Effective length factor K.  The ratio between the effective length and the unbraced 

length of the member measured between t e centers of gravity of the bracing 
members 

Effective moment of inertia. oment of inertia of cross section of a member 
that remains elastic wh tial plastification of cross section takes place, 
usually under the combination of residual stress and applied stress. Also, the 
moment of inertia based on effective ths of elements that buckle locally. 
Also, the moment of inertia used in th ign of partially composite members 

Effective stiffness. The stiffness of a member computed using the effective moment 
of inertia of its cross section 

Effective width. The reduced width of a plate or slab which, with an assumed uni- 
form stress distribution, produces the same effect on the behavior of a struc- 
tural member as the actud plate width with its nonuniform stress distribution 

Elastic analysis. Determination of load effects (force, moment, stress as appropri- 
ate) on members and connections based on the assumption that material defor- 
mation disappears on removal of the force that produced it 

Elastic-perfectly plastic. material which has a lized stress-strain curve that 
varies linearly fro e point of zero strain a ro stress up to the yield point 
of the material, and then increases in strain value of the yield stress with- 
out any further increases in stress 

Embedment. A steel component cast in a concrete structure which is used to trans- 
mit externally applied loads to the concrete structure by means of bearing, 
shear, bond, friction or any combination thereof. bedment may be fab- 
ricated of structural-steel plates, shapes, studs, concrete rein- 
forcing bars, shear connectors or any combinatioli thereof 
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Encased steel structure. A steel-framed structure in which all of the individual frame 
members are completely encased in cast-in-place concrete 

Euler formula. The mathematical relationship expressing the value of the Euler load 
in terms of the modulus of elasticity, the moment of inertia of the cross section 
and the length sf a column 

Euler load. The critical load of a perfectly straight, centrally loaded, pin-ended 
column 

Eyebar. A particular type of pin-connected tension member of uniform thickness 
with forged or flame cut head of greater width than the body proportioned to 
provide approximately equal strength in the head and body 

Factored load. The product of the nominal load and a load factor 
Fastener. Generic term for welds, bolts, rivets or other connecting device 
Fatigue. A fracture phenomenon resulting from a fluctuating stress cycle 
First-order analysis. Analysis based on first-order deformations in which equilib- 

rium conditions are formulated on the undeformed structure 
Flame-cutplate. A plate in which the longitudinal edges have been prepared by oxy- 

gen cutting from a brge plate 
Flat width. For a rectangular tube, the nominal width minus twice the outside corner 

radius. In absence of knowledge of the corner radius, the flat width may be 
taken as the total section width minus three times the thickness 

Flexible connection. A connection permitting a portion, but not all, of the simple 
beam rotation of a member end 

Floor system. The system of structural components separating the stories of a build- 
ing 

Force. Resultant of distribution of stress over a prescribed area. A reaction that 
develops in a member as a result of load (formerly called total stress or stress). 
Generic term signifying axial loads, bending moment, torques and shears 

Fracture toughness. Measurement of the ability to absorb energy without fracture. 
Generally determined by impact loading of specimens containing a notch hav- 
ing a prescribed geometry 

Frame buckling. A condition under which bifurcation may occur in a frame 
Frame instability. A condition under which a frame deforms with increasing lateral 

deflection under a system of increasing applied monotonic loads until a maxi- 
mum value of the load called the stability limit is reached, after which the 
frame will continue to deflect without further increase in load 

Fully composite beam. A composite beam with sufficient shear connectors to de- 
velop the full flexural strength of the composite section 

High-cycle fatigue. Failure resulting from more than 20,000 applications of cyclic 
stress 

Hybrid beam. A fabricated steel beam composed of flanges with a greater yield 
strength that that of the web. enever the maximum flange stress is less than 
or equal to the web yield stress the girder is considered homogeneous 

Hysteresis loop. A plot of force versus displacement of a structure or member sub- 
jected to reversed, repeated load into the inelastic range, in which the path fol- 
lowed during release and removal of load is different from the path for the ad- 
dition of load over the same range of displacement 

Inclusions. Nonmetallic material entrapped in otherwise sound metal 
Incomplete fusion. Lack of union by melting of filler and base metal over entire pre- 

scribed area 
Inelastic ac rial deformation that does not disappear on removal of the 

force ced it 



Instability. A condition reache e loading of an element or structure in which 
continued deformation results in a decrease of loa -resisting capacity 

Joint. Area where two or more ends, surfaces, or edges are attached. Categorized 
by type of fastener or weld used and method of force transfer 

K-bracing. A system of struts used in a braced frame in which the pattern of the 
struts resembles the letter K, either normal or on its side 

Lamellar tearing, Separation in highly restrained base metal caused by through- 
thickness strains induced by shrinkage of adjacent weld metal 

Lateral bracing member. A member utilized individually or as a component of a lat- 
eral bracing system to prevent buckling of members or elements and/or to re- 
sist lateral loads 

Lateral (or lateral-torsional) buckling. Buckling of a member involving lateral de- 
flection and twist 

Limit state. A condition in which a structure or component becomes unfit for service 
and is judged either to be no longer useful for its intended function (service- 
ability limit state) or to be unsafe (strength limit state) 

Limit states. Limits of structural usefulness, such as brittle fracture, plastic collapse, 
excessive deformation, durability, fatigue, instability and serviceability 

Load factor. A factor that accounts for unavoidable deviations of the actual load from 
the nominal value and for uncertainties in the analysis that transform the load 
into a load effect 

Loads. Forces or other actions that arise on structural systems from the weight of all 
permanent construction, occupants and their possessions, environmental ef- 
fects, differential settlement and restrained dimensional changes. Permanent 
loads are those loads in which variations in time are rare or of small magnitude. 
All other loads are variable loads. See No 

LRFD (Load and Resistance Factor Design). A m roportioning structural 
components (members, connectors, connecting elements and assemblages) 
such that no applicable limit state is exceeded when the structure is subjected 
to all appropriate load combinations 

Local buckling. The buckling of a compression element which may precipitate the 
failure of the whole member 

Low-cycle fatigue. Fracture resulting from a relatively hig stress range resulting in 
a relatively small number of cycles to failure 

Lower bound load. A load computed on the basis of an assumed equilibrium mo- 
ment diagram in which the moments are not greater than M,, that is, less than 
or at best equal to the true ultimate load 

Mechanism. An articulated system able to deform out an increase in load, used 
in the special sense that the linkage may incl real hinges or plastic hinges, 
or both 

Mechanism method. A method of plastic analysis in which equilibrium between ex- 
ternal forces and internal plastic hinges is calculated on the basis of an assumed 
mechanism. The failure load so determined is an upper bound 

Nominal loah.  The magnitudes of the loads specified by the applicable code 
Nominal strength. The capacity of a structure or onent to resist the effects of 

loads, as determined by computations usi fied material strengths and 
dimensions and formulas derived from a rinciples of structural me- 
chanics or by field tests or laboratory tests of scaled models, allowing for mod- 
eling effects and differences between laboratory and fie1 

Noncompact section. Noncompact sections can develop yield stress in compression 
elements before local buckling occurs, but will not resist inelastic local buck- 
ling at strain levels required for a fully plastic stress distribution 
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P-Delta effect. Secondary effect of column axial loads and lateral deflection on the 

moments in members 
Panel zone. The zone in a beam-to-column connection that transmits moments by a 

shear panel 
Partially composite beam. A composite beam for which the shear strength of shear 

connectors governs the flexural strength 
Plane frame. A structural system assumed for the purpose of analysis and design to 

be two-dimensional 
Plastic analysis. Determination of load effects (force, moment, stress, as appropri- 

ate) on members and connections based on the assumption of rigid-plastic be- 
havior, i.e., that equilibrium is satisfied throughout the structure and yield is 
not exceeded anywhere. Second order effects may need to be considered 

Plastic design section. The cross section of a member which can maintain a full plas- 
tic moment through large rotations so that a mechanism can develop; the sec- 
tion suitable for plastic design 

Plastic hinge. A yielded zone which forms in a structural member when the plastic 
moment is attained. The beam is assumed to rotate as if hinged, except that it 
is restrained by the plastic moment M, 

Plastic-limit load. The maximum load that is attained when a sufficient number of 
yield zones have formed to permit the structure to deform plastically without 
further increase in load. It is the largest load a structure will support, when 
perfect plasticity is assumed and when such factors as instability, second-order 
effects, strain hardening and fracture are neglected 

Plastic mechanism. See mechanism 
Plastic modulus. The section modulus of resistance to bending of a completely 

yielded cross-section. It is the combined static moment about the neutral axis 
of the cross-sectional areas above and below that axis 

Plastic moment. The resisting moment of a fully yielded cross section 
Plastic strain. The difference between total strain and elastic strain 
Plastic zone. The yielded region of a member 
Plast$cation. The process of successive yielding of fibers in the cross section of a 

member as bending moment is increased 
Plate girder. A built-up structural beam 
Post-buckling strength. The load that can be carried by an element, member or 

frame after buckling 
Redistribution of momen&. A process which results in the successive formation of 

plastic hinges so that less highly stressed portions of a structure may carry in- 
creased moments 

Required strength. Load effect (force, moment, stress, as ap opriate) acting on an 
element or connection determined by structural analysis the factored loads 
(using most appropriate critical load combinations) 

Residual stress. The stress that remains in an unloaded member after it has been 
formed into a finished product. (Examples of such stresses include, but are not 
limited to, those induced by cold bending, cooling after rolling, or welding.) 

Resistance. The capacity of a structure or component to resist the effects of loads. 
It is determined by computations using specified material strengths, dimen- 
sions and formulas derived from accepted principles of structural me 
or by field tests or laboratory tests of scaled models, allowing for mod 
fects and differences between laboratory and field conditions. Resist 
generic term that includes both strength and serviceability limit states 

Resistance factor. A factor that accoun 
strength from the nominal value 



ius termination point or the 

t a given shape can accept 
re 8, is the overall rotation 
lized rotation correspond- 

er that induces only shear 
stresses in the member 

Second-order analysis. Analysis based on second-order deformations, in which equi- 
librium conditions are formulated on the deformed structure 

Service load. Load expected to be supported by the structure under normal usage; 
often taken as the nominal load 

Serviceability limit state. Limiting condition affecting the ability of a structure to 
preserve its appearance, maintainability, durability or the comfort of its occu- 
pants or function of machinery under normal usage. 

Shape factor. The ratio of the plastic moment to the yield moment, or the ratio of 
the plastic modulus to the section modulus for a cross section 

Shear-friction. Friction between the embedment nd the concrete that transmits 
shear loads. The relative displacement in the lane of the shear load is consid- 
ered to be resisted by shear-friction anchors 1 erpendicular to the plane 
of the shear load 

Shear lugs. Plates, welded studs, bolts and other steel shapes that are embedded in 
the concrete and located transverse to the direction of the shear force and that 
transmit shea loads introduced into the concrete by local bearing at the shear 
lug-concrete interface 

Shear wall. A wall that in its own plane resists shear forces resulting from applied 
wind, earthquake or other transverse loads or provides frame stability. Also 
called a structural wall 

Sidesway. The lateral movement of a structure under the action of lateral loads, un- 
cal loads or unsymmetrical properties of the structure 
buckling mode of a multistory frame precipitated by the rel- 
cements of joints, leading to failure by sidesway of the frame 

Simple plastic theory. See Plastic design 
Single curvature. A deformed shape ber having one smooth continuous 

arc, as opposed to double curva h contains a reversal 
Slender section. The cross section of a which will experience local buckling 

in the elastic range 
Slenderness ratio. The ratio of the effective of a column to the radius of gyra- 

tion of the column, both with respect same axis of bending 
Slip-criticak joint. A bolt joint in which th sistance of the connection is re- 

quired 
Space frame. A three-dimensional structural framework (as contrasted to a plane 

frame) 
Splice. The connection between two structural elements joined at their ends to form 

(~eoretical) load a structure can support when 
second-order instability effects are inch 



Stepped column. A column with changes from one cross section to another occur- 
ring at abrupt points within the length of the column 

Stiffener. A member, usually an angle or ate, attached to a plate or web of a beam 
or girder to distribute load, fer shear or to prevent buckling of the 
member to which it is attach 

Stijfness. The resistance to defor ember or structure measured by the 
ratio of the applie force to the corresponding displacement 

Story drift. The difference in horizontal deflection at the top and bottom of a story 
Strain hardening. Phenomenon wherein ductile steel, after undergoing considerable 

deformation at or just above yield point, exhibits the capacity to resist substan- 
tially higher loading than that which caused initial yielding 

Strain-hardening strain. For structural steels that have a flat (plastic) region in the 
stress-strain relationship, the value of the strain at the onset of strain hardening 

Strength design. A method of pr rtioning structural members using load factors 
and resistance factors such no applicable limit state is exceeded (also called 
load and resistance factor design) 

Strength limit state. Limiting condition affecting the safety of the structure, in which 
the ultimate load-carrying capacity is reached 

Stress. Force per unit area 
Stress concentration. Eocaliz stress considerably higher than average (even in uni- 

formly loaded cross sec ns of uniform thickness) due to abrupt changes in ge- 
ometry or %ocalized loading 

Strong axis. The major princi 1 axis of a cross section 
Structural design documents. repared by the designer (plans, design 

details and job specifications) 
Structural system. An assemblage of load-carrying components which are joined to- 

gether to provide regular interaction or interdependence 
Stub column. A short compression-test specimen, long enough for use in measur- 

ing the stress-strain relationship for the complete cross section, but short 
enough to avoid buckling as a column in the elastic and plastic ranges 

Subassemblage. A truncated portion of a structural frame 
Supported frame. A frame which depends upon adjace aced or unbraced frames 

for resistance to lateral load or frame instability. s transfer of load is fre- 
quently provided by the floor or roof system through diaphragm action or by 
horizontal cross bracing in the roof.) 

Tangent modulus. At any given stress level, the slope of the stress-strain curve of a 
material in the inelastic range as deter ined by the compression test of a small 
specimen under controlled conditions. 

Temporary structure. A gene for anything that is built or constructed (usu- 
ally to carry constructio that will eventually be removed before or after 
completion of constru does not become part of the per 

e maximum tensile stress that a material is capable of sustaining 
The behavior of a plate girder panel under shear force in which 

diagonal tensile stresses develop in the web and compressive forces develop in 
the transverse stiffeners in a manner analogous to a Pratt truss 

Toe of the fillet. Termination point of fillet weld or of rolled section fillet 
Torque-tension relationship Ter 

specified pre-tension in h 



Turn-of-nut method. ed pre-tension in 
redetermined am 

nut has been tightened to a snug fit 
Unbraced frame. A frame in which the resistance to lateral load is provided by the 

bending resistance of frame members and their connections 
Unbraced length. The distance between braced points of a member, measured be- 

tween the centers of gravity of the bracing members 
Undercut. A notch resulting from the melting and removal of base metal at the edge 

of a weld 
Universal-mill plate. A plate in which the longitudinal edges have been formed by a 

rolling process during manufacture. Often abbreviated as UM plate 
Upper bound load. A load computed on the basis of an assumed mechanism which 

will always be at best equal to or greater than the true ultimate load 
Vertical bracing system. A system of shear walls, braced frames or both, extending 

throughout one or more floors of a building 
Von Mises yield criterion. A theory which states that inelastic action at any point in 

a body under any combination of stresses begins only when the strain energy 
of distortion per unit volume absorbed at the point is equal to the strain energy 
of distortion absorbed per unit volume at any point in a simple tensile bar 
stressed to the elastic limit under a state of uniaxial stress. It is often called the 
maximum strain-energy-of-distortion theory. Accordingly, shear yield occurs 
at 0.58 times yield strength 

Warping torsion. That portion of the total resistance to torsion that is provided by 
resistance to warping of the cross section 

Weak axis. The minor principal axis of a cross section 
Weathering steel. A type of high-strength, low-alloy steel which can be used in nor- 

mal environments (not marine) and outdoor exposures without protective 
paint covering. This steel develops a tight adherent rust at a decreasing rate 
with respect to time 

Web buckling. The buckling of a web plate 
Web crippling. The local failure of a web plate in the immediate vicinity of a concen- 

trated load or reaction 
Working load. Also called service load. The actual load assumed to be acting on the 

structure. 
Yield moment. In a member subjected to bending, the moment at which an outer 

fiber first attains the yield stress 
Yieldplateau. The portion of the stress-strain curve for uniaxial tension or compres- 

sion in which the stress remains essentially constant during a period of substan- 
tially increased strain 

Yieldpoint. The first stress in a material at which an increase in strain occurs without 
an increase in stress, the yield point less than the maximum attainable stress 

Yield strength. The stress at which a material exhibits a specified limiting deviation 
from the proportionality of stress to strain. Deviation expressed in terms of 
strain 

Yield stress. Yield point, yield strength or yield-stress level as defined 
Yield-stress level. The average stress during yielding in the plastic range, the stress 

determined in a tension test when the strain reaches 0.005 in. per in. 
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PREFACE 

hen contractual documents do not contain specific provisions to the contrary, 
existing trade practices are considered to be incorporated into the relationships 
between the parties to a contract. As in any industry, trade practices have developed 
among those involved in the purchase, design, fabrication and erection of structural 
steel. The American Institute of Steel Construction has continuously surveyed the 
structural steel fabrication industry to determine standard practices and, commencing 
in 1924, published its Code of Standard Practice. Since that date, the Code has been 
periodically updated to reflect new and changing technology and practices of the 
industry. 

It is the Institute's intention to provide to owners, architects, engineers, contrac- 
tors and others associated with construction, a useful framework for a common 
understanding of acceptable standards when contracting for structural steel construc- 
tion. 

This edition is the third complete revision of the Code since it was first published. 
Pt includes a number of new sections covering new subjects not included in the 
previous Code, but which are an integral part of the relationship of the parties to a 
contract. 

The Institute acknowledges the valuable information and suggestions provided by 
trade associations and other organizations associated with construction and the fabri- 
cating industry in developing this current Code of Standard Practice. 

While every precaution has been taken to insure that all data and information 
presented is as accurate as possible, the Institute cannot assume responsibility for 
errors or oversights in the information published herein, or the use of the information 
published or incorporation of such information in the preparation of detailed en- 
gineering plans. The Code should not replace the judgment of an experienced 
architect or engineer who has the responsibility of design for a specific structure. 
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The practices defined herein have been adopted by the AISC as the commonly 
accepted standards of the structural steel fabricating industry. In the absence of other 
instructions in the contract documents, the trade practices defined in this Code of 
Standard Practice, as revised to date, govern the fabrication and erection of structural 
steel. 

eation-The SpeciJication for the Design, Fabrication and Erection of 
Structural Steel for Buildings as adopted by the American Institute of Steel 
Construction. 

ANSI-American National Standards Institute. 
gineer-The owner's designated representative with full responsibility 

design and integrity of the structure. 
e material standard of the American Society for Testing and Materials. 

he Structural Welding Code of the American Welding Society. 
of Standard Practice as adopted by the American Institute of Steel 

Construction. 
Contract Documents-The documents which define the responsibilities of the par- 

ties involved in bidding, purchasing, supplying and erecting structural steel. 
Such documents normally consist of a contract, plans and specifications. 

Drawings-Shop and field erection drawings prepared by the fabricator and erector 
for the performance of the work. 

Erector-The party responsible for the erection of the structural steel. 
Fabricator-The party responsible for furnishing fabricated structural steel. 
General Contractor-The owner's designated representative with full responsibility 

for the construction of the structure. 
eta1 Building Manufacturers Association. 
&Steel mill products ordered expressly for the requirements of a 

specific project. 
Owner-The owner of the proposed structure or his designated representatives, 

who may be the architect,-engineer, general contractor, public authority or 
others 
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an-Design drawings furnished by the party responsible for the design of the 
structure. 

Release for Construction-The release by the owner permitting the fabricator to 
commence work under the contract, including ordering material and the prepa- 
ration of shop drawings. 

SSPC-The Steel Structures Painting Council, publishers of the Steel Structures 
Painting Manual, Vol. 2,  "Systems and Specifications." 

Tier-The word Tier used in Sect. 7.11 is defined as a column shipping piece. 

1.3. Design Criteria for Buildings and Similar Ty 

In the absence of other instructions, the provisions of the AISC Specification 
govern the design of the structural steel. 

In the absence of other instructions, the following provisions govern, as applica- 
ble: 

Standard Specijications for Highway Bridges of American Association of State 
Highway and Transportation Officials 

Specijications for Steel Railway Bridges of American Railway Engineering Asso- 
ciation 

Structural Welding Code of American Welding Society 

1.5. Responsibility for Design 

1.5.1. When the owner provides the design, plans and specifications, the fabrica- 
tor and erector are not responsible for the suitability, adequacy or legality of the 
design. The fabricator is not responsible for the practicability or safety of erection if 
the structure is erected by others. 

3.2.  If the owner desires the fabricator or erector to prepare the design, plans 
and specifications, or to assume any responsibility for the suitability, adequacy or 
legality of the design, he clearly states his requirements in the contract documents. 

Except when the contract documents call for the design to be furnished by the 
fabricator or erector, the fabricator and erector assume that all necessary patent rights 
have been obtained by the owner and that the fabricator or erector will be fully 
protected in the use of patented designs, devices or parts required by the contract 
documents. 

2.1. Definition of Structural Steel 

"Structural Steel," as used to define the scope of work in the contract documents, 
consists of the steel elements of the structural steel frame essential to support the 
design loads. Unless otherwise specified in the contract documents, these elements 
consist of material as shown on the structural steel plans and described as: 
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Anchor bolts for structural steel 
Base or bearing plates 
Beams, Girders, Purlins and Girts 
Bearings of steel for girders, trusses or bridges 
Bracing 
Columns, posts 
Connecting materials for framing structural steel to structural steel 
Crane rails, splices, stops, bolts and clamps 
Door frames constituting part of the steel frame 
Expansion joints connected to steel frame 
Fasteners for connecting structural steel items: 

Shop rivets 
Permanent shop bolts 
Shop bolts for shipment 
Field rivets for permanent connections 
Field bolts for permanent connections 
Permanent pins 

Floor Plates (checkered or plain) attached to steel frame 
Grillage beams and girders 

angers essential to the structural steel frame 
Leveling plates, wedges, shims & leveling screws 
Lintels, if attached to the structural steel frame 
Marquee or canopy framing 
Machinery foundations of rolled steel sections and/or plate attached to the 

structural frame 
Monorail elements of standard structural shapes when attached to the structural 

frame 
Roof frames of standard structural shapes 
Shear connectors-if specified shop attached 
Struts, tie rods and sag rods forming part of the structural frame 
Trusses 

er Steel or Metal 

The classification "Structural Steel," does not include steel, iron or other metal 
items not generally described in Paragraph 2.1, even when such items are shown on the 
structural steel plans or are attached to the structural frame. These items include but 
are not limited to: 

Cables for permanent bracing or suspension systems 
Chutes and hoppers 
Cold-formed steel products 
Door and corner guards 
Embedded steel parts in precast or poured concrete 
Flagpole support steel 
Floor plates (checkered or plain) not attached to the steel frame 
Grating and metal deck 
Items required for the assembly or erection of materials supplied by trades other 

than structural steel fabricators or erectors 
Ladders and safety cages 
Lintels over wall recesses 

iscellaneous metal 
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Non-steel bearings 
Open-web, long-span joists and joist girders 
Ornamental metal framing 
Shear connectors field installed 
Stacks, tanks and pressure vessels 
Stairs, catwalks, handrail and toeplates 
Trench or pit covers. 

3.1. Structural Steel 

In order to insure adequate and complete bids, the contract documents provide 
complete structural steel design plans clearly showing the work to be performed and 
giving the size, section, material grade and the location of all members, floor levels, 
column centers and offsets, camber of members, with sufficient dimensions to convey 
accurately the quantity and nature of the structural steel to be furnished. Structural 
steel specifications include any special requirements controlling the fabrication and 
erection of the structural steel. 

3.1.1. Wind bracing, connections, column stiffeners, bearing stiffeners on beams 
and girders, web reinforcement, openings for other trades, and other special details 
where required are shown in sufficient detail so that they may be readily understood. 

3.1.2. Plans include sufficient data concerning assumed loads, shears, moments 
and axial forces to be resisted by members and their connections, as may be required 
for the development of connection details on the shop drawings and the erection of the 
structure. 

3.1.3. Where connections are not shown, the connections are to be in accordance 
with the requirements of the AISC Specification. 

3.1.4. When loose lintels and leveling plates are required to be furnished as part of 
the contract requirements, the plans and specifications show the size, section and 
location of all pieces. 

3.2. Architectural, Electrical an 

Architectural, electrical and mechanical plans may be used as a supplement to the 
structural steel plans to define detail configurations and construction information, 
provided all requirements for the structural steel are noted on the structural steel 
plans. 

3.3. Discrepancies 

In case of discrepancies between plans and specifications for buildings, the 
specifications govern. In case of discrepancies between plans and specifications for 
bridges, the plans govern. In case of discrepancies between scale dimensions on the 
plans and figures written on them, the figures govern. In case of discrepancies between 
the structural steel plans and plans for other trades, the structural steel plans govern. 



Steel Buildings and Bridges * 5 - 229 

3.4. Legibility of Plans 

Plans are clearly legible and made to a scale not less then %-inch to the foot. More 
complex information is furnished to an adequate scale to convey the information 
clearly. 

When it is required that a project be advertised for bidding before the require- 
ments of Article 3.1 can be met, the owner must provide sufficient information in form 
of scope, drawings, weights, outline specifications, and other descriptive data to 
enable the fabricator and erector to prepare a knowledgeable bid. 

4.1. Owner Responsibility 

To enable the fabricator and erector to properly and expeditiously proceed with 
the work, the owner furnishes, in a timely manner and in accordance with the contract 
documents, complete structural steel plans and specifications released for construc- 
tion. "Released for construction7' plans and specifications are required by the fabrica- 
tor for ordering the mill material and for the preparation and completion of shop and 
erection drawings. 

4.2. Approval 

When shop drawings are made by the fabricator, prints thereof are submitted to 
the owner for his examination and approval. The fabricator includes a maximum 
allowance of fourteen (14) calendar days in his schedule for the return of shop 
drawings. Return of shop drawings is noted with the owner's approval, or approval 
subject to corrections as noted. The fabricator makes the corrections, furnishes 
corrected prints to the owner, and is released by the owner to start fabrication. 

4.2.1. Approval by the owner of shop drawings prepared by the fabricator indi- 
cates that the fabricator has correctly interpreted the contract requirements, and is 
released by the owner to start fabrication. This approval constitutes the owner's 
acceptance of all responsibility for the design adequacy of any detail configuration of 
connections developed by the fabricator as part of his preparation of these shop 
drawings. Approval does not relieve the fabricator of the responsibility for accuracy of 
detail dimensions on shop drawings, nor the general fit-up of parts to be assembled in 
the field. 

4.2.2. Unless specifically stated to the contrary, any additions, deletions or 
changes indicated on the approval of shop and erection drawings are authorizations by 
the owner to release the additions, deletions or revisions for construction. 

4.3. Drawings Furnished by Owner 

When the shop drawings are furnished by the owner, he must deliver them to the 
fabricator in time to permit material procurement and fabrication to proceed in an 
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orderly manner in accordance with the prescribed t m e  schedule. I'he owner prepares 
these shop drawings, insofar as practicable, in accordance with the shop and drafting 
room standards of the fabricator. The owner is responsible for the completeness and 
accuracy of shop drawings so furnished. 

SECTION 5. MATERIALS 

5.1.1. Mill tests are performed to demonstrate material conformance to ASTM 
specifications in accordance with the contract requirements. Unless special require- 
ments are included in the contract documents, mill testing is limited to those tests 
required by the applicable ASTM material specifications. Mill test reports are fur- 
nished by the fabricator only if requested by the owner, either in the contract 
documents or in separate written instmctions prior to the time the fabricator places his 
material orders with the mill. 

5.1.2. When material received from the mill does not satisfy ASTM A6 tolerances 
for camber, profile, flatness or sweep, the fabricator is permitted to perform corrective 
work by the use of controlled heating and mechanical straightening, subject to the 
limitations of the AISC Specification. 

5.1.3. Corrective procedures described in ASTM A6 for reconditioning the sur- 
face of structural steel plates and shapes before shipment from the producing mill may 
also be performed by the fabricator, at his option, when variations described in ASTM 
A6 are discovered or occur after receipt of the steel from the producing mill. 

5.1.4. When special requirements demand tolerances more restrictive than 
allowed by ASTM A6, such requirements are defined in the contract documents and 
the fabricator has the option of corrective measures as described above. 

5.2. Stock Materials 

5.2.1. Many fabricators maintain stocks of steel products for use in their fabricat- 
ing operations. Materials taken from stock by the fabricator for use for structural 
purposes must be of a quality at least equal to that required by the ASTM specifica- 
tions applicable to the classification covering the intended use. 

5.2.2. Mill test reports are accepted as sufficient record of the quality of materials 
carried in stock by the fabricator. The fabricator reviews and retains the mill test 
reports covering the materials he purchases for stock, but he does not maintain records 
that identify individual pieces of stock material against individual mill test reports. 
Such records are not required if the fabricator purchases for stock under established 
specifications as to grade and quality. 

5.2.3. Stock materials purchased under no particular specifications or under spec- 
ifications less rigid than those mentioned above, or stock materials which have not 
been subject to mill or other recognized test reports, are not used without the express 
approval of the owner, except where the quality of the material could not affect the 
integrity of the structure. 
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SECTION 6. FA RICATION AND DELIVERY 

A.1. High strength steel and steel ordered to special requirements is marked by 
the supplier, in accordance with ASTM A6 requirements, prior to delivery to the 
fabricator's shop or other point of use. 

6.1.2. High strength steel and steel ordered to special requirements that has not 
been marked by the supplier in accordance with Sect. 6.1.1 is not used until its 
identification is established by means of tests as specified in Sect. 1.4.1.1 of the AISC 
Specification, and until a fabricator's identification mark, as described in Sect. 6.1.3, 
has been applied. 

6.1.3. During fabrication, up to the point of assembling members, each piece of 
high strength steel and steel ordered to special requirements carries a fabricator's 
identification mark or an original supplier's identification mark. The fabricator's 
identification mark is in accordance with the fabricator's established identification 
system, which is on record and available for the information of the owner or his 
representative, the building commissioner and the inspector, prior to the start of 
fabrication. 

, Members made of high strength steel and steel ordered to special require- 
ments are not given the same assembling or erecting mark as members made of other 
steel, even though they are of identical dimensions and detail. 

aration of Material 

6.2.1. Thermal cutting of structural steel may be by hand or mechanically guided 
means. 

6.2.2. Surfaces noted as "finished" on the drawings are defined as having a 
maximum ANSI roughness height value of 500. Any fabricating technique, such as 
friction sawing, cold sawing, milling, etc., that produces such a finish may be used. 

6.3. Fitting and Fastening 

6.3.1. Projecting elements of connection attachments need not be straightened in 
the connecting plane if it can be demonstrated that installation of the connectors or 
fitting aids will provide reasonable contact between faying surfaces. 

6.3.2. Runoff tabs are often required to produce sound welds. The fabricator or 
erector does not remove them unless specified in the contract documents. When their 
removal is required, they may be hand flame-cut close to the edge of the finished 
member with no further finishing required, unless other finishing is specifically called 
for in the contract documents. 

3.3.  All high-strength bolts for shop attached connection material are to be 
installed in the shop in accordance with Specfzcation for Structural Joints Using A325 
or A490 Bolts, unless otherwise noted on the shop drawings. 

ensional Tolerances 

. A variation of ?&-inch is permissible in the overall length of members with 
both ends finished for contact bearing as defined in Sect. 6.2.2. 
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embers without ends finished for contact bearing, which are to be framed 
to other steel parts of the structure, may have a variation from the detailed length not 
greater than %6-inch for members 30 ft or less in length, and not greater than %-inch 
for members over 30 ft in length. 

6.4.3. Unless otherwise specified, structural members, whether of a single-rolled 
shape or built-up, may vary from straightness within the tolerances allowed for 
wide-flange shapes by ASTM Specification A6, except that the tolerance on deviation 
from straightness of compression members is %ooo of the axial length between points 
which are to be laterally supported. 

Completed members should be free from twists, bends and open joints. Sharp 
kinks or bends are cause for rejection of material. 

6.4.4. Beams and trusses detailed without specified camber are fabricated so that 
after erection any camber due to rolling or shop fabrication is upward. 

6.4.5. Any permissible deviation in depths of girders may result in abrupt changes 
in depth at splices. Any such difference in depth at a bolted joint, within the prescribed 
tolerances, is taken up by fill plates. At welded joints the weld profile may be adjusted 
to conform to the variation in depth, provided that the minimum cross section of 
required weld is furnished and that the slope of the weld surface meets AWS Code 
requirements. 

6.5. Shop Painting 

6.5.1. The contract documents specify all the painting requirements, including 
members to be painted, surface preparation, paint specifications, manufacturer's 
product identification and the required dry film thickness, in mils, of the shop coat. 

6.5.2. The shop coat of paint is the prize coat of the protective system. It protects 
the steel for only a short period of exposure in ordinary atmospheric conditions, and is 
considered a temporary and provisional coating. The fabricator does not assume 
responsibility for deterioration of the prime coat that may result from extended 
exposure to ordinary atmospheric conditions, nor from exposure to corrosive condi- 
tions more severe than ordinary atmospheric conditions. 

6.5.3. In the absence of other requirements in the contract documents, the fabrica- 
tor hand cleans the steel of loose rust, loose mill scale, dirt and other foreign matter, 
prior to painting, by means of wire brushing or by other methods elected by the 
fabricator, to meet the requirements of SSPC-SP2. The fabricator's workmanship on 
surface preparation is considered accepted by the owner unless specifically dis- 
approved prior to paint application. 

6.5.4. Unless specifically excluded, paint is applied by brush, spray, roller coating, 
flow coating or dipping, at the election of the fabricator. When the term "shop coat" or 
"shop paint" is used with no paint system specified, the fabricator's standard paint 
shall be applied to a minimum dry film thickness of one mil. 

6.5.5 Steel not requiring shop paint is cleaned of oil or grease by solvent cleaners 
and cleaned of dirt and other foreign material by sweeping with a fiber brush or other 
suitable means. 

. Abrasions caused by handling after painting are to be expected. Touch-up 
of these blemished areas is the responsibility of the contractor performing field 
touch-up or field painting. 
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6.6. Marking and Shipping of 

6.6.1. Erection marks are applied to the structural steel members by painting or 
other suitable means, unless otherwise specified in the contract documents. 

6.6.2. Rivets and bolts are commonly shipped in separate containers according to 
length and diameter; loose nuts and washers are shipped in separate containers 
according to sizes. Pins and other small parts, and packages of rivets, bolts, nuts and 
washers are usually shipped in boxes, crates, kegs or barrels. A list and description of 
the material usually appears on the outside of each closed container. 

6.7. Delivery of  Materials 

6.7.1 Fabricated structural steel is delivered in such sequence as will permit the 
most efficient and economical performance of both shop fabrication and erection. If 
the owner wishes to prescribe or control the sequence of delivery of materials, he 
reserves such right and defines the requirements in the contract documents. If the 
owner contracts separately for delivery and erection, he must coordinate planning 
between contractors. 

6.7.2. Anchor bolts, washers and other anchorage or grillage materials to be built 
into masonry should be shipped so that they will be on hand when needed. The owner 
must give the fabricator sufficient time to fabricate and ship such materials before they 
are needed. 

6.7.3. The quantities of material shown by the shipping statement are customarily 
accepted by the owner, fabricator and erector as correct. If any shortage is claimed, 
the owner or erector should immediately notify the carrier and the fabricator in order 
that the claim may be investigated. 

6.7.4. The size and weight of structural steel assemblies may be limited by shop 
capabilities, the permissible weight and clearance dimensions of available transporta- 
tion and the job site conditions. The fabricator limits the number of field splices to 
those consistent with minimum project cost. 

6.7.5. If material arrives at its destination in damaged condition, it is the responsi- 
bility of the receiving party to promptly notify the fabricator and carrier prior to 
unloading the material, or immediately upon discovery. 

SECTION 7. ERECTION 

7.1. Method of  Erection 

When the owner wishes to control the method and sequence of erection, or when 
certain members cannot be erected in their normal sequence, the owner so specifies in 
the contract documents. In the absence of such restrictions, the erector will proceed 
using the most efficient and economical method and sequence available to him 
consistent with the contract documents. When the owner contracts separately for 
fabrication and erection services, the owner is responsible for coordinating planning 
between contractors. 
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The owner provides and maintains adequate access roads into and through the 
site for the safe delivery of derricks, cranes, other necessary equipment, and the 
material to be erected. The owner affords the erector afirm, properly graded, drained, 
convenient and adequate space at the site for the operation of his equipment, and 
removes all overhead obstructions such as power lines, telephone lines, etc., in order 
to provide a safe working area for erection of the steelwork. The erector provides and 
installs the safety protection required for his own work. Any protection for other 
trades not essential to the steel erection activity is the responsibility of the owner. 
When the structure does not occupy the full available site, the owner provides 
adequate storage space to enable the fabricator and erector to operate at maximum 
practicable speed. 

7.3. Foundations, ers and Abutmerrts 

The accurate location, strength, suitability and access to all foundations, piers and 
abutments is the sole responsibility of the owner. 

uilding Lines and Bench Marks 

The owner is responsible for accurate location of building lines and bench marks 
at the site of the structure, and for furnishing the erector with a plan containing all such 
information. 

7.5. Installation of Anc or Bolts and Embed 

7.5.1. Anchor bolts and foundation bolts are set by the owner in accordance with 
an approved drawing. They must not vary from the dimensions shown on the erection 
drawings by more than the following: 

(a) %-inch center to center of any two bolts within an anchor bolt group, where an 
anchor bolt group is defined as the set of anchor bolts which receive a single 
fabricated steel shipping piece. 

) %-inch center to center of adjacent anchor bolt groups. 
(c) Elevation of the top of anchor bolts a %-inch 
(d) Maximum accumulation of Y4-inch per hundred feet along the established 

column line of multiple anchor bolt groups, but not to exceed a total of I in., 
where the established column line is the actual field line most representative 
of the centers of the as-built anchor bolt groups along a line of columns. 

(e) %-inch from the center of any anchor bolt group to the established column 
line through that group. 

(f) The tolerances of paragraphs b, c and d apply to offset dimensions shown on 
the plans, measured parallel and perpendicular to the nearest established 
column line for individual columns shown on the plans to be offset from 
established column lines. 

7.5.2. Unless shown otherwise, anchor bolts are set perpendicular to the theo- 
retical bearing surface. 

7.5.3. Other embedded items or connection materials between the structural steel 
and the work of other trades are located and set by the owner in accordance with 
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approved location or erection drawings. Accuracy of these items must satisfy the 
erection tolerance requirements of Sect. 7.1 1.3. 

7.5.4. All work performed by the owner is completed so as not to delay or interfere 
with the erection of the structural steel. 

The owner sets to h e  and grade all leveling plates and loose bearing plates which 
can be handled without a derrick or crane. All other bearing devices supporting 
structural steel are set and wedged, shimmed or adjusted with leveling screws by the 
erector to lines and grades established by the owner. The fabricator provides the 
wedges, shims or leveling screws that are required, and clearly scribes the bearing 
devices with working lines to facilitate proper alignment. Promptly after the setting of 
any bearing devices, the owner checks lines and grades, and grouts as required. The 
final location and proper grouting of bearing devices are the responsibility of the 
owner. Tolerance on elevation relative to established grades of bearing devices, 
whether set by the owner or by the erector, is plus or minus I%-inch. 

ield Connection Material 

7.7.1 The fabricator provides field connection details consistent with the require- 
ments of the contract documents which will, in his opinion, result in the most econom- 
ical fabrication and erection cost. 

7.7.2. When the fabricator erects the structural steel, the fabricator supplies all 
materials required for temporary and permanent connection of the component parts 
of the structural steel. 

7.7.3 When the erection of the structural steel is performed by someone other than 
the fabricator, the fabricator furnishes the following field connection material: 

(a) Bolts of required size and in sufficient quantity for all field connections of steel 
to steel which are to be permanently bolted. Unless high-strength bolts or 
other special types of bolts and washers are specified, common bolts are 
furnished. An extra 2 percent of each bolt size (diameter and length) are 
furnished. 

(b) Rivets of required size and in sufficient quantity for all field connections of 
steel to steel which are to be riveted field connections. An extra 10 percent of 
each rivet size are furnished. 

(c) Shims shown as necessary for make-up of permanent connections of steel to 
steel. 

(dl) Back-up bars or run-off tabs that may be required for field welding. 

7.7.4. When the erection of the structural steel is performed by someone other 
than the fabricator, the erector furnishes all welding electrodes, fit-up bolts and drift 
pins used for erection of the structural steel. 

7.7.5. Field-installed shear connectors are supplied by the shear connector appli- 
cator. 

eta1 deck support angles are the responsibility of the metal deck supplier. 
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Loose items of structural steel not connected to the structural frame are set by the 
owner without assistance from the erector, unless otherwise specified in the contract 
documents. 

7.9. Temporary Sup ort of Structural Steel Frames. 

7.9.1. General 

Temporary supports, such as temporary guys, braces, falsework, cribbing or 
other elements required for the erection operation will be determined and furnished 
and installed by the erector. These temporary supports will secure the steel framing, or 
any partly assembled steel framing, against loads comparable in intensity to those for 
which the structure was designed, resulting from wind, seismic forces and erection 
operations, but not the loads resulting from the performance of work by or the acts of 
others, nor such unpredictable loads as those due to tornado, explosion or collision. 

A self-supporting steel frame is one that provides the required stability and 
resistance to gravity loads and design wind and seismic forces without interaction with 
other elements of the structure. The erector furnishes and installs only those tempo- 
rary supports that are necessary to secure any element or elements of the steel framing 
until they are made stable without external support. 

7.9.3. Non-Self-supporting Steel Frames 

A non-self-supporting steel frame is one that requires interaction with other 
elements not classified as Structural Steel to provide the required stability or resistance 
to wind and seismic forces. Such frames shall be clearly identified in the contract 
documents. The contract documents specify the sequence and schedule of placement 
of such elements and the effect of loads imposed by these partially or completely 
installed interacting elements on the bare steel frame. The erector determines the 
need and furnishes and installs the temporary supports in accordance with this in- 
formation. The owner is responsible for the installation and timely completion of all 
elements that are required for stability of the frame. 

7.9.4. Special Erection Con 

When the design concept of a structure is dependent upon use of shores, jacks or 
loads which must be adjusted as erection progresses to set or maintain camber or 
prestress, such requirement is specifically stated in the contract documents. 

7.9.5. Removal of Temporary Su 

The temporary guys, braces, falsework, cribbing and other elements required for 
the erection operation, which are furnished and installed by the erector, are not the 
property of the owner. 

In selfkupporting structures, temporary supports are not required after the 
structural steel for a self-supporting element is located and finally fastened within the 
required tolerances. After such final fastening, the erector is no longer responsible for 
temporary support of the self-supporting element and may remove the temporary 
supports. 
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In non-self-supporting structures, the erector may remove temporary supports 
when the necessary non-structural steel elements are complete. Temporary supports 
are not to be removed without the consent of the erector. At completion of steel 
erection, any temporary supports that are required to be left in place are removed by 
the owner and returned to the erector in good condition. 

.6. Temporary Supports for Other Work 

Should temporary supports beyond those defined as the responsibility of the 
erector in Sects. 7.9.1,7.9.2 and 7.9.3 be required, either during or after the erection 
of the structural steel, responsibility for the supply and installation of such supports 
rests with the owner. 

7.10. Temporary Floors and Wan 

The erector provides floor coverings, handrails and walkways as required by law 
and applicable safety regulations for protection of his own personnel. As work 
progresses, the erector removes such facilities from units where the erection opera- 
tions are completed, unless other arrangements are included in the contract docu- 
ments. The owner is responsible for all protection necessary for the work of other 
trades. When permanent steel decking is used for protective flooring and is installed by 
the owner, all such work is performed so as not to delay or interfere with erection 
progress and is scheduled by the owner and installed in a sequence adequate to meet all 
safety regulations. 

7. PI. 1. Overall Dimensions 

Some variation is to be expected in the finished overall dimensions of structural 
steel frames. Such variations are deemed to be within the limits of good practice when 
they do not exceed the cumulative effect of rolling tolerances, fabricating tolerances 
and erection tolerances. 

2. Working Points and Working Lines 

Erection tolerances are defined relative to member working points and working 
lines as follows: 

For members other than horizontal members, the member work point is the 
actual center of the member at each end of the shipping piece. 
For horizontal members, the working point is the actual center line of the top 
flange or top surface at each end. 
Other working points may be substituted for ease of reference, providing they 
are based upon these definitions. 
The member working line is a straight line connecting the member working 
points. 

The tolerances on position and alignment of member working points and working 
lines are as follows: 
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Individual column shipping pieces are considered plumb if the deviation of the 
working line from a plumb line does not exceed 1:500, subject to the following 
limitations: 

(a) The member working points of column shipping pieces adjacent to elevator 
shafts may be displaced no more than 1 in. from the established column line in 
the first 20 stories; above this level, the displacement may be increased 
?&-inch for each additional story up to a maximum of 2 in. 

(b) The member working points of exterior column shipping pieces may be 
displaced from the established column line no more than 1 in. toward nor 2 in. 
away from the building line in the first 20 stories; above the 20th story, the 
displacement may be increased %6-inch for each additional story, but may not 
exceed a total displacement of 2 in. toward nor 3 in. away from the building 
line. 

(c) The member working points of exterior column shipping pieces at any splice 
level for multi-tier buildings and at the tops of columns for single tier buildings 
may not fall outside a horizontal envelope, parallel to the building line, 
1Yz-inch wide for buildings up to 300 ft in length. The width of the envelope 
may be increased by %-inch for each additional 100 ft in length, but may not 
exceed 3 in. 

(dl The member working points of exterior column shipping pieces may be 
displaced from the established column line, in a direction parallel to the 
building line, no more than 2 in. in the first 20 stories; above the 20th story, 
the displacement may be increased %6-inch for each additional story, but may 
not exceed a total displacement of 3 in. parallel to the building line. 

7.11.3.2. Members Other T 

(a) Alignment of members which consist of a single straight shipping piece 
containing no field splices, except cantilever members, is considered accept- 
able if the variation in alignment is caused solely by the variation of column 
alignment and/or primary supporting member alignment within the permissi- 
ble limits for fabrication and erection of such members. 

(b) The elevation of members connecting to columns is considered acceptable if 
the distance from the member working point to the upper milled splice line of 
the column does not deviate more than plus %-inch or minus ?&-inch from 
the distance specified on the drawings. 

(c) The elevation of members which consist of a single shipping piece, other than 
members connected to columns, is considered acceptable if the variation in 
actual elevation is caused solely by the variation in elevation of the supporting 
members which are within permissible limits for fabrication and erection of 
such members. 

(d) Individual shipping pieces which are segments of field assembled units con- 
taining field splices between points of support are considered plumb, level 
and aligned if the angular variation of the working line of each shipping piece 
relative to the plan alignment does not exceed 1500. 

(e) The elevation and alignment of cantilever members shall be considered 
plumb, level and aligned if the angular variation of the working line from a 
straight line extended in the plan direction from the working point at its 
supported end does not exceed 1:500. 
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(f) The elevation and alignment of members which are of irregular shape shall be 
considered plumb, level and aligned if the fabricated member is within its 
tolerance and its supporting member or members are within the tolerances 
specified in this Code. 

The alignment of lintels, wall supports, curb angles, mullions and similar support- 
ing members for the use of other trades, requiring limits closer than the foregoing 
tolerances, cannot be assured unless the owner's plans call for adjustable connections 
of these members to the supporting structural frame. When adjustable connections are 
specified, the owner's plans must provide for the total adjustment required to 
accommodate the tolerances on the steel frame for the proper alignment of these 
supports for other trades. The tolerances on position and alignment of such adjustable 
items are as follows: 

(a) Adjustable items are considered to be properly located in their vertical 
position when their location is within %-inch of the location established from 
the upper milled splice line of the nearest column to the support location as 
specified on the drawings. 

(la) Adjustable items are considered to be properly located in their horizontal 
position when their location is within %-inch of the proper location relative to 
the established finish line at any particular floor. 

onsibility for Clearances 

In the design of steel structures, the owner is responsible for providing clearances 
and adjustments of material furnished by other trades to accommodate all of the 
foregoing tolerances of the structural steel frame. 

7.11.5. Acceptance of Position an 

Prior to placing or applying any other materials, the owner is responsible for 
determining that the location of the structural steel is acceptable for plumbness, level 
and alignment within tolerances, The erector is given timely notice of acceptance by 
the owner or a listing of specific items to be corrected in order to obtain acceptance. 
Such notice is rendered immediately upon completion of any part of the work and 
prior to the start of work by other trades that may be supported, attached or applied to 
the structural steelwork. 

7.12. Correction of Errors 

Normal erection operations include the correction of minor misfits by moderate 
amounts of reaming, chipping, welding or cutting, and the drawing of elements into 
line through the use of drift pins. Errors which cannot be corrected by the foregoing 
means or which require major changes in member configuration are reported im- 
mediately to the owner and fabricator by the erector, to enable whoever is responsible 
either to correct the error or to approve the most efficient and economic method of 
correction to be used by others. 

7.13. Cuts, Alterations an 

Neither the fabricator nor the erector will cut, drill or otherwise alter his work, or 
the work of other trades, to accommodate other trades, unless such work is clearly 
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specified in the contract documents. henever such work is specified, the owner is 
responsible for furnishing complete information as to materials, size, location and 
number of alterations prior to preparation of shop drawings. 

7.14. Handling an 

The erector takes reasonable care in the proper handling and storage of steel 
during erection operations to avoid accumulation of unnecessary dirt and foreign 
matter. The erector is not responsible for removal from the steel of dust, dirt or other 
foreign matter which accumulates during the erection period as the result of exposure 
to the elements. 

7.15. Field Painting 

The erector does not paint field bolt heads and nuts, field rivet heads and field 
welds, nor touch up abrasions of the shop coat, nor perform any other field painting. 

7.15 Final Cleaning Up 

Upon completion of erection and before final acceptance, the erector removes all 
of his falsework, rubbish and temporary buildings. 

SECTION 8. QUALITY CONTROL 

8.1. General 

1 The fabricator maintains a quality control program to the extent deemed 
necessary so that the work is performed in accordance with this Code, the AISC 
Specification and contract documents. The fabricator has the option to use the AISC 
Quality Certification Program in establishing and administering the quality control 
program. 

8.1.2. The erector maintains a quality control program to the extent the erector 
deems necessary so that all of the work is performed in accordance with this Code, the 
AISC Specification and the contract documents. The erector shall be capable of 
performing the erection of the structural steel, and shall provide the equipment, 
personnel and management for the scope, magnitude and required quality of each 
project. 

8.1.3. When the owner requires more extensive quality control or independent 
inspection by qualified personnel, or requires the fabricator to be certified by the AISC 
Quality Certification Program, this shall be clearly stated in the contract documents, 
including a definition of the scope of such inspection. 

8.2. Mill Material Inspection 

The fabricator customarily makes a visual inspection, but does not perform any 
material tests, depending upon mill reports to signify that the mill product satisfies 
material order requirements. The owner relies on mill tests required by contract and 
on such additional tests as he orders the fabricator to have made at the owner's 
expense. If mill inspection operations are to be monitored, or if tests other than mill 
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tests are desired, the owner so specifies in the contract documents and should arrange 
for such testing through the fabricator to assure coordination. 

8.3. Non-destructive Testing 

When non-destructive testing is required, the process, extent, technique and 
standards of acceptance are clearly defined in the contract documents. 

Shop Painting Inspection 

Surface preparation and shop painting inspection must be planned for acceptance 
of each operation as completed by the fabricator. Inspection of the paint system, 
including material and thickness, is made promptly upon completion of the paint 
application. When wet film thickness is inspected, it must be measured immediately 
after application. 

ependent Inspection 

When contract documents specify inspection by other than the fabricator's and 
erector's own personnel, both parties to the contract incur obligations relative to the 
performance of the inspection. 

8.5.1. The fabricator and erector provide the inspector with access to all places 
where work is being done. A minimum of 24 hours notification is given prior to 
commencement of work. 

8.5.2. Inspection of shop work by the owner or his representative is performed in 
the fabricator's shop to the fullest extent possible. Such inspections should be in 
sequence, timely, and performed in such a manner as to minimize disruptions in 
operations and to permit the repair of all non-conforming work while the material is in 
process in the fabricating shop. 

8.5.3. Inspection of field work is completed promptly, so that corrections can be 
made without delaying the progress of the work. 

. Rejection of material or workmanship not in conformance with the contract 
documents may be made at any time during the progress of the work. However, this 
provision does not relieve the owner of his obligation for timely, in-sequence inspec- 
tions. 

8.5.5. The fabricator and erector receive copies of all reports prepared by the 
owner's inspection representative. 

9.1. Types o f  Contracts 

9.1.1. For contracts stipulating a lump sum price, the work required to be per- 
formed by the fabricator and erector is completely defined by the contract documents. 

9.11.2. For contracts stipulating a price per pound, the scope of work, type of 
materials, character of fabrication, and conditions of erection are based upon the 
contract documents which must be representative of the work to be performed. 
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. For contracts stipulating a price per item, the work required to be per- 
formed by the fabricator and erector is based upon the quantity and the character of 
items described in the contract documents. 

9.1.4. For contracts stipulating unit prices for various categories of structural 
steel, the scope of the work required to be performed by the fabricator and erector is 
based upon the quantity, character and complexity of the items in each category as 
described in the contract documents. The contract documents must be representative 
of the work to be done in each category. 

9.2. Calculation of Weights 

Unless otherwise set forth in the contract, on contracts stipulating a price per 
pound for fabricated structural steel delivered andlor erected, the quantities of 
materials for payment are determined by the calculation of gross weight of materials as 
shown on the shop drawings. 

9.2.1. The unit weight of steel is assumed to be 490 pounds per cubic foot. The unit 
weight of other materials is in accordance with the manufacturer's published data for 
the specific product. 

9.2.2. The weights of shapes, plates, bars, steel pipe and structural tubing are 
calculated on the basis of shop drawings showing actual quantities and dimensions of 
material furnished, as follows: 

(a) The weight of all structural shapes, steel pipe and structural tubing is calcu- 
lated using the nominal weight per foot and the detailed overall length. 

(b) The weight of plates and bars is calculated using the detailed overall rectangu- 
lar dimensions. 

(c) When parts can be economically cut in multiples from material of larger 
dimensions, the weight is calculated on the basis of the theoretical rectangular 
dimensions of the material from which the parts are cut. 

(d) When parts are cut from structural shapes, leaving a non-standard section not 
useable on the same contract, the weight is calculated on the basis of the 
nominal unit weight of the section from which the parts are cut. 

(e) No deductions are to be made for material removed by cuts, copes, clips, 
blocks, drilling, punching, boring, slot milling, planing or weld joint prepara- 
tion. 

9.2.3. The calculated weights of castings are determined from the shop drawings 
of the pieces. An allowance of 10 percent is added for fillets and overrun. Scale weights 
of rough castings may be used if available. 

9.2.4. The items for which weights are shown in tables in the AISC Manual of Steel 
Construction are calculated on the basis of tabulated unit weights. 

9.2.5. The weight of items not included in the tables in the AISC Manual of Steel 
Construction shall be taken from the manufacturers' catalog and the manufacturers' 
shipping weight shall be used. 

9.2.6. The weight of shop or field weld metal and protective coatings is not 
included in the calculated weight for pay purposes. 
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9.3. Revisions to Contract Documents 

. Revisions to the contract are made by the issuance of new documents or the 
reissuance of existing documents. In either case, all revisions are clearly indicated and 
the documents are dated. 

9.3.2. A revision to the requirements of the contract documents are made by 
change orders, extra work orders, or notations on the shop and erection drawings 
when returned upon approval. 

9.3.3. Unless specifically stated to the contrary, the issuance of a revision is 
authorization by the owner to release these documents for construction. 

-1. When the scope of work and responsibilities of the fabricator and erector 
are changed from those previously established by the contract documents, an 
appropriate modification of the contract price is made. In computing the contract price 
adjustment, the fabricator and erector consider the quantity of work added or deleted, 
modifications in the character of the work, and the timeliness of the change with 
respect to the status of material ordering, detailing, fabrication and erection opera- 
tions. 

A.2. Requests for contract price adjustments are presented by the fabricator and 
erector in a timely manner and are accompanied by a description of the change in 
sufficient detail to permit evaluation and timely approval by the owner. 

9.4.3. Price per pound and price per item contracts generally provide for additions 
or deletions to the quantity of work prior to the time work is released for construction. 
Changes to the character of the work, at any time, or additions and/or deletions to the 
quantity of the work after it is released for construction, may require a contract price 
adjustment. 

.5. Scheduling 

9.5.1. The contract documents specify the schedule for the performance of the 
work. This schedule states when the "released for construction" plans will be issued 
and when the job site, foundations, piers and abutments will be ready, free from 
obstructions and accessible to the erector, so that erection can start at the designated 
time and continue without interference or delay caused by the owner or other trades. 

9.5.2. The fabricator and erector have the responsibility to advise the owner, in a 
timely manner, of the effect any revision has on the contract schedule. 

9.5.3. If the fabrication or erection is significantly delayed due to design revisions, 
or  for other reasons which are the owner's responsibility, the fabricator and erector are 
compensated for additional costs incurred. 

ent. The terms of payment for the contract shall be outlined in 
the contract documents. 
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This section of the Code defines additional requirements which apply only to 
members specifically designated by the contract documents as "Architecturally Ex- 
posed Structural Steel" (AESS). All provisions of Sects. 1 through 9 of the Code apply 
unless specifically modified in this section. AESS members or components are fabri- 
cated and erected with the care and dimensional tolerances indicated in this section. 

dditional Information Re uired in Contract Documents 

(a) Specific identification of members or components which are to be AESS. 
) Fabrication and erection tolerances which are more restrictive than provided 

for in this section. 
(c) Requirements, if any, of a test panel or components for inspection and 

acceptance standards prior to the start of fabrication. 

Permissible tolerances for out-of-square or out-of-parallel, depth, width and 
symmetry of rolled shapes are as specified in ASTM Specification A6. No attempt to 
match abutting cross-sectional configurations is made unless specifically required by 
the contract documents. The as-fabricated straightness tolerances of members are 
one-half of the standard camber and sweep tolerances in ASTM A6. 

The tolerances on overall profile dimensions of members made up from a series of 
plates, bars and shapes by welding are limited to the accumulation of permissible 
tolerances of the component parts as provided by ASTM Specification A6. The 
as-fabricated straightness tolerances for the member as a whole are one-half the 
standard camber and sweep tolerances for rolled shapes in ASTM A6. 

10.3.3. Weld Show-through 

It is recognized that the degree of weld show-through, which is any visual 
indication of the presence of a weld or welds on the side away from the viewer, is a 
function of weld size and material thickness. The members or components will be 
acceptable as produced unless specific acceptance criteria for weld show-through are 
included in the contract documents. 

10.3.4. Joints 

All copes, miters and butt cuts in surfaces exposed to view are made with uniform 
gaps of %-inch if shown to be open joints, or in reasonable contact if shown without 
gap- 

10.3.5. Welding 

Reasonably smooth and uniform as-welded surfaces are acceptable on all welds 
exposed to view. Butt and plug welds do not project more than %6-inch-above the 
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exposed surface. No finishing or grinding is required except where clearances or fit of 
other components may necessitate, or when specifically required by the contract 
documents. 

10.3.6. Weathering Steel 

Members fabricated of weathering steel which are to be AESS shall not have 
erection marks or other painted marks on surfaces that are to be exposed in the 
completed structure. If cleaning other than SSPC-SP6 is required, these requirements 
shall be defined in the contract documents. 

10.4. Delivery of Materials 

The fabricator uses special care to avoid bending, twisting or otherwise distorting 
individual members. 

10.5 Erection 

10.5.1. General 

The erector uses special care in unloading, handling and erecting the steel to avoid 
marking or distorting the steel members. Care is also taken to minimize damage to any 
shop paint. If temporary braces or erection clips are used, care is taken to avoid 
unsightly surfaces upon removal. Tack welds are ground smooth and holes are filled 
with weld metal or body solder and smoothed by grinding or filing. The erector plans 
and executes all operations in such a manner that the close fit and neat appearance of 
the structure will not be impaired. 

10.5.2. Erection Tolerances 

Unless otherwise specifically designated in the contract documents, members and 
components are plumbed, leveled and aligned to a tolerance not to exceed one-half the 
amount permitted for structural steel. These erection tolerances for AESS require that 
the owner's plans specify adjustable connections between AESS and the structural 
steel frame or the masonry or concrete supports, in order to provide the erector with 
means for adjustment. 

10.5.3. Components with Concrete Backing 

When AESS is backed with concrete, it is the general contractor's responsibility 
to provide sufficient shores, ties and strongbacks to assure against sagging, bulging, 
etc., of the AESS resulting from the weight and pressure of the wet concrete. 







This Commentary has been prepared to assist those who use the Code of Standard 
Practice in understanding the background, basis and intent of its provisions. 

Each section in the Commentary is referenced to the corresponding section or 
subsection in the Code. Not all sections of the Code are discussed; sections are covered 
only if it is believed that additional explanation may be helpful. 

While every precaution has been taken to insure that all data and information 
presented is as accurate as possible, the Institute cannot assume responsibility for 
errors or oversights in the information published herein or the use of the information 
published or incorporating such information in the preparation of detailed engineering 
plans. The figures are for illustrative purposes only and are not intended to be 
applicable to any actual design. The information should not replace the judgment of an 
experienced architect or engineer who has the responsibility of design for a specific 
structure. 
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ON THE CODE OF STANDARD PRACTICE 
FOR STEEL BUILDINGS AND BRIDGES 

(Adopted Effective September 1, 1986) 

ON 1. GENERA 

1.1. Scope 

This Code is not applicable to metal building systems, which are the subject of 
standards published by the Metal Building Manufacturers Association in their Metal 
Building Systems Manual. AISC has not participated in the development of the 
MBMA code and, therefore, takes no position and is not responsible for any of its 
provisions. 

This Code is not applicable to standard steel joists, which are the subject of 
Recommended Code ofstandard Practice for Steel Joists, published by the Steel Joist 
Institute. AISC has not participated in the development of the SJI code and, there- 
fore, takes no position and is not responsible for any of its provisions. 

SECTION 2. CLASSIFICATION OF MATERIALS 

2.2. Other Steel or Metal Items 

These items include materials which may be supplied by the steel fabricator which 
require coordination between other material suppliers and trades. If they are to be 
supplied by the fabricator, they must be specifically called for and detailed in contract 
documents. 

SECTION 3. PLANS AND SPECIFICATIONS 

3.1. Structural Steel 

Project specifications vary greatly in complexity and completeness. There is a 
benefit to the owner if the specifications leave the contractor reasonable latitude in 
performing his work. However, critical requirements affecting the integrity of the 
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structure or necessary to protect the owner's interest must be covered in the contract 
documents. The following checklist is included for reference: 

Standard codes and specifications governing structural steelwork 
Material specifications 
Mill test reports 
Welded joint configuration 
Weld procedure qualification 
Bolting specifications 
Special requirements for work of other trades 
Runoff tabs 
Surface preparation and shop painting 
Shop inspection 
Field inspection 
Non-destructive testing, including acceptance criteria 
Special requirements on delivery 
Special erection limitations 
Temporary bracing for non-self-supporting structures 
Special fabrication and erection tolerances for AESS 
Special pay weight provisions 

SECTION 4. SNO AND ERECTION DRA 

4.1. Owner's Responsi 

The owner's responsibility for the proper planning of the work and the com- 
munication of all facts of his particular project is a requirement of the Code, not only at 
the time of bidding, but also throughout the term of any project. The contract 
documents, including the plans and specification, are for the purpose of communica- 
tion. It is the owner's responsibility to properly define the scope of work, and to define 
information or items required and outlined in the plans and specifications. When the 
owner releases plans and specifications for construction, the fabricator and erector 
rely on the fact that these are the owner's requirements for his project. 

The Code defines the owner as including a designated representative such as the 
architect, engineer or project manager, and when these representatives direct specific 
action to be taken, they are acting as and for the owner. 

On phased construction projects, to insure the orderly flow of material procure- 
ment, detailing, fabrication and erection activities, it is essential that designs are not 
continuously revised after progressive releases for construction are made. In essence, 
once a portion of a design is released for construction, the essential elements of that 
design should be "frozen" to assure adherence to the construction schedule or all 
parties should reach an understanding on the effects of future changes as they affect 
scheduled deliveries and added costs, if any. 

4.2. Approval 

4.2.1. In those instances where a fabricator develops the detail configuration of 
connections during the preparation of shop drawings, he does not thereby become 
responsible for the design of that part of the overall structure. The Engineer-of- 
Record has the final and total responsibility for the adequacy and safety of a structure, 
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and is the only individual who has all the information necessary to evaluate the total 
impact of the connection details on the structural design. The structural steel fabrica- 
tor is in no position to accept such design responsibility, for two practical reasons: 

(a) The structural steel plans may be released for construction with incomplete or 
preliminary member reaction data, forcing a review by the Engineer at the 
time of approval. 

(b) Few fabricators have engineers registered in all of the states in which they do 
business. 

In practice, the fabricator develops connection details which satisfy two basic 
criteria: 

(a) The connections must be of suitable strength and rigidity to meet the require- 
ments of the design information provided by the engineer-of-record. 

) The detail configuration accommodates the fabricator's shop equipment and 
procedures. 

Since each shop has different equipment and skills, the fabricator is best suited to 
develop connection details which satisfy the second requirement. However, the 
overriding first requirement necessitates acceptance of responsibility and approval by 
the engineer. 

SECTION 5. MATERIALS 

5.1.2. Mill dimensional tolerances are completely set forth as part of ASTM 
Specification A6. Variation in cross section geometry of rolled members must be 
recognized by the designer, the fabricator and erector (see Fig. 1). Such tolerances are 

Actuol section r rThemtical wction 

T + T '  - For sections 12" and under - f "max. For sections over 12" - $" max. 

0 - Actual flange width bf  - Theoretical flange width 
A - Actual depth at Q web d - Theotetical depth 
C - Actual depth overall T a T' - Till of flange 

Fig. I .  Mill tolerances on cross-section dimensions 
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mandatory because roll wear, thermal distortions of the hot cross section immediately 
after leaving the forming rolls, and differential cooling distortions that take place on 
the cooling beds are economically beyond precise control. Absolute perfection of 
cross section geometry is not of structural significance and, if the tolerances are 
recognized and provided for, also not of architectural significance. ASTM A6 also 
stipulates straightness and camber tolerances which are adequate for most conven- 
tional construction; however, these characteristics may be controlled or corrected to 
closer tolerances during the fabrication process when the unique demands of a 
particular project justify the added cost. 

SECTION 6. FABRICATION AND DELIVERY 

6.4. Dimensional Tolerances 

Fabrication tolerances are stipulated in several specification documents, each 
applicable to a special area of construction. Basic fabrication tolerances are stipulated 
in Sects. 6.4 and 10 of the Code and Sect. 1.23.8.1 of the AISC Specification. Other 
specifications and codes frequently incorporated by reference in the contract docu- 
ments are the AWS Structural Welding Code and AASHTO Standard Spec$cations 
for Highway Bridges. 

6.5. Shop Painting 

6.5.2., 6.5.3. The selection of a paint system is a design decision involving many 
factors, including owner's preference, service life of the structure, severity of environ- 
mental exposure, the cost of both initial application and future renewals, and the 
compatibility of the various components comprising the paint system, i.e., surface 
preparation, prime coat and subsequent coats. 

Because inspection of shop painting needs to be concerned with workmanship at 
each stage of the operation, the fabricator provides notice of the schedule of opera- 
tions and affords access to the work site to inspectors. Inspection must be coordinated 
with that schedule in such a way as to avoid delay of the scheduled operations. 

Acceptance of the prepared surface must be made prior to application of the 
prime coat, because the degree of surface preparation cannot be readily verified after 
painting. Also, time delay between surface preparation and application of the prime 
coat can, especially with blast-cleaned surfaces, result in unacceptable deterioration of 
a properly prepared surface, necessitating a repetition of surface preparation. There- 
fore, to avoid potential deterioration of the surface it is assumed that surface prepara- 
tion is accepted unless it is inspected and rejected prior to the scheduled application of 
the prime coat. 

The prime coat in any paint system is designed to maximize the wetting and 
adherence characteristics of the paint, usually at the expense of its weathering capabil- 
ities. Consequently, extended exposure of the prime coat to weather or to a corrosive 
atmosphere will lead to its deterioration and may necessitate repair, possibly including 
repetition of surface preparation and primer application in limited areas. With the 
introduction of high performance paint systems in the recent past, delay in the 
application of the prime coat has become more critical. High performance paint 
systems generally require a greater degree of surface preparation, as well as early 
application of weathering protection for the prime coat. 

Since the fabricator does not control the selection of the paint system, the 
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compatibility of the various components of the total paint system, nor the length of 
exposure of the prime coat, he cannot guarantee the performance of the prime coat or 
any other part of the system. Rather, he performs specific operations to the require- 
ments established in the contract documents. 

Section 6.5.3 stipulates cieaning the steel to the requirements of SSPC-SP2. This 
is not meant as an exclusive cleaning level, but rather that level of surface preparation 
which will be furnished if the steel is to be painted and if the job specifications are silent 
or do not require more stringent surface preparation requirements. 

Further information regarding shop painting is available in A Guide to Shop 
Painting of Structural Steel, published jointly by the Steel Structures Painting Council 
and the American Institute of Steel Construction. 

6.5.5. Extended exposure of unpainted steel which has been cleaned for subse- 
quent fire protection material application can be detrimental to the fabricated prod- 
uct. Most levels of cleaning require the removal of all loose mill scale, but permit some 
amount of "tightly adhering mill scale." When a piece of structural steel which has 
been cleaned to an acceptable level is left exposed to a normal environment, moisture 
can penetrate behind the scale, and some "lifting" of the scale by the oxidation 
products is to be expected. Cleanup of "lifted" mill scale is not the responsibility of the 
fabricator, but is assigned by contract requirement to an appropriate contractor. 

Section 6.5.5 of the Code is not applicable to weathering steel, for which special 
cleaning specifications are always required in the contract documents. 

nstallation of Anc 

. While the general contractor must make every effort to set anchor bolts 
accurately to theoretical drawing dimensions, minor errors may occur. The tolerances 
set forth in this section were compiled from data collected from general contractors 
and erectors. They can be attained by using reasonable care and will ordinarily allow 
the steel to be erected and plumbed to required tolerances. If special conditions 
require closer tolerances, the contractor responsible for setting the anchor bolts 
should be so informed by the contract documents. When anchor bolts are set in 
sleeves, the adjustment provided may be used to satisfy the required anchor bolt 
setting tolerances. 

The tolerances established in this section of the Code have been selected to be 
compatible with oversize holes in base plates, as recommended in the AISC textbook 
Detailing for Steel Construction. 

An anchor bolt group is the set of anchor bolts which receive a single fabricated 
steel shipping piece. 

The established column line is the actual field line most representative of the 
centers of the as-built anchor bolt groups along a line of columns. It must be straight or 
curved as shown on the plans. 

The %-inch tolerance on elevation of bearing devices relative to established 
grades is provided to permit some variation in setting bearing devices and to account 
for attainable accuracy with standard surveying instruments. 
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The use of leveling plates larger than 12 in. x 12 in. is discouraged and grouting is 
recommended with larger sizes. 

7.9.3. Non Self-su 

To rationally provide temporary supports and/or bracing, the erector must be 
informed by the owner of the sequence of installation and the effect of loads imposed 
by such elements at various stages during the sequence until they become effective. 
For example, precast tilt-up slabs or channel slab facia elements which depend upon 
attachment to the steel frame for stability against overturning due to eccentricity of 
their gravity load, may induce significant unbalanced lateral forces on the bare steel 
frame when partially installed. 

7.11. Framing To 

The erection tolerances defined in this section of the Code have been developed 
through long-standing usage as practical criteria for the erection of structural steel. 
Erection tolerances were first defined by AISC in its Code of Standard Practice of 
October, 1924 in Paragraph 7 (f), "Plumbing Up." With the changes that took place in 
the types and use of materials in building construction after World War 11, and the 
increasing demand by architects and owners for more specific tolerances, AISC 
adopted new standards for erection tolerances in Paragraph 7 (h) of the March 15, 
1959 edition of the Code. Experience has proven that those tolerances can be eco- 
nomically obtained. 

The current requirements were first published in the October 1,1972 edition of 
the Code. They provide an expanded set of criteria over earlier Code editions. The 
basic premise that the final accuracy of location of any specific point in a structural steel 
frame results from the combined mill, fabrication and erection tolerances, rather than 
from the erection tolerances alone, remains unchanged in this edition of the Code. 
However, to improve clarity, pertinent standard fabrication tolerances are now stipu- 
lated in Sect. 7.11, rather than by reference to the AHSC Specification as in previous 
editions. Additionally, expanded coverage has been given to definition of working 
points and working lines governing measurements of the actual steel location. Illustra- 
tions for defining and applying the applicable Code tolerances are provided in this 
Commentary. 

The recent trend in building work is away from built-in-place construction where- 
in compatibility of the frame and the facade or other collateral materials is automati- 
cally provided for by the routine procedures of the crafts. Building construction today 
frequently incorporates prefabricated components wherein large units are developed 
with machine-like precision to dimensions that are theoretically correct for a perfectly 
aligned steel frame with ideal member cross sections. This type of construction has 
made the magnitude of the tolerances allowed for structural steel building frames 
increasingly of concern to owners, architects and engineers. This has led to the 
inclusion in job specifications of unrealistically small tolerances, which indicate a 
general lack of recognition of the effects of the accumulation of dead load, tempera- 
ture effects and mill, fabrication and erection tolerances. Such tolerances are not 
economically feasible and do not measurably increase the structure's functional value. 
This edition of the Code incorporates tolerances previously found to be practical and 
presents them in a precise and clear manner. Actual application methods have been 
considered and the application of the tolerance limitations to the actual structure 
defined. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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The limitations described in Sect. 7.11.3.1 and illustrated in Figs. 2 and 3 make it 
possible to maintain built-in-place or prefabricated facades in a true vertical plane up 
to the 20th story, if connections which provide for 3-in. adjustment are used. Above 
the 20th story, the facade may be maintained within ?&inch per story with a maximum 
total deviation of 1 in. from a true vertical plane, if the 3-in. adjustment is provided. 

Section 7.11.3.1(c) limits the position of exterior column working points at any 
given splice elevation to a narrow horizontal envelope parallel to the building line (see 
Fig. 4). This envelope is limited to a width of 1?h in., normal to the building line, in up 
to 300 ft of building length. The horizontal location of this envelope is not necessarily 
directly above or below the corresponding envelope at the adjacent splice elevations, 
but should be within the limitation of the 1500 allowable tolerance inplumbness of the 
controlling columns (see Fig. 3). 

Connections permitting adjustments of plus 2 in. to minus 3 in. (5 in. total) will be 
necessary in cases where the architect or owner insists upon attempting to construct 
the facade to a true vertical plane above the 20th story. 

Usually there is a differential shortening of the internal versus the external 
columns during construction, due to non-uniform rate of accumulation of dead load 
stresses (see Fig. 5). The amount of such differential shortening is indeterminate 
because it varies dependent upon construction sequence from day to day as the 
construction progresses, and does not reach its maximum shortening until the building 
is in service. When floor concrete is placed while columns are supporting different 
percentages of their full design loads, the floor must be finished to slopes established 
by measurements from the tops of beams at column connections. The effects of 
differential shortening, plus mill camber and deflections, all become very important 
when there is little cover over the steel, when there are electrical fittings mounted on 

For enclosures or attachments whlch For enclosures or attachments whlch 
may follow column al~gnment must be held to preclse plan location 

L = Actwl c to c columns = Plan dimenston t column 
cross section toleronce ? beam length toleronce 

Ta = Plumbness tolerance oway from building line ( v a r ~ e s ,  see Fig. 3 )  

Tt = Plurnbness tolerance toward buildlng lme ( v a r ~ e s ,  see Flg 3 )  

Tp = Plumbness tolerance porollel to buildmg line ( = T o )  

Fig. 2. Clearance required to accommodate accumulated column tolerances 
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Envelope with~n which all 
working points must fall. 

Splice 

Brace 
Point 

Maximum out-of- plumb of 
d individual shipping piece as 

defined bv straight line . 

Point Braed 4 

. - 
yIA between working points 5 & 

Maximum w t  -of -straightness 
between braced points L 
where L IS distance 'OoO 

Splice 

Braced 
Point 

Individual column sections within 
envelope defmed at left. 

cdumn 

Tolerance on location 
of W. F! ot bose 

line 

NOTE: The plumb line thru the base working point for an individual column 
is not necessarily the precise plan locat~on because Sect. 7.11.3.1 deals only 
with plumbness tolerance and does not include inaccuracies in location 
of established column line, foundations and anchor bolts beyond .the 
erector's control. 

Fig. 3. Exterior column plumbness tolerances normal to building line 

Bu~ldmg Ltne 
-- -L-. . . 

Established - 
Column Lmes I 

I I 

I '  Maximum envelope for working points of all columns at any given elevation 
E = lt" for up to 300' of length; over 300' add 3" for each 100' of length with 3" max total 

I Column plumbness tolerance - See F~gs.  2 and 3 

+$+ - lnd~cotes column working points. 

At any splice elevation, envelope "EN is located within the limits To and Tt. 
At any spl~ce elevation, envelope "E" may be located offset from the 

corresponding envelope a t  the adjacent splice elevations, above and 
below, by an amount not greater than L of the column length. 

5 0 0  

Fig. 4. Tolerances in plan at any splice elevation of exterior coludm 
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Splice elevation shown on plan 1 I 

On a particular date during the erection 
of structural steel ond placement of 
other material. (floor concrete, facade 
etc.) the mter~or columns will be 
carrying a higher percentage of thew 
final loads than the extertor columns 
Therefore, for equal design unit 
stresses, the actual stress on that 
date f w  interior columns w~l l  be 
greater than the actual stresses on 
exterior columns 
When all dead loads have been 
applied, stresses and shortening In 
all columns will be approximately equal. 

Fig. 5. Effect of differential column shortening 

the steel flooring whose tops are supposed to be flush with the finished floor, when 
there is small clearance between bottom of beams and top of door frames, etc., and 
when there is little clearance around ductwork. To finish floors to precise level plane, 
for example by the use of laser leveling techniques, can result in significant differential 
floor thicknesses, different increases above design dead loads for individual columns 
and, thus, permanent differential column shortening and out-of-level completed 
floors. 

Similar considerations make it infeasible to attempt to set the elevation of a given 
floor in a multistory building by reference to a bench mark at the base of the structure. 
Columns are fabricated to a length tolerance of plus or minus %-inch while under a 
zero state of stress. As dead loads accumulate, the column shortening which takes 
place is negligible within individual stories and in low buildings, but will accumulate to 
significant magnitude in tall buildings; thus, the upper floors of tall buildings will be 
excessively thick and the lower floors will be below the initial finish elevation if floor 
elevations are established relative to a ground level bench mark. 

If foundations and base plates are accurately set to grade and the lengths of 
individual column sections are checked for accuracy prior to erection, and if floor 
elevations are established by reference to the elevation of the top of beams, the effect 
of column shortening due to dead load will be minimized. 

Since a long unencased steel frame will expand or contract %-in. per 100 feet for 
each change of 15°F in temperature, and since the change in length can be assumed to 
act about the center of rigidity, the end columns anchored to foundations will be plumb 
only when the steel is at normal temperature (see Fig. 6). It is, therefore, necessary to 
correct field measurements of offsets to the structure from established baselines for the 
expansion or contraction of the exposed steel frame. For example, a building 200-ft 
long that is plumbed up at 100°F should have working points at the tops of end columns 
positioned %-inch out from the working point at the base in order for the column to be 
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When plumbmg end columns, apply temperature 
odjustment .ot rate 6" per 100' of length from 
center of rigidity per each 15OF of difference 
between erection and working temperatures. 

Length Lsngjh - 
C. to C. adjacent columns subject to , Center of rigidit; 
mill and fabrication toleronce 

Fig. 6. Tolerances in plan location of columns 

D = Tolerances required by mfgr 

Provide connections 
with slotted holes and /w 
shims to accommodate 

Column dimension + 
tolerances 

tolerances 

If fasc~a joints are set from nearest column 
finish line, allow t t D ' f o r  vertical adjustment. 
Owners plans for fascia details must allow 
for progressive shortening of steel columns. 

Fig. 7. Clearance required to accommodate fascia 

plumb at 60°F. Differential temperature effects on column length should also be taken 
into account in plumbing surveys when tall steel frames are subject to strong sun 
exposure on one side. 

The alignment of lintels, spandrels, wall supports and similar members used to 
connect other building construction units to the steel frame should have an adjustment 
of sufficient magnitude to allow for the accumulative effect of mill, fabrication and 
erection tolerances on the erected steel frame (see Fig. 7). 

7.11.3.2. Alignment Tolerance for 

The angular misalignment of the working line of all fabricated shipping pieces 
relative to the line between support points of the member as a whole in erected 
position must not exceed 1 in 500. Note that the tolerance is not stated in terms of a 
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=#- Support Points 

@ Field Splices 

Fig. 8. Alignment tolerances for members with field splices 

linear displacement at any point and is not to be taken as the overall length between 
supports divided by 500. Typical examples are shown in Fig. 8. Numerous conditions 
within tolerance for these and other cases are possible. This condition applies to both 
plan and elevation tolerances. 

7.11.4. Responsibility for Clearances 

In spite of all efforts to minimize inaccuracies, deviations will still exist; therefore, 
in addition, the designs of prefabricated wall panels, partition panels, fenestrations, 
floor-to-ceiling door frames and similar elements must provide for clearance and 
details for adjustment, as described in Sect. 7.11.4. Designs must provide for adjust- 
ment in the vertical dimension of prefabricated facade panels supported by the steel 
frame, because the accumulation of shortening of stressed steel columns will result in 
the unstressed facade supported at each floor level being higher than the steel frame 
connections to which it must attach. Observations in the field have shown that where a 
heavy facade is erected to a greater height on one side of a multistory building than on 
the other, the steel framing will be pulled out of alignment. Facades should be erected 
at a relatively uniform rate around the perimeter of the structure. 

ION 8. QUALITY CONTROL 

8.1.1. The AISC Quality Certification Program confirms to the construction in- 
dustry that a certified structural steel fabricating plant has the capability by reason of 
commitment, personnel, organization, experience, procedures, knowledge and 
equipment to produce fabricated structural steel of the required quality for a given 
category of structural steelwork. The AISC Quality Certification Program is not 
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intended to involve inspection andlor judgement of product quality on individual 
projects. Neither is it intended to guarantee the quality of specific fabricated steel 
products. 

9.2. Calculation o f  

The standard procedure for calculation of weights that is described in the Code 
meets the need for a universally acceptable system for defining "pay weights" in 
contracts based on the weight of delivered and/or erected materials. This procedure 
permits owners to easily and accurately evaluate price per pound proposals from 
potential suppliers and enables both parties to a contract to have a clear understanding 
of the basis for payment. 

The Code procedure affords a simple, readily understood method of calculation 
which will produce pay weights which are consistent throughout the industry and 
which may be easily verified by the owner. While this procedure does not produce 
actual weights, it can be used by purchasers and suppliers to define a widely accepted 
basis for bidding and contracting for structural steel. I-Iowever, any other system can 
be used as the basis for a contractual agreement. When other systems are used, both 
supplier and purchaser should clearly understand how the alternate procedure is 
handled. 

9.3. Revisions to Contract Docu 

9.3.1. Revisions to the contract are proposed by the issuance of new documents or 
the re-issuance of existing documents. Individual revisions are noted where they occur 
and documents are dated with latest issue date and reasons for issuing are identified. 

9.3.2. Revisions to the contract are also proposed by change order, extra work 
order or notations on the shop and erection drawings when returned from approval. 
However, revisions proposed in this manner are incorporated subsequently as revi- 
sions to the plans and/or specifications and re-issued in accordance with Article 9.3.1. 

9.3.3. Unless specifically stated to the contrary in the contract documents, the 
issuance of revisions authorizes the fabricator and erector to incorporate the revisions 
in the work. This authorization obligates the owner to pay the fabricator and erector 
for costs associated with changed and/or additional work. 

When authorization for revisions is not granted to the fabricator and erector by 
issuance of new or revised documents, revisions affecting contract price and/or 
schedule are only incorporated by issuance of (1) change order, (2) extra work order, 
or (3) other documents expressing the agreement of all contract parties to such 
revisions. The fabricator and erector must promptly notify the owner of the effect and 
cost of proposed revisions to contract price and schedule, enabling orderly progress of 
the work. 

9.6. Terms of Pay 

These terms include such items as progress payments for material, fabrication, 
erection, retainage, performance and payment bonds and final payment. If a perform- 
ance or payment bond, paid for by the owner, is required by contract, then no 
retainage shall be required. 
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SECTION 10. ARCHIT 
STRUCT 

The rapidly increasing use of exposed structural steel as a medium of architectural 
expression has given rise to a demand for closer dimensional tolerances and smoother 
finished surfaces than required for ordinary structural steel framing. 

This section of the Code establishes standards for these requirements which take 
into account both the desired finished appearance and the abilities of the fabrication 
shop to produce the desired product. These requirements were previously contained 
in the AISC Specz$cation forArchitecturally Exposed Structural Steel which Architects 
and Engineers have specified in the past. It should be pointed out that the term 
"Architecturally Exposed Structural Steel" (AESS), as covered in this section, must 
be specified in the contract documents if the fabricator is required to meet the 
fabricating standards of Sect. 10, and applies only to that portion of the structural steel 
so identified. In order to avoid misunderstandings and to hold costs to a minimum, 
only those steel surfaces and connections which will remain exposed and subject to 
normal view by pedestrians or occupants of the completed structure should be desig- 
nated AESS. 
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he purpose ofthe Research Council on Structural Connections is to stimulate and 
support such investigation as may be deemed necessary and valuable to determine the 
suitability and capacity of various types of structural connections, to promote the 
knowledge of economical and efficient practices relating to such structural connec- 
tions, and to prepare and publish related standards and such other documents as nec- 
essary to achieving its purpose. 

The Council membership consists of qualified structural engineers from the aca- 
demic and research institutions, practicing design engineers, suppliers and manufac- 
turers of threaded fasteners, fabricators and erectors and code writing authorities. 
Each version of the Specification is based upon deliberations and letter ballot of the 
full Council membership. 

The first Specification for Assembly of Structural Joints Using High Tensile Steel 
Bolts approved by the Council was published in January 195 1. Since that time the 
Council has published 11 succeeding editions each based upon past successful usage, 
advances in the state of knowledge and changes in engineering design practice. This 
twelfth version of the Council's Allowable Stress Design Specification is signifi- 
cantly reorganized and revised from earlier versions. 

The intention of the Specifications is to cover the design criteria and normal 
usage and practices involved in the everyday use of high-strength bolts in steel-to- 
steel structural connections. It is not intended to cover the full range of structural con- 
nections using threaded fasteners nor the use of high-strength bolts other than those 
included in ASTM A325 or ASTM A490 Specifications nor the use of ASTM A325 
or A490 Bolts in connections with material other than steel within the grip. 

A Commentary has been prepared to accompany these Specifications to provide 
background and aid the user to better understand and apply the provisions. 

The user is cautioned that independent professional judgement must be exercised 
when data or recommendations set forth in these Specifications are applied. The 
design and the proper installation and inspection of bolts in structural connections is 
within the scope of expertise of a competent licensed architect, structural engineer or 
other licensed professional for the application of the principles to a particular case. 
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AL RESS DESIGN 

Approved by Research Council on Structural Connections of the 

Engineering Foundation, November 13, 1985. 

Endorsed by American Institute of Steel Construction 

Endorsed by Industrial Fasteners Institute 

1 .  Scope 

This Specification relates to the allowable stress design for strength and slip resist- 
ance of structural joints using ASTM A325 high-strength bolts, ASTM A490 heat 
treated high-strength bolts or equivalent fasteners, and for the installation of such 
bolts in connections of structural steel members. The Specification relates only to 
those aspects of the connected materials that bear upon the performance of the 
fasteners. 

Construction shall conform to an applicable code or specification for structures 
of carbon, high strength low alloy steel or quenched and tempered structural steel. 

The attached Commentary provides background information in order that the 
user may better understand the provisions of the Specification. 

2. Bolts, Nuts, Washers and Paint 

(a) Bolt Specifications. Bolts shall conform to the requirements of the cur- 
rent edition of the Specifications of the American Society for Testing and 
Materials for High-strength Bolts for Structural Steel Joints, ASTM A325, 
or Heat Treated Steel Structural Bolts, 150 ksi Minimum Tensile Strength, 
ASTM A490, except as provided in paragraph (dj of this section. The 
designer shall specify the type of bolts to be used. 

(b) Bolt Geometry. Bolt dimensions shall conform to the current require- 
ments of the American National Standards Institute for Heavy Hex Struc- 
tural Bolts, ANSI Standard B 18.2.1, except as provided in paragraph (d) of 
this section. The length of bolts shall be such that the end of the bolt will be 
flush with or outside the face of the nut when properly installed. 
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Nut Specifications. Nuts shall conform to the current chemical and 
mechanical requirements of the American Society for Testing and Materi- 
als Standard Specification for Carbon and Alloy Steel Nuts, ASTM A563 
or Standard Specification for Carbon and Alloy Steel Nuts for Bolts for 
High Pressure and High Temperatures Service, ASTM A194. The grade 
and surface finish of nuts for each type shall be as follows: 

A325 Bolt Type ecification, Grade and Finish 

1 and 2, plain (uncoated) A563 C, C3, D, DH, and D3 or A194 2 
and 2H; plain 

1 and 2, galvanized A563 DH or A 194 2H; galvanized 
3 plain A563 C3 and DH3 

Nut Specification, Grade and Finish 

1 and 2 ,  plain A563 DH and DH3 or A 194 2H; plain 
3 plain A563 DH3 

Nut dimensions shall conform to the current requirements of the American 
National Standards Institute for Heavy Hex Nuts, ANSI Standard B 18.2.2., 
except as provided in paragraph (d) of this section. 

Alternate Fastener Designs. Other fasteners or fastener asseiublies 
which meet the materials, manufacturing and chemical composition 
requirements of ASTM Specification A325 or A490 and which meet the 
mechanical property requirements of the same specifications in full-size 
tests, and which have a body diameter and bearing areas under the head and 
nut not less than those provided by a bolt and nut of the same nominal 
dimensions prescribed by paragraphs 2(b) and 2(c), may be used subject to 
the approval of the responsible Engineer. Such alternate fasteners may dif- 
fer in other dimensions from those of the specified bolts and nuts. Their 
installation procedure and inspection may differ from procedures specified 
for regular high-strength bolts in Sections 8 and 9. When a different instal- 
lation procedure or inspection is used, it shall be detailed in a supplemental 
specification applying to the alternate fastener and that specification must 
be approved by the engineer responsible for the design of the structure. 

Washers. Flat circular washers and square or rectangular beveled wash- 
ers shall conform to the current requirements of the American Society for 
Testing and Materials Standard Specification for Hardened Steel Washers, 
ASTM F436. 

Load Indicating Devices. Load indicating devices may be used in con- 
junction with bolts, nuts and washers specified in 2(a) through 2(e) pro- 
vided they satisfy the requirements of 8(d)(4). Their installation procedure 
and inspection shall be detailed in supplemental specifications provided by 
the manufacturer and subject to the approval of the engineer responsible for 
the design of the structure. 
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(g) Faying Surface Coatings. Paint, if used on faying surfaces of connec- 
tions which are not specified to be slip critical, may be of any formulation. 
Paint, used on the faying surfaces of connections specified to be slip criti- 
cal, shall be qualified by test in accordance with Test Method to Determine 
the Slip Coefficient for Coatings Used in Bolted Joints as adopted by the 
Research Council on Structural Connections, see Appendix A. Manufac- 
turer's certification shall include a certified copy of the test report. 

aterial. All material within the grip of the bolt shall be 
steel. There shall be no compressible material such as gaskets or insulation 
within the grip. Bolted steel parts shall fit solidly together after the bolts are 
tightened, and may be coated or noncoated. The slope of the surfaces of 
parts in contact with the bolt head or nut shall not exceed 1 :20 with respect 
to a plane normal to the bolt axis. 

(b) Surface Conditions. When assembled, all joint surfaces, including sur- 
faces adjacent to the bolt head and nut, shall be free of scale, except tight 
mill scale, and shall be free of dirt or other foreign material. Burrs that 
would prcvent solid seating of the connected parts in the snug tight condi- 
tion shall be removed. 

Paint is permitted on the faying surfaces unconditionally in connec- 
tions except in slip critical connections as defined in Section S(a). 

The faying surfaces of slip critical connections shall meet the require- 
ments of the following paragraphs, as applicable. 

(1) In noncoated joints, paint, including any inadvertent overspray, 
shall be excluded from areas closer than one bolt diameter but not less 
than one inch from the edge of any hole and all areas within bolt 
pattern. 

(2) Joints specified to have painted faying surfaces shall be blast 
cleaned and coated with a paint which has been qualified as class A or 
B in accordance with the requirements of paragraph 2(g), except as 
provided in 3(b)(3). 

(3) Subject to the approval of the Engineer, coatings providing a slip 
coefficient less than 0.33 may be used provided the mean slip coeffi- 
cient is established by test in accordance with the requirements of para- 
graph 2(g), and the allowable slip load per unit area established. The 
allowable slip load per unit area shall be taken as equal to the allowable 
slip load per unit area from Table 3 for Class A coatings as appropriate 
for the hole type and bolt type times the slip coefficient determined by 
test divided by 0.33. 

(4) Coated joints shall not be assembled before the coatings have 
cured for the minimum time used in the qualifying test. 

(5) Galvanized faying surfaces shall be hot dip galvanized in accord- 
ance with ASTM Specification A123 and shall be roughened by means 
of hand wire brushing. Power wire brushing is not permitted. 
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(c) Hole Types. Hole types recognized under this specification are standard 
holes, oversize holes, short slotted holes and long slotted holes. The nomi- 
nal dimensions for each type hole shall be not greater than those shown in 
Table 1. Holes not more than '132 inch larger in diameter than ihe true deci- 
mal equivalent of the nominal diameter that may result from a drill or 
reamer of the nominal diameter are considered acceptable. The slightly 
conical hole that naturally results from punching operations is considered 
acceptable. The width of slotted holes which are produced by flame cutting 
or a combination of drilling or punching and flame cutting shall generally 
be not more than inch greater than the nominal width except that gouges 
not more than '116 inch deep shall be permitted. For statically loaded con- 
nections, the flame cut surface need not be ground. For dynamically loaded 
connections, the flame cut surface shall be ground smooth. 

ble 1.. Nominal Hole Dimensions 

Bolt 
Dia. Standard 

(Dia.) 

Hole Dimensions - 
Oversize 

(Dia.) 1 (Wi%?~$~th) 
Long Slot 

(Width x Length) 

4. Design for Strengt of Bolted Connections 

(a) Allowable Strength. The allowable working stress in shear and bearing, 
independent of the method of tightening, for A325 and A490 bolts is given 
in Table 2. Also given in Table 2 is.the allowable working stress in axial ten- 
sion for A325 and A490 bolts which are tightened to the minimum fastener 
tension specified in Table 4. The allowable working stresses in Table 2 are 
to be used in conjunction with the cross sectional area of the bolt corres- 
ponding to the nominal diameter. 

(b) Bearing Force. The computed bearing force shall be assumed to be dis- 
tributed over an area-equal to the nominal bolt diameter times the thickness 
of the connected part. 

A value of allowable bearing pressure on the connected material at a 
bolt grcatcr than permitted by Table 2 can be justified provided deforma- 
tion around the bolt hole is not a design consideration and adequate pitch 
and end distance L is provided according to: 
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Table 2. Allowable Working Stsessa on Fasteners or 

Load Condition 

Applied Static Tension b!c. 
Shear  on  bolt with threads in shear  plane. 
Shear  on  bolt without threads in shear  plane. 

Bearing on connected material with single bolt in line 
of force in a standard or short slotted hole. 

Bearing on  connected material with 2 or more bolts in 
line of force in standard or short slotted holes. I Bearing on connected material in long slotted holes. I 

I I 

aukmate  failure load divided by factor of safety. 
b ~ o l t s  must be tensioned to requirements of Table 4. 
5 e e  4 (d) for bolts subject to tensile fatigue. 
*1n connections transmitting axial force whose length between extreme fasteners measured parallel to 
the line of force exceeds 50 inches, tabulated values shall be reduced 20 percent. 
EF, = specified minimum tensile strength of connected part. 
f~onnections using high strength bolts in slotted holes with the load applied in a direction other than 
approximately normal (between 80 and 100 degrees) to the axis of the hole and connections with bolts 
in oversize holes shall be designed for resistance against slip at working load in accordance with Sec- 
tion 5 .  
gTabulated values apply when the distance L parallel to the line of force from the center of the bolt to 
the edge of the connected part is not less than 1 'irdand the distance from the center of a bolt to the cen- 
ter of an adjacent bolt is not less than 3d. When either of these conditions is not satisfied, the distance L 
requirement of 4(b) determines allowable bearing stress. See Commentary. 
hExcept as may be justified under provision 4(b). 

Where 
d = bolt diameter 
Fp = allowable bearing pressure at a bolt 
F, = specified minimum tensile strength of connected part 

Prying Action. The force in bolts required to support loads by means of 
direct tension shall be calculated considering the effects of the external load 
and any tension resulting from prying action produced by deformation of 
the connected parts. 

Tensile Fatigue. When subject to tensile fatigue loading, the tensile stress 
in the bolt due to the combined applied load and prying forces shall not 
exceed the following values dependent upon the bolt grade and number of 
cycles, and the prying force shall not exceed 60 percent of the externally 
applied load. 

Number of Cycles A325 A490 

Not more than 20,000 44 54 
From 20,000 to 500,000 40 49 
More than 500,000 3 1 38 

olts must be tensioned to requirements of Table 4. 
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5. Design Check for 

(a) Slip-Critical oints. Slip-critical joints are defined as joints in which slip 
would be detrimental to the serviceability of the structure. They include: 

(1) Joints subject to fatigue loading. 

(2) Joints with bolts installed in oversized holes. 

(3) Except where the Engineer intends otherwise and so indicates in 
the contract documents, joints with bolts installed in slotted holes 
where the force on the joint is in a direction other than normal (between 
approximately 80 and 100 degrees) to the axis of the slot. 

(4) Joints subject to significant load reversal. 

( 5 )  Joints in which welds and bolts share in transmitting load at a 
common faying surface. See Commentary. 

(6) Joints in which, in the judgement of the Engineer, any slip would 
be critical to the performance of the joint or the structure and so desig- 
nated on the contract plans and specifications. 

(b) Allowable Slip Load. In addition to the requirements of Section 4, the 
force on a slip-critical joint shall not exceed the allowable resistance (P,)  of 
the connection (See Commentary) according to: 

Where 
F, = allowable slip load per unit area of bolt from Table 3 
Ah = area corresponding to the nominal body area of the bolt 
Nb = number of bolts in the joint 
N, = number of slip planes 

Class A, B or C surface conditions of the bolted parts as defined in Table 
3 shall be used in joints designated as slip-critical except as permitted in 
3(b)(3). 

6. Increase in Allowable Stresses 

When the applicable code or specification for design of connected members per- 
mits an increase in working stress for loads in combination with wind or seismic 
forces, the permitted increases in working stresses may be applied with wind or 
seismic forces, the permitted increases in working stresses may be applied to the 
allowable stresses in Sections 4 and 5. When the effect of loads in combination 
with wind or seismic forces are accounted for by reduction in the load factors, the 
allowable stresses in Sections 4 and 5 may not be increased. 

7. Design Details of olted Connections 

(a) Standard Holes. In the absence of approval by the engineer for use of 
other hole types, standard holes shall be used in high strength bolted 
connections. 

AMERICAN INS- OF STEEL CONSTRUCTION 
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Table 3. Allowable Load for Slip-critical Connections 
(Slip Load per Unit of Bolt Area, ksi) 

Hole Type and Direction of Load Application 

Any Direction Transverse Parallel 

Oversize & 
Short Slot 

Contact Surface 
of Bolted Parts 

-- 
Standard 

1 

Long Slots Long Slots 

Class A (Slip Coefficient 0.33) 
Clean mill scale and blast- 
cleaned surfaces with Class A 
coatingsa 

Class B (Slip Coefficient 0.50) 
Blast-cleaned surfaces and 
blast-cleaned surfaces with 
Class B coatingsa 

Class C (Slip Coefficient 0.40) 
Hot dip Galvanized and rough. 
ened surfaces 

;Coatings classified as Class A or Class B includes those coatings which provide a mean slip coefficient 
not less than 0.33 or 0.50, respectively, as determined by Testing Method to Determine the Slip Coefficient 
for Coatings Used in Bolted Joints, see Appendix A.  

(b) Oversize and Slotted Holes. When approved by the Engineer, oversize, 
short slotted holes or long slotted holes may be used subject to the following 
joint detail requirements: 

(1) Oversize holes may be used in all plies of connections in which the 
allowable slip resistance of the connection is greater than the applied load. 

(2) Short slotted holes may be used in any or all plies of connections 
designed on the basis of allowable stress on the fasteners in Table 2 pro- 
vided the load is applied approximately normal (between 80 and 100 
degrees) to the axis of the slot. Short slotted holes may be used without 
regard for the direction of applied load in any or all plies of connections in 
which the allowable slip resistance is greater than the applied force. 

(3) Long slotted holes may be used in one of the connected parts at any 
individual faying surface in connections designed on the basis of allowable 
stress on the fasteners in Table 2 provided the load is applied approximately 
normal (between 80 and 100 degrees) to the axis of the slot. Long slotted 
holes may be used in one of the connected parts at any individual faying sur- 
face without regard for the direction of applied load on connections in 
which the allowable slip resistance is greater than the applied force. 

(4) Fully inserted finger shims between the faying surfaces of load trans- 
mitting elements of connections are not to be considered a long slot element 
of a connection. 
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uirements. Design details shall provide for washers in high 
strength bolted connections as follows: 

(1) Where the outer face of the bolted parts has a slope greater than 1 :20 
with respect to a plane normal to the bolt axis, a hardened beveled washer 
shall be used to compensate for the lack of parallelism. 

(2) Hardened washers are not required for connections using A325 and 
A490 bolts except as required in paragraphs 7(c)(3) through 7(c)(7) for 
slip-critical connections and connections subject to direct tension or as 
required by paragraph 8(c) for shearlbearing connections. 

(3) Hardened washers shall be used under the element turned in tightening 
when the tightening is to be performed by calibrated wrench method. 

(4) Irrespective of the tightening method, hardened washers shall be used 
under both the head and the nut when A490 bolts are to be installed and 
tightened to the tension specified in Table 4 in material having a specified 
yield point less than 40 ksi. 

(5) Where A325 bolts of any diameter or A490 bolts equal to or less than 1 
inch in diameter are to be installed and tightened in an oversize or short slot- 
ted hole in an outer ply, a hardened washer conforming to ASTM F436 shall 
be used. 

(6) When A490 bolts over I inch in diameter are to be installed and tight- 
ened in an oversize or short slotted hole in an outer ply, hardened washers 
conforming to ASTM F436 except with 7 1 6  inch minimum thickness shall 
be used under both the head and the nut in lieu of standard thickness hard- 
ened washers. Multiple hardened washers with combined thickness equal 
to or greater than 5/16 inch do not satisfy this requirement. 

(7) Where A325 bolts of any diameter or A490 bolts equal to or less than 1 
inch in diameter are to be installed and tightened in a long slotted hole in an 
outer ply, a plate washer or continuous bar of at least 7 1 6  inch thickness with 
standard holes shall be provided. These washers or bars shall have a size 
sufficient to completely cover the slot after installation and shall be of 
structural grade material, but need not be hardened except as follows. When 
A490 bolts over 1 inch in diameter are to be used in long slotted holes in 
external plies, a single hardened washer conforming to ASTM F436 but 
with 6 inch minimum thickness shall be used in lieu of washers or bars of 
structural grade material. Multiple hardened washers with combined thick- 
ness equal to or greater than 5 / ~ 6  inch do not satisfy this requirement. 

(8) Alternate design fasteners meeting the requirements of 2(d) with a 
geometry which provides a bearing circle on the head or nut with a diameter 
equal to or greater than the diameter of hardened washers meeting the 
requirements ASTM F436 satisfy the requirements for washers specified in 
paragraphs 7(c)(4) and 7(c)(5). 

8. Installation and Tightening 

(a) Handling and Storage of Fasteners. Fasteners shall be protected from 
dirt and moisture at the job site. Only as many fasteners as are anticipated to 
be installed and tightened during a work shift shall be taken from protected 
storage. Fasteners not used shall be returned to protected storage at the end 
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of the shift. Fasteners shall not be cleaned of lubricant that is present in as- 
delivered condition. Fasteners for slip critical connections which must be 
cleaned of accumulated rust or dirt resulting from job site conditions, shall 
be cleaned and relubricated prior to installation. 

(b) Tension Calibrator. A tension measuring device shall be required at all 
job sites where bolts in slip-critical joints or connections subject to direct 
tension are being installed and tightened. The tension measuring device 
shall be used to confirm: ( I )  the suitability to satisfy the requirements of 
Table 4 of the complete fastener assembly, including lubrication if required 
to be used in the work, (2) calibration of wrenches, if applicable, and (3) the 
understanding and proper use by the bolting crew of the method to be used. 
 he frequency of confirmation testing, the number of tests to be performed 
and the test procedure shall be as specified in 8(d), as applicable. The accu- 
racy of the tension measuring device shall be confirmed through calibration 
by an approved testing agency at least annually. 

(c) Joint Assembly and Ti easIBearing Connections. Bolts 
in connections not within the slip-critical category as defined in Section 
5(a) nor subject to tension loads nor required to be fully tensioned bearing- 
type connections shall be installed in properly aligned holes, but need only 
be tightened to the snug tight condition. The snug tight condition is defined 
as the tightness that exists when all plies in a joint are in firm contact. This 
may be attained by a few impacts of an impact wrench or the full effort of a 
man using an ordinary spud wrench. See Commentary. If a slotted hole 
occurs in an outer ply, a flat hardened washer or common plate washer shall 
be installed over the slot. Bolts which may be tightened only to a snug tight 
condition shall be clearly identified on the drawings. 

tening of Connections Requiring 
tensioning. In slip-critical connections, connections subject to direct ten- 
sion, and fully pre-tensioned bearing connections, fasteners, together with 
washers of size and quality specified, located as required by Section 7(c), 
shall be installed in properly aligned holes and tightened by one of the meth- 
ods described in Subsections 8(d)(l) through 8(d)(4) to at least the mini- 
mum tension specified in Table 4 when all the fasteners are tight. Tighten- 
ing may be done by turning the bolt while the nut is prevented from rotating 
when it is impractical to turn the nut. Impact wrenches, if used, shall be of 
adequate capacity and sufficiently supplied with air to perform the required 
tightening of each bolt in approximately 10 seconds. 

(1)  Turn-of-nut Tightening. When turn-of-nut tightening is used, hard- 
ened washers are not required except as may be specified in 7(c). 

A representative sample of not less than three bolts and nuts of each 
diameter, length and grade to be used in the work shall be checked at the 
start of work in a device capable of indicating bolt tension. The test shall 
demonstrate that the method of estimating the snug-tight condition and con- 
trolling turns from snug tight to be used by the bolting crews develops a ten- 
sion not less than five percent greater than the tension required by Table 4. 

Bolts shall be installed in all holes of the connection and brought to a 
snug-tight condition. Snug tight is defined as the tightness that exist when 
the plies of the joint are in firm contact. This may be attained by a few 
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nsion Required for S Connections and 
Connections Subject to Direct Tension 

impacts of an impact wrench or the full effort of a man using an ordinary 
spud wrench. Snug tightening shall progress systematically from the most 
rigid part of the connection to the free edges, and then the bolts of the con- 
nection shall be retightened in a similar systematic manner as neccessary 
until all bolts are simultaneously snug tight and the connection is fully com- 
pacted. Following this initial operation all bolts in the connection shall be 
tightened further by the applicable amount of rotation specified in Table 5 .  

Nominal Bolt 
Size, Inches 

'12 

518 

314 

1 

1 
1 'IS 
1 '14 
1 318 

1 '12 

~ b r i n ~  the tightening operation there shall be no rotation of the part not 
turned by the wrench. Tightening shall progress systematically from the 
most rigid part of the joint to its free edges. 

(2) Calibrated Wrench Tightening. Calibrated wrench tightening may 
be used only when installation procedures are calibrated on a daily basis 
and when a hardened washer is used under the element turned in tightening. 

"Equal to 70 percent of specified minimum tensile strengths of bolts (as specified in ASTM 
Specifications for tests of full size A325 and A490 bolts with UNC threads loaded in axial ten- 
sion) rounded to the nearest kip. 

Minimum Tensiona in 1000's of Pounds (kips) 

See the Commentary to this Section. This specification does not recognize 
standard torques determined from tables or from formulas which are 
assumed to relate torque to tension. 

When calibrated wrenches are used for installation, they shall be set to 

A325 Bolts 

12 
19 
28 
39 

51 
56 
71 
85 

103 

provide a tension not less than 5 percent in excess of the minimum tension 
specified in Table 4. The installation procedures shall be calibrated at least 
once each working day for each bolt diameter, length and grade using fas- 
tener assemblies that are being installed in the work. Calibration shall be 
accomplished in a device capable of indicating actual bolt tension by tight- 
ening three typical bolts of each diameter, length and grade from the bolts 
being installed and with a hardened washer from the washers being used in 

A490 Bolts 

15 
24 
35 
49 

64 
80 

102 
121 

148 

the work under the element turned in tightening. Wrenches shall be recali- 
brated when significant difference is noted in the surface condition of the 
bolts threads, nuts or washers. It shall be verified during actual installation 
in the assembled steelwork that the wrench adjustment selected by the cali- 
bration does not produce a nut or bolt head rotation from snug tight greater 
than that permitted in Table 5 .  If manual torque wrenches are used, nuts 
shall be turned in the tightening direction when torque is measured. 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 
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Table 5. Nut Rotation from Snug Tight Condition0 

Bolt length 
(Under side 
of head to 
end of bolt) 

including 
4 diameters ! Uptoand I 

I Over4dia- 
meters but 
not exceed- 
ing 8 dia. 

Both faces 
normal to 
bolt axis 

'A turn 

'12 turn 

2/3 turn 

Disposition of Outer Face of Bolted Parts 

One face normal to 
bolt axis and other 
sloped not more than 
1.20 (beveled washer 
not used) 

'12 turn 

2/3 turn 

5/e turn 

ardless of the element (nut or bt 

Both faces sloped 
not more than 1 :20 
from normal to the 
bolt axis (beveled 
washer not used) 

2/3 turn 

5/s turn 

1 turn meters but 
not exceed- 
ing 12 dia.c I w u t  rotation is relative to bolt 1 reg, - 

by ' h  turn and less, the tolerance should be plus or minus 30 degrees; for bolts installed by Zh turn 
and more, the tolerance should be plus or minus 45 degrees. 

b~pplicable  only to connections in which all material within the grip of the bolt is steel. 
'No research has been performed by the Council to estabIish the turn-of-nut procedure for bolt 
lengths exceeding 12 diameters. Therefore, the required rotation must be determined by actual test 
in a suitable tension measuring device which simulates conditions of solidly fitted steel. 

olt) being turned. For bolts installed 

When calibrated wrenches are used to install and tension bolts in a connec- 
tion, bolts shall be installed with hardened washers under the element 
turned in tightening bolts in all holes of the connection and brought to a 
snug tight condition. Following this initial tightening operation, the connec- 
tion shall be tightened using the calibrated wrench. Tightening shall 
progress systematically from the most rigid part of the joint to its free 
edges. The wrench shall be returned to "touch up" previously tightened 
bolts which may have been relaxed as a result of the subsequent tightening 
of adjacent bolts until all bolts are tightened to the prescribed amount. 

(3) Installation of Alternate Design Bolts. When fasteners which incor- 
porate a design feature intended to indirectly indicate the bolt tension or to 
automatically provide the tension required by Table 4 and which have been 
qualified under Section 2(d) are to be installed, a representative sample of 
not less than three bolts of each diameter, length and grade shall be checked 
at the job site in a device capable of indicating bolt tension. The test assem- 
bly shall include flat hardened washers, if required in the actual connection, 
arranged as in the actual connections to be tensioned. -The calibration test 
shall demonstrate that each bolt develops a tension not less than five percent 
greater than the tension required by Table 4. Manufacturer's installation 
procedure as required by Section 2(d) shall be followed for installation of 
bolts in the calibration device and in all connections. 

When alternate design features of the fasteners involve an irreversible 
mechanism such as yield or twist-off of an element, bolts shall be installed 

~ R I C A N  INSTITUTE OF STEEL CONSTRUCTION 
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in all holes of the connection and initially brought to a snug tight condition. 
All fasteners shall then be tightened, progressing systematically from the 
most rigid part of the connection to the free edges in a manner that will min- 
imize relaxation of previously tightened fasteners prior to final twist-off or 
yielding of the control or indicator element of the individual fasteners. In 
some cases, proper tensioning of the bolts may require more than a single 
cycle of systematic tightening. 

(4) Direct Tension Indicator Tightening. Tightening of bolts using 
direct tension indicator devices is permitted provided the suitability of the 
device can be demonstrated by testing a representative sample of not less 
than three devices for each diameter and grade of fastener in a calibration 
device capable of indicating bolt tension. The test assembly shall include 
flat hardened washers, if required in the actual connection, arranged as 
those in the actual connections to be tensioned. The calibration test shall 
demonstrate that the device indicates a tension not less than five percent 
greater than that required by Table 4. Manufacturer's installation proce- 
dure as required by Section 2(d) shall be followed for installation of bolts in 
the calibration device and in all connections. Special attention shall be 
given to proper installation of flat hardened washers when load indicating 
devices are used with bolts installed in oversize or slotted holes and when 
the load indicating devices are used under the turned element. 

When the direct tension indicator involves an irreversible mechanism 
such as yielding or fracture of an element, bolts shall be installed in all holes 
of the connection and brought to snug tight condition. All fasteners shall 
then be tightened, progressing systematically from the most rigid part of the 
connection to the free edges in a manner that will minimize relaxation of 
previously tightened fasteners prior to final twist-off or yielding of the con- 
trol or indicator element of the individual devices. In some cases, proper 
tensioning of the bolts may require more than a single cycle of systematic 
tightening. 

olts. A490 bolts and galvanized A325 bolts shall not be reused. 
Other A325 bolts may be reused if approved by the Engineer responsible. 
Touching up or retightening previously tightened bolts which may have 
been loosened by the tightening of adjacent bolts shall not be considered as 
reuse provided the snugging up continues from the initial position and does 
not require greater rotation, including the tolerance, than that required by 
Table 5 .  

(a) Inspector Responsibility. While the work is in progress, the Inspector- 
shall determine that the requirements of Sections 2, 3 and 8 of this Specifi- 
cation are met in the work. The Inspector shall observe the calibration pro- 
cedures when such procedures are required by contract documents and 
shall monitor the installation of bolts to determine that all plies of connected 
material have been drawn together and that the selected procedure is prop- 
erly used to tighten all bolts. 

In addition to the requirement of the foregoing paragraph, for all con- 
nections specified to be slip critical or subject to axial tension, the Inspector 
shall assure that the specified procedure was followed to achieve the preten- 
sion specified in Table 4. Bolts installed by procedures in Section 8(d) may 
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reach tensions substantially greater than values given in Table 4, but this 
shall not be cause for rejection. 

Bolts in connections identified as not being slip-critical nor subject to 
direct tension need not be inspected for bolt tension other than to ensure that 
the plies of the connected elements have been brought into snug contact. 

(b) Arbitration Inspection. When high strength bolts in slip-critical connec- 
tions and connections subject to direct tension have been installed by any of 
the tightening methods in Section 8(d) and inspected in accordance with 
Section 9(a) and a disagreement exists as to the minimum tension of the 
installed bolts, the following arbitration procedure may be used. Other 
methods for arbitration inspection may be used if approved by the engineer. 

(1) The Inspector shall use a manual torque wrench which indicates 
torque by means of a dial or which may be adjusted to give an indication that 
the job inspecting torque has been reached. 

(2) This Specifcation does not recognize standard torques determined 
from tables or from formulas which are assumed to relate torque to tension. 
Testing using such standard torques shall not be considered valid. 

(3) A representative sample of five bolts from the diameter, length and 
grade of the bolts used in the work shall be tightened in the tension measur- 
ing device by any convenient means to an initial condition equal to approxi- 
mately 15 percent of the required fastener tension and then to the minimum 
tension specified in Table 4. Tightening beyond the initial condition must 
not produce greater nut rotation than 1'12 times that permitted in Table 5 .  
The job inspecting torque shall be taken as the average of three values thus 
determined after rejecting the high and low values. The inspecting wrench 
shall then be applied to the tightened bolts in the work and the torque neces- 
sary to turn the nut or head 5 degrees (approximately 1 inch at 12 inch 
radius) in the tightening direction shall be determined. 

(4) Bolts represented by the sample in the foregoing paragraph which 
have been tightened in the structure shall be inspected by applying, in the 
tightening direction, the inspecting wrench and its job torque to 10 percent 
of the bolts, but not less than 2 bolts, selected at random in each connection 
in question. If no nut or bolt head is turned by application of the job inspect- 
ing torque, the connection shall be accepted as properly tightened. If any 
nut or bolt is turned by the application of the job inspecting torque, all bolts 
in the connection shall be tested, and all bolts whose nut or head is turned by 
the job inspecting torque shall be tightened and reinspected. Alternatively, 
the fabricator or erector, at his option, may retighten all of the bolts in the 
connection and then resubmit the connection for the specified inspection. 

(c) Delayed Verification Inspection. The procedure specified in Sections 
9(a) and (b) are intended for inspection of bolted connections and verifica- 
tion of pretension at the time of tensioning the joint. If verification of bolt 
tension is required after a passage of a period of time and exposure of the 
completed joints, the procedures of Section 9(b) will provide indication of 
bolt tension which is of questionable accuracy. Procedures appropriate to 
the specific situation should be used for verification of bolt tension. This 
might involve use of the arbitration inspection procedure contained herein, 
or might require the development and use of alternate procedures. 

See Commentary. 
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n 1975, the Steel Structures Painting Council (SSPC) contacted the Research Coun- 
cil In Riveted and Bolted Structural Joints (RCRBSJ), now the Research Council on 
Structural Connections (RCSC), regarding the difficulties and costs which steel fab- 
ricators encounter with restrictions on coatings of contact surfaces for friction-type 
structural joints. The SSPC also expressed the need for a "standardized test which 
can be conducted by any certified testing agency at the initiative and expense of any 
interested party, including the paint manufacturer. "And finally, the RCSC was 
requested to "prepare and promulgate a specification for the conduct of such a stand- 
ard test for slip coefficients. " 

The following Testing Method is the answer of Research Council on Structural 
Connections to the SSPC request. The test method was developed by Professors 
Joseph A. Yura and Karl H. Frank of The University of Texas at Austin under a grant 
from the Federal Highway Administration. The Testing Method was approved by the 
RCSC on June 14, 1984. 

1 .I Purpose and Seo 

The purpose of the testing procedure is to determine the slip coefficient of a coating 
for use in high-strength bolted connections. The testing specification ensures that the 
creep deformation of the coating due to both the clamping force of the bolt and the 
service load joint shear are such that the coating will provide satisfactory perform- 
ance under sustained loading. 

Joseph A. Yura, M. ASCE, is Warren S. Bellows Centennial Professor in Cii,il F3r1,qrneering. Unir~rr.s~t\. of 

Texas at Austin, Austin, Texas. 

Karl H .  Frank, A.M. ASCE, is Associate Professor, Departwrmt ofCi~. i l  Engirwrring. Unir,er\ir\. of E~.rcis 
at Austin, Austin, Texas. 
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1.2 Definition of Essentia 

Essential variables mean those variables which, if changed, will require retesting of 
the coating to determine its slip coefficient. The essential variables are given below. 
The relationship of these variables to the limitation of application of the coating for 
structural joints is also given. 

The time interval between application of the coating and the time of testing is an 
essential variable. The time interval must be recorded in hours and any special curing 
procedures detailed. Curing according to published manufacturer's recommenda- 
tions would not be considered a special curing procedure. The coatings are qualified 
for use in structural connections which are assembled after coating for a time equal 
to or greater than the interval used in the test specimens. Special curing conditions 
used in the test specimens will also apply to the use of the coating in the structural 
connections. 

The coating thickness is an essential variable. The maximum average coating 
thickness allowed on the bolted structure will be the average thickness, rounded to the 
nearest whole mil, of the coating used on the creep test specimens minus 2 mils. 

The composition of the coating, including the thinners used, and its method of 
manufacture are essential variables. Any change will require retesting of the coating. 

1.3 Retesting 

A coating which fails to meet the creep or the post-creep slip test requirements given 
in Sect. 4 may be retested in accordance with methods in Sect. 4 at a lower slip coeffi- 
cient, without repeating the static short-term tests specified in Sect. 3. Essential vari- 
ables must remain unchanged in the retest. 

PLATES AND COAT 

2.1 Test Plates 

The test specimen plates for the short-term static tests are shown in Fig. 1. The plates 
are 4 x 4  in. (102x 102 mm) plates, 5/vin. (16 mm) thick, with a 1-in. (25 mm) dia. 
hole drilled 1 I12 in. * '116 in. (38 mm * 1.6 mm) from one edge. The specimen plates 
for the creep specimen are shown in Fig. 2. The plates are 4 x 7  in. (102 x 178 mm), 
%-in. (16 mm) thick, with two 1-in. (25 mm) holes, 1 I12 in. * I116 in. (38 mm * 
1.6 mm) from each end. The edges of the plates may be milled, as rolled or saw cut. 

ALL PLATES 5 /8"  THICK 

Fig. I .  Compression test specimen 



5 - 280 - Appendix A-Testing Method 

Flame cut edges are not permitted. The plates should be flat enough to ensure they 
will be in reasonably full contact over the faying surface. Any burrs, lips or rough 
edges should be filed or milled flat. The arrangement of the specimen plates for the 
testing is shown in Figs. 2 and 3. The plates are to be fabricated from a steel with a 
minimum yield strength between 36 to 50 ksi (250 to 350 MPa). 

If specimens with more than one bolt are desired, the contact surface per bolt 
should be 4 x 3 in. (102 ~ 7 6 . 5  mm) as shown for the single bolt specimen in Fig. 1 .  

2.2 Specimen Coating 

The coatings are to be applied to the specimens in a manner consistent with the actual 
intended structural application. The method of applying the coating and the surface 
preparation should be given in the test report. The specimens are to be coated to an 
average thickness 2 mils (0.05 mm) greater than average thickness to be used in the 
structure. The thickness of the total coating and the primer, if used, shall be measured 
on the contact surface of the specimens. The thickness should be measured in accord- 
ance with the Steel Structures Painting Council specification SSPC-PA2,. Measure- 
ment of Dry Paint Thickness with Magnetic Gages.1 Two spot readings (six gage 
readings) should be made for each contact surface. The overall average thickness 
from the three plates comprising a specimen is the average thickness for the speci- 
men. This value should be reported for each specimen. The average coating thickness 
of the three creep specimens will be calculated and reported. The average thickness 
of the creep specimen minus two mils rounded to the nearest whole mil is the maxi- 
mum average thickness of the coating to be used in the faying surface of a structure. 

The time between painting and specimen assembly is to be the same for all speci- 
mens within i- 4 hours. The average time is to be calculated and reported. The two 
coating applications required in Sect. 3 are to use the same equipment and proce- 
dures. 

3.0 SLIP TESTS 

The methods and procedures described herein are used to determine experimentally 
the slip coefficient (sometimes called the coefficient of friction) under short-term 
static loading for high-strength bolted connections. The slip coefficient will be deter- 
mined by testing two sets of five specimens. The two sets are to be coated at different 
times at least one week apart. 

3.1 Compression Test Setu 

The test setup shown in Fig. 3 has two major loading components, one to apply a 
clamping force to the specimen plates and another to apply a compressive load to the 
specimen so that the load is transferred across the faying surfaces by friction. 

Clamping Force System. The clamping force system consists of a 7/x-in. (22 mm) 
dia. threaded rod which passes through the specimen and a centerhole compression 
ram. A 2H nut is used at both ends of the rod, and a hardened washer is used at each 
side of the test specimen. Between the ram and the specimen is a specially fabricated 
7/x-in. (22 mm) 2H nut in which the threads have been drilled out so that it will slide 
with little resistance along the rod. When oil is pumped into the centerhole ram, the 
piston rod extends, thus forcing the special nut against one of the outside plates of the 
specimen. This action puts tension in the threaded rod and applies a clamping force to 
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Fig 

CDAO 
INDICATING 
WASHER 
7 CLAMPING 

2 .  Creep test specimens 

MEAD 

WASHER 

Fig. 3. Test setup 
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the specimen which simulates the effect of a tightened bolt. If the diameter of the cen- 
terhole ram is greater than 1 in. (25 mm), additional plate washers will be necessary at 
the ends of the ram. The clamping force system must have a capability to apply a load 
of at least 49 kips (219 kN) and maintain this load during the test with an accuracy of 
* I % .  

Compressive Load System. A compressive load is applied to the specimen until 
slip occurs. This compressive load can be applied by a compression test machine or 
compression ram. The machine, ram and the necessary supporting elements should 
be able to support a force of 90 kips (400 kN). 

The compression loading system should have an accuracy of 1.0% of the slip 
load. 

3.2 Instrumentation 

Clamping Force. The clamping force must be measured wlthin 0.5 kips (2.2 kN). 
This may be accomplished by measuring the pressure in the calibrated ram or placing 
a load cell in series with the ram. 

compression Load. The compression load must be measured during the test. 
This may be accomplished by direct reading from a compression testing machine, a 
load cell in series with the specimen and the compression loading device, or pressure 
readings on a calibrated compression ram. 

Slip Deformation. The relative displacement of the center plate and the two out- 
side plates must be measured. This displacement, called slip for simplicity, should be 
the average which occurs at the centerline of the specimen. This can be accomplished 
by using the average of two gages placed on the two exposed edges of the specimen or 
bv monitoring the movement of the loading head relative to the base. If the latter - u 

method is used, due regard must be taken for any slack that may be present in the load- 
ing system prior to application of the load. Deflections can be measured by dial gages 
or any other calibrated device which has an accuracy of 0.001 in. (0.20 mm). 

The specimen is installed in the test setup as shown in Fig. 3. Before the hydraulic 
clamping force is applied, the individual plates should be positioned so that they are 
in, or are close to, bearing contact with the 7/x-in. (22 mm) threaded rod in a direction 
opposite to the planned compressive loading to ensure obvious slip deformation. Care 
should be taken in positioning the two outside plates so that the specimen will be 
straight and both plates are in contact with the base. 

After the plates are positioned, the centerhole ram is engaged to produce a 
clamping force of49 kips (2 19 kN). The applied clamping force should be maintained 
within f 0.5 kips (2.2 kN) during the test until slip occurs. 

The spherical head of the compression loading machine should be brought in 
contact with the center plate of the specimen after the clamping force is applied. The 
spherical head or other appropriate device ensures uniform contact along the edge of 
the plate, thus eliminating eccentric loading. When 1 kip (4.45 kN) or less of com- 
pressive load is applied, the slip gages should be engaged or attached. The purpose of 
engaging the deflection gage(s), after a slight load is applied, is to eliminate initial 
specimen settling deformation from the slip readings. 

When the slip gages are in place, the compression load is apphed at a rate not 
exceeding 25 kips (109 kN) per minute, or 0.003 in. (0.07 mm) of slip displacement 
per minute until the slip load is reached. The test should be terminated when a slip of 
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0.05 in. (1.3 mm) or greater is recorded. The load-slip relationship should preferably 
be monitored continuously on an X-Yplotter throughout the test, but in lieu of contin- 
uous data, sufficient load-slip data must be recorded to evaluate the slip load defined 
below. 

3.4 Slip Load 

Typical ioad-slip response is shown in Fig. 4. Three types of curves are usually 
observed and the slip load associated with each type is defined as follows: 
Curve (a). Slip load is the maximum load, provided this maximum occurs before 
a slip of 0.02 in. (0.5 mm) is recorded. 
Curve (6). Slip load is the load at which the slip rate increases suddenly. 
Curve (c). Slip load is the load corresponding to a deformation of 0.02 in. (0.5 
mm). This definition applies when the load vs. slip curves show a gradual change in 
response. 

a - slip load 

0 0.020 O.O*O 

SLIP ( in . )  

Fig.  4 .  Definition of slip load 

3.5 Coefficient of SEi 

The slip coefficient k, for an individual specimen is calculated as follows: 

slip load 
k, = 

2 x clamping force 

The mean slip coefficient for both sets of five specimens must be compared. If the 
two means differ by more than 25 % , using the smaller mean as the base, a third five- 
specimen set must be tested. The mean and standard deviation of the data from all 
specimens tested define the slip coefficient of the coating. 
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3.6 Alternate Test 

Other test meethods to determine slip may be used provided the accuracy of load mea- 
surement and clamping satisfies the conditions presented in the previous sections. 
For example, the slip load may be determined from a tension-type test setup rather 
than the compression-type as long as the contact surface area per fastener of the test 
specimen is the same as shown in Fig. 1. The clamping force of at least 49 kips (219 
kN) may be applied by any means provided the force can be established within + 1 % . 
Strain-gaged bolts can usually provide the desired accuracy. However, bolts installed 
by turn-of-nut method, tension indicating fasteners and load indicator washers usu- 
ally show too much variation to be used in the slip test. 

4.0 TENSION CREE 

The test method outlined is intended to ensure the coating will not undergo significant 
creep deformation under service loading. The test also determines the loss in clamp- 
ing force in the fastener due to the compression or creep of the paint. Three replicate 
specimens are to be tested. 

4.1 Test Setup 

Tension-type specimens, as shown in Fig. 2, are to be used. The replicate specimens 
are to be linked togther in a single chain-like arrangement, using loose pin bolts, so 
the same load is applied to all specimens. The specimens shall be assembled so the 
specimen plates are bearing against the bolt in a direction opposite to the applied ten- 
sion loading. Care should be taken in the assembly of the specimens to ensure the cen- 
terline of the holes used to accept the pin bolts is in line with the bolts used to assemble 
the joint. The load level, specified in Sect. 4.2, shall be maintained constant within 
* 1 % by springs, load maintainers, servo controllers, dead weights or other suitable 
equipment. The bolts used to clamp the specimens together shall be 7/8-in. (22 mm) 
dia. A490 bolts. All bolts should come from the same lot. 

The clamping force in the bolts should be a minimum of 49 kips (2 19 kN). The 
clamping force is to be determined by calibrating the bolt force with bolt elongation, 
if standard bolts are used. Special fasteners which control the clamping force by other 
means such as bolt torque or strain gages may be used. A minimum of three bolt cali- 
brations must be performed using the technique selected for bolt force determination. 
The average of the three-bolt calibration is to be calculated and reported. The method 
of measuring bolt force must ensure the clamping force is within *2 kips (9 kN) of the 
average value. 

The relative slip between the outside plates and the center plates shall be mea- 
sured to an accuracy of 0.001 in. (0.02 mm). This is to be measured on both sides of 
each specimen. 

4.2 Test Procedure 

The load to be placed on the creep specimens is the service load permitted for 
7/8-in. A490 bolts in slip-critical connections by the latest edition of the Specification 
for Structural Joints Using ASTM A325 or A490 Bolts2 for the particular slip coeffi- 
cient category under consideration. The load is to be placed on the specimen and held 
for 1,000 hours. The creep deformation of a specimen is calculated using the average 
reading of the two dispacements on each side of the specimen. The difference 
between the average after 1,000 hours and the initial average reading taken within 
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one-half hour after loading the specimens is defined as the creep deformation of the 
specimen. This value is to be reported for each specimen. If the creep deformation of 
any specimen exceeds 0.005 in. (0.12 mm), the coating has failed the test for the slip 
coefficient used. The coating may be retested using new specimens in accordance 
with this section at a load corresponding to a lower value of slip coefficient. 

If the value of creep deformation is less than 0.005 in. (0.12 mm) for all speci- 
mens, the specimens are to be loaded in tension to a load calculated as 

P, = average clamping force x design slip coefficient x 2 

since there are two slip planes. The average slip deformation which occurs at this load 
must be less than 0.015 in. (0.38 mm) for the three specimens. If the deformation is 
greater than this value, the coating is considered to have failed to meet the require- 
ments for the particular slip coefficient used. The value of deformation for each spec- 
imen is to be reported. 

The slip coefficient under short-term static loading has been found to be independent 
of clamping force, paint thickness and hole diameter.3 The slip coefficient can be eas- 
ily determined using the hydraulic bolt test setup included in this specification. The 
sip load measured in this setup yields the slip coefficient directly since the clamping 
force is controlled. The slip coefficient k ,  is given by 

slip load 
k, = 2 x clamping force 

The resulting slip coefficient has been found to correlate with both tension and com- 
pression tests of bolted specimens. However, tests of bolted specimens revealed that 
the clamping force may not be constant but decreases with time due to the compres- 
sive creep of the coating on the faying surfaces and under the nut and bolt head. The 
reduction of the clamping force can be considerable for joints with high clamping 
force and thick coatings, as much as a 20% loss. This reduction in clamping force 
causes a corresponding reduction in the slip load. The resulting reduction in slip load 
must be considered in the procedure used to determine the design allowable slip loads 
for the coating. 

The loss in clamping force is a characteristic of the coating. Consequently, it can- 
not be accounted for by an increase in the factor of safety or a reduction in the clamp- 
ing force used for design without unduly penalizing coatings which do not exhibit this 
behavior. 

The creep deformation of the bolted joint under the applied shear loading is also 
an important characteristic and a function of the coating applied. Thicker coatings 
tend to creep more than thinner coatings. Rate of creep deformation increases as the 
applied load approaches the slip load. Extensive testing has shown the rate of creep is 
not constant with time, rather it decreases with time. After 1,000 hours of loading, 
the additional creep deformation is negligible. 

The proposed test methods are designed to provide the necessary information to 
evaluate the suitability of a coating for slip critical bolted connections and to deter- 
mine the slip coefficient to be used in the design of the connections. The initial testing 
of the compression specimens provides a measure of the scatter of the slip coeffi- 
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cient. In order to get better statistical information, a third set of specimens must be 
tested whenever the means of the initial two sets differ by more than 25 %. 

The creep tests are designed to measure the paint's creep behavior under the 
service loads determined by the paint's slip coefficient based on the compression test 
results. The slip test conducted at the conclusion of the creep test is to ensure the loss 
of clamping force in the bolt does not reduce the slip load below that associated with 
the design slip coefficient. A490 bolts are specified, since the loss of clamping force 
is larger for these bolts than A325 bolts. Qualifying of the paint for use in a structure 
at an averge thickness of 2 mils less than the test specimen is to ensure that a casual 
buildup of paint due to overspray, etc., does not jeopardize the coating's perform- 
ance. 

The use of 1-in. (25 mm) holes in the specimens is to ensure that adequate clear- 
ance is available for slip. Fabrication tolerances, coating buildup on the holes and 
assembly tolerances reduce the apparent clearances. 

REFERENCES 

1 .  Steel Structures Painting Council Steel Structures Painting Manual Vols. I and 
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2. Research Council on Structural Connections Specification for Structural Joints 
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3 .  Frank, K . N . ,  and J A. Yura An Experimental Study of Bolted Shear Connec- 
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his Commentary to Specificurions for Stnlcruml Joints Using ASTM A325 or A490 
olts is equally applicable to the Allowable Stress Design version or the Load and 

Resisturzce Fuctor Design version. It is provided as an aid to the user of either Specifi- 
cation. By providing background information, references to source information and 
discussion relative to questions raised over the years by users of earlier versions of 
the Council Specifications, it is intended to provide a record of the reasoning behind 
the requirements and understanding of the intent of the Specification provisions. 

Historical Notes 

When first approved by the Research Council on Structural Connections of the Engi- 
neering Foundation, January 195 1 ,  the Specification for Assembly of Structural 
Joints Using High-Strength Bolts merely permitted the substitution of a like number 
of A325 high-strength bolts for bot driven ASTM A141 * steel rivets of the same nom- 
inal diameter. It was required that all contact surfaces be free of paint. As revised in 
1954, the omission of paint was required to apply only to "joints subject to stress 
reversal, impact or vibration, or to cases where stress redistribution due to joint slip- 
page would be undesirable. '' This relaxation of the earlier provision recognized the 
fact that, in a great many cases, movement of the connected parts that brings the bolts 
into bearing against the sides of their holes is in no way detrimental. 

In the first edition of the Specification published in 195 1, a table of torque to ten- 
sion relationships for bolts of various diameters was included. It was soon demonstra- 
ted in research that a variation in the torque to tension relationship of as high as plus or 
minus 40 percent must be anticipated unless the relationship is established individu- 
ally for each bolt lot, diameter and fastener condition. Hence, by the 1954 edition of 
the Specification, recognition of standard torque to tension relationships in the form 
of tabulated values or formulas was withdrawn. Recognition of the calibrated wrench 
method of tightening was retained however until 1980, but with the requirement that 
the torque required for installation or inspection be determined specifically for the 
bolts being installed on a daily basis. Recognition of the method was withdrawn in 
1980 because of continuing controversy resulting from failure of users to adhere to 
the detailed requirements for valid use of the method both during installation and 
inspection. With this version of the Specification, the calibrated wrench method has 
been reinstated, but with more detailed requirements which should be carefully 
followed. 

The increasing use of high-strength steels created the need for bolts substantially 
stronger than A325, in order to resist the much greater forces they support without 
resort to very large connections. To meet this need, a new ASTM specification, 
A490, was developed. When provisions for the use of these bolts were included in 
this Specification in 1964, it was required that they be tightened to their specified 
proof load, as was required for the installation of A325 boles. However, the ratio of 
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proof load to specified minimum tensile strength is approximately 0.7 for A325 bolts, 
whereas it is 0.8 for A490 bolts. Calibration studies have shown that high-strength 
bolts have ultimate load capacities in torqued tension which vary from about 80 to 90 
percent of the pure-tension tensile strength. 1 Hence, if minimum strength A490 bolts 
were supplied and they experienced the maximum reduction due to torque required to 
induce the tension, there is a possibility that these bolts could not be tightened to proof 
load by any method ofinstallation. Also, statistical studies have shown that tightening 
to the 0.8 times tensile strength under calibrated wrench control may result in some 
"twist-off" bolt failures during installation or in some cases a slight amount of under 
tightening.2 Therefore, the required installed tension for A490 bolts was reduced to 
70 percent of the specified minimum tensile strength. For consistency, but with only 
minor change, the initial tension required for A325 bolts was also set at 70 percent of 
their specified minimum tensile strength and at the same time the values for minimum 
required pretension were rounded off to the nearest kip. 

C l  Scope 

This Specification deals only with two types of high-strength bolts, namely, ASTM 
A325 and A490, and to their installation in structural steel joints. The provisions may 
not be relied upon for high-strength fasteners of other chemical composition or 
mechanical properties or size. The provisions do not apply to ASTM A325 or A490 
fasteners when material other than steel is included in the grip. The provisions do not 
apply to high-strength anchor bolts. 

The Specification relates only to the performance of fasteners in structural steel 
connections and those few aspects of the connected material that affect the perform- 
ance of the fasteners in connections. Many other aspects of connection design and 
fabrication are of equal importance and must not be overlooked. For information on 
questions of design of connected material, not covered herein, the user is directed to 
standard textbooks on design of structural steel and also to "Fisher, J.W. and J.H.A. 
Struik," Guide to Design Criteria for Bolted and Riveted Joints, John Wiley & Sons, 
New York, 1974. (Hereinafter referred to as the Guide.) 

oils, Nuts, Washers and Paint 

Complete familiarity with the referenced ASTM Specification requirements is neces- 
sary for the proper application of this Specification. Discussion of referenced specifi- 
cations in this Commentary is limited to only a few frequently overlooked or little 
understood items. 

In this Specification a single style of fastener (heavy hex structural bolts with 
heavy hex nuts), available in two strength grades (A325 and A490) is specified as a 
principal style, but conditions for acceptance of other types of fasteners are provided. 

Bolt Specifications ASTM A325 and A490 bolts are manufactured to dimensions 
specified in ANSI Standard B18.2.1 for Heavy Hex Structural Bolts. The basic 
dimensions as defined in Figure CI  are shown in Table C1. The principal geometric 
features of heavy hex structural bolts that distinguish them from bolts for general 
application are the size of the head and the body length. The head of the heavy hex 

'Christopher, R.J., G. L. Kulak, and J. W. Fisher, "Calibration of Alloy Steel Bolts," Journal ofthe 
Structural Division, ASCE, Vol. 92, No. ST2, Proc. Paper4768, April, 196(5, pp. 19-40. 

ZGill, EJ., "Specifications of Minimum Preloads for Structural Bolts," Memorandum 30, G. K. N 
Group Research Laboratory, England, 1966 (unpublished report). 
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structural bolt is specified to be the same size as a heavy hex nut of the same nominal 
diameter in order that the ironworker may use a single size wrench or socket on both 
the head and the nut. Heavy hex structural bolts have shorter thread length than bolts 
for general application. By making the body length of the bolt the control dimension, 
it has been possible to exclude the thread from all shear planes, except in the case of 
thin outside parts adjacent to the nut. Depending upon the amount of bolt length 
added to adjust for incremental stock lengths, the full thread may extend into the grip 
by as much as '18 inch for '12 in., Vx in., '14 in., 71x in., 1'14 in., and 1 '12 in. diameter 
bolts and as much as '12 inch for 1 in., l l /x  in. and 13/x in. diameter bolts. Inclusion of 
some thread run-out in the plane of shear is permissible. Of equal or even greater 
importance is exercise of care to provide sufficient thread for nut tightening to keep 
the nut threads from jamming into the thread run-out. When the thickness of an out- 
side part is less than the amount the threads may extend into the grip tabulated above, 
it may be necessary to call for the next increment of bolt length together with suffi- 
cient flat washers to insure full tightening of the nut without jamming nut threads on 
the thread run-out. 

ble CB 

Nominal Bolt 
Size, lnches 

D 

Bolt Dimensions, lnches 
Heavy Hex Structural Bolts 

Width across 
flats, F 

Height, 
H 

Thread 
length 

1 
1 l/4 

1 3/8 
1 112 

1 3/4 
2 
2 
2l/4 

Z1/4 

Nut Dimensions, lnches 
Heavy Hex nuts 

Width across 
flats, W 

Height, 
H 

Nut may be chamfered 
on both faces 

Fig. C I .  Heavy hex itrucruml bolt and heavy hex rzur 
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There is an exception to the short thread length requirements for ASTM A325 bolts 
discussed in the foregoing. Beginning with ASTM A325-83, supplementary require- 
ments have been added to the ASTM A325 Specification which permit the purchaser, 
when the bolt length is equal to or shorter than four times the nominal diameter, to 
specify that the bolt be threaded for the full length of the shank. This exception to the 
requirements for thread length of heavy hex structural bolts was provided in the Spec- 
ification in order to increase economy through simplified ordering and inventory 
control in the fabrication and erection of structures using relatively thin materials 
where strength of the connection is not dependent upon shear strength of the bolt, 
whether threads are in the shear plane or not. The Specification requires that bolts 
ordered to such supplementary requirements be marked with the symbol A325T. 

In order to determine the required bolt length, the value shown in Table C2 
should be added to the grip (i.e., the total thickness of all connected material, exclu- 
sive of washers). For each hardened flat washer that is used, add 5/32 inch, and for 
each beveled washer add s / ~ 6  inch. The tabulated values provide appropriate allow- 
ances for manufacturing tolerances, and also provide for full thread engagement* 
with an installed heavy hex nut. The length determined by the use of Table C2 should 
be adjusted to the next longer '14 inch length. 

Table C2 

Nominal Bolt Size, lnches To Determine Required Bolt 
Length, Add to Grip, in Inches 

ASTM A325 and ASTM A490 currently provide for three types (according to 
metallurgical classification) of high-strength structural bolts, supplied in sizes '12 

inch to I l/2 inch inclusive except for A490 Type 2 bolts which are available in diame- 
ters from I12 inch to 1 inch inclusive: 

Type 1 .  Medium carbon steel for A325 bolts, alloy steel for A490 bolts. 
Type 2. Low carbon martensitic steel for both A325 and A490 bolts. 
Type 3. Bolts having improved atmospheric corrosion resistance and weather- 

ing characteristics for both A325 and A490 bolts. 

*Defined as: Having the end of the bolt at least flush with the face of the nut 
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When the bolt type is not specified, either Type 1, Type 2 or Typc 3 may be supplied at 
the option of the manufacturer. Special attention is called to the requirement in ASTM 
A325 that where elevated temperature applications are involved, Type 1 bolts shall be 
specified by the purchaser. This is because the chemistry of Type 2 bolts permits heat 
treatment at sufficiently low temperatures that subsequent heating to elevated tem- 
peratures may affect the mechanical properties. 

eavy Hex Nuts. Heavy hex nuts for use with A325 bolts may be manufactured to 
the requirements of ASTM A 194 for grades 2 or 2H or the requirements of ASTM 
A563 for grades C, C3, D, DH or DH3 except that nuts to be galvanized for use with 
galvanized bolts must be hardened nuts meeting the requirements for 2H, DH or 
DH3. 

The heavy hex nuts for use with A490 bolts may be manufactured to the require- 
ments of ASTM A194 for grade 2H or the requirements of ASTM A563 for grade DH 
or DH3. 

anized High-strength olts. Galvanized high-strength bolts and nuts must be 
considered as a manufactured matched assembly; hence, comments relative to them 
have not been included in the foregoing paragraphs where bolts and nuts were 
considered separately. Insofar as the galvanized bolt and nut assembly, per se, is con- 
cerned, four principal factors need be discussed in order that the provisions of the 
Specification may be understood and properly applied. They are (1) the effect of the 
galvanizing process on the mechanical properties of high-strength steels, (2) the 
effect of galvanized coatings on the nut stripping strength, (3) the effect of galvaniz- 
ing upon the torque involved in the tightening operation and (4) shipping 
requirements. 

Effect of Galvanizing on t e Strength of Steels. Steels in the 200 ksi and higher 
tensile strength range are subject to embrittlement if hydrogen is permitted to remain 
in the steel and the steel is subjected to high tensile stress. The minimum tensile 
strength of A325 bolts is 105 or 120 ksi, depending upon the size, comfortably below 
the critical range. The required minimum tensile strength for A490 bolts was set at 
170 ksi in order to provide a little more than a ten percent margin below 200 ksi; how- 
ever, because manufacturers must target their production slightly higher than the 
required minimum, A490 bolts close to the critical range of tensile strength must be 
anticipated. For black bolts this is not a cause for concern, but, if the bolt is 
galvanized, a hazard of delayed brittle fracture in service exists because of the real 
possibility of introduction of hydrogen into the steel during the pickling operation of 
the galvanizing process and the subsequent "sealing-in'' of the hydrogen by the zinc 
coating. ASTM specifications provide for the galvanizing of A325 bolts but not A490 
bolts. Galvanizing of A490 bolts is not permitted. 

The heat treatment temperatures for Type 2 ASTM A325 bolts is in the range of 
the molten zinc temperatures for hot-dip galvanizing; therefore there is a potential for 
diminishing the heat treated mechanical properties of Type 2 A325 bolts by the 
galvanizing process. For this reason, the Specifications require that such fasteners be 
tension tested after galvanizing to check the mechanical properties. Special attention 
should be given to specifying only Type 1 bolts for hot-dip galvanizing or to assuring 
that this requirement has not been overlooked if galvanized A325 bolts with Type 2 
head markings are supplied. Because it is recommended that A490 bolts not be hot- 
dip galvanized, a similar requirement is not part of the ASTM Specification for Type 
2 A490 bolts. 
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Nut Stripping Stsengt . Hot-dip galvanizing affects the stripping strength of the 
nut-bolt assembly primarily because to accomfnodate the relatively thick zinc coat- 
ings on bolt threads, it is usual practice to galvani~e the blank nut and then to tap the 
nut oversize after galvanizing. This overtapping results in a reduction in the amount 
of engagement between the steel portions of the male and female threads with a con- 
sequent approximately 25 percent reduction in the stripping strength. Only the 
stronger hardened nuts have adequate strength to meet specification requirements 
even with the reduction due to overtapping; therefore, ASTM A325 specifies that 
only Grades DH and 2H be used for galvanized nuts. This requirement should not be 
overlooked if non-galvanized nuts are purchased and then sent to a local galvanizer 
for hot-dip galvanizing. 

Effect of Galvanizin tening. Research3 has 
shown that, as galvanized, hot-dip galvanizing both increases the friction between the 
bolt and nut threads and also makes the torque induced tension much more variable. 
Lower torque and more consistent results are provided if the nuts are lubricated; thus, 
ASTM A325 requires that a galvanized bolt and a tapped oversize lubricated 
galvanized nut intended to be used with the bolt shall be assembled in a steel joint with 
a galvanized washer and tested in accordance with ASTM A536 by the manufacturer 
prior to shipment to assure that the galvanized nut with the lubricant provided may be 
rotated from the snug tight condition well in excess of the rotation required for full 
tensioning of the bolts without stripping. 

Shipping Requirements for Galvanized olts and Nuts. The above requirements 
clearly indicate that galvanized bolts and nuts are to be treated as an assembly and 
shipped together. Purchase of galvanized bolts and galvanized nuts from separate 
sources is not recommended because the amount of over tapping appropriate for the 
bolt and the testing and application of lubricant would cease to be under the control of 
a sjngle supplier and the responsibility for proper performance of the nutibolt assem- 
bly would become obscure. Because some of the lubricants used to meet the require- 
ments of ASTM Specification are water soluble, it is advisable that galvanized bolts 
and nuts be shipped and stored in plastic bags in wood or metal containers. 

Washers. The primary function of washers is to provide a hardened non-galling 
surface under the element turned in tightening for those installation procedures which 
depend upon torque for control. Circular hardened washers meeting the requirements 
of ASTM F436 provide an increase in bearing area of 45 to 55 percent over the 
area provided by a heavy hex bolt head or nut; however, tests have shown that standard 
thickness washers play only a minor role in distributing the pressure induced by the 
bolt pretension, except where oversize or short slotted holes are used. Hence, consid- 
eration is given to this function only in the case of oversize and short slotted holes. 
The requirement for standard thickness hardened washers, when such washers are 
specified as an aid in the distribution of pressure, is waived for alternate design fas- 
teners which incorporate a bearing surface under the head of the same diameter as the 
hardened washer; however, the requirements for hardened washers to satisfy the 
principal requirement of providing a non-galling surface under the element turned in 
tightening is not waived. The maximum thickness is the same for all standard washers 
up to and including 1'12 inch bolt diameter in order that washers may be produced 
from a single stock of material. 

3Birkemoe, FI C., and D. C. Herrschaft, "Bolted Galvanmd Bridges-Engineering Acceptance Near," 
Civil Engineering, A X E ,  April 1970. 
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The requirement that heat-treated washers not less than 5/16 inch thick be used to 
cover oversize and slotted holes in external plies, when A490 bolts of 1 I/x inch or 
larger diameter are used, was found necessary to distribute the high clamping pres- 
sure so as to prevent collapse of the hole perimeter and enable development of the 
desired clamping force. Preliminary investigation has shown that a similar but less 
severe deformation occurs when oversize or slotted holes are in the interior plies. The 
reduction in clamping force may be offset by "keying" which tends to increase the 
resistance to slip. These effects are accentuated in joints of thin plies. 

Marking. Heavy hex structural bolts and heavy hex nuts are required by ASTM 
Specifications to be distinctively marked. Certain markings are mandatory. In addi- 
tion to the mandatory markings the manufacturer may apply other distinguishing 
markings. The mandatory and optional markings are shownin Figure C2. 

/-J 
NOTE MANDATORY 

UNDERLINE 

NUT 

R IDENTIFICATION 

ARCS INDICATE /GRADE MARK (2) 
GRADE C D, DH, 2 OR ZH 

SAME AS N P E  1 

BOLT 

NOTE MANDATORY 
6 RADIAL LINES 

AT 30' 

, J - i J 3 )  

-NOTE MANDATORY 
UNDERLINE 

NUT 

DH OR 2H (2) 

SAME AS 
N P E  1 

(1) ADDiTlONAL OPTIONAL 3 RADIAL LINES AT 120" MAY BE ADDED. 
(2) TYPE 3 ALSO ACCEPTABLE 
(3) ADDITIONAL OPTIONAL MARK INDICATING WEATHERING GRADE MAY BE ADDED 

Fig. C2. Required murking for accepruble bolt and nut ussemblies 

Paint. In the previous edition of the Specification, generic names for paints applied 
to faying surfaces was the basis for categories of allowable working stresses in "fric- 
tion'' type connections. Research4 completed since the adoption of the 1980 Specifi- 
cation has demonstrated that the slip coefficients for paints described by a generic 
type are not single values but depend also upon the type vehicle used. Small differ- 
ences in formulation from manufacturer to manufacturer or from lot to lot with a sin- 
gle manufacturer, if certain essential variables within a generic type were changed, 
significantly affected slip coefficients; hence it is unrealistic to assign paints to cate- 
gories with relatively small incremental differences between categories based solely 
upon a generic description. As a result of the research, a test method was developed 

4Frank, Karl H. and 3.  A. Yura, "An Experiment=l Study of Bolted Shear Connections." 

FHWAIRD-811148, Dec. 1981. 
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and adopted by the Council titled "Test Method to Determine the Shp Coefficient for 
Coatings Used in Bolted Joints. " A copy of this document is appended to this Specifi- 
cation as Appendix A. The method, which requires requalification if an essential var- 
iable is changed, is the sole basis for qualification of any paint to be used under this 
Specification. Further, normally only 2 categories of slip coefficient for paints to be 
used in slip critical joints are recognized, Class A for coatings which do not reduce 
the slip coefficient below that provided by clean mill scale, and Class B for paints 
which do not reduce the slip coefficient below that of blast-cleaned steel surfaces. 

The research cited in the preceding paragraph also investigated the effect of 
varying the time from coating the faying surfaces to assembly of the connection and 
tightening the bolts. The purpose was to ascertain if partially cured paint continued to 
cure within the assembled joint over a period of time. It was learned that all curing 
ceased at the time the joint was assembled and tightened and that paint coatings that 
were not fully cured acted much as a lubricant would; thus, the slip resistance of the 
joint was severely reduced from that which was provided by faying surfaces which 
were fully cured prior to assembly. 

C3 Bolted Parts 

aterial within the Grip. The Specification is intended to apply to structural 
joints in which all of the material within the grip of the bolt is steel because predict- 
able and satisfactory performance of slip critical joints is dependent upon predictable 
and stable installed tension in the bolts. The Test Method to Determine the Slip Coef- 
ficient for Coatings Used in Bolted Joints includes long term creep test requirements 
to assure reliable performance for qualified paint coatings. However, it must be rec- 
ognized that in the case of hot dip galvanized coatings, especially if the joint consists 
of many plies of thickly coated material, relaxation of bolt tension may be significant 
and may require retensioning of the bolts subsequent to the initial tightening. 
Research5 has shown that a loss of pretension of approximately 6.5 percent for 
galvanized plates and bolts due to relaxation as compared with 2.5 percent for 
uncoated joints. This loss of bolt tension occurred in five days with negligible loss 
recorded thereafter. This loss can be allowed for in design or pretension may be 
brought back to the prescribed level by retightening the bolts after an initial period of 
"settling-in. " 

This Specification has permitted the use of bolt holes '116 inch larger than the 
bolts installed in them since it was first published. Research6 has shown that, where 
greater latitude is needed in meeting dimensional tolerances during erection, some- 
what larger holes can be permitted for bolts % inch diameter and larger without 
adversely affecting the performance of shear connections assembled with high- 
strength bolts. The oversize and slotted hole provisions of this Specification are based 
upon these findings. Because an increase in hole size generally reduces the net area of 
a connected part, the use of oversize holes is subject to approval by the Engineer. 

5Munse, W. H. ,  "Structural Behavior of Hot Galvanized Bolted Connections,'' 8th International 
Conference on Hot-dip Galvanizing," London, England, June 1967. 

6Allen, R. N . ,  and J. W. Fisher, "Bolted Joints With Oversize or Slotted Holes," J o ~ ~ z u l o f t h e  Stru(~1urd 
Division, ASCE, Val. 94, No. ST9, September 1968. 

7Polyzois, D. and J. A. Yura, "Effect of Burrs on Bolted Friction Connections," AISC Engi~zeering 
Jourrzal, Vol. 22,  No. 3 ,  Third Quarter 1985. 
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Burrs. Based upon tests,7 which demonstrated that the slip resistance of joints was 
unchanged or sl~ghtly improved by the presence of burrs, burrs which do not prevent 
solid seating of the connected parts in the snug tight condition need not be removed. 
On the other hand, parallel tests in the same program demonstrated that large burrs 
can cause a small increase in the required turns from snug tight condition to achieve 
specified pretension with turn-of-nut method of tightening. 

Unqualified Paint on Fayirag Surfaces. An extension to the research on the slip 
resistance of shear connections cited in footnote 4 investigated the effect of ordinary 
paint coatings on limited portions of the contact area within joints and the effect of 
overspray over the totai contact area. The tests demonstrated that the effective area 
for transfer of shear by friction between contact surfaces was concentrated in an 
annular ring around and close to the bolts. Paint on the contact surfaces approxi- 
mately one inch but not less then the bolt diameter away from the edge of the hole did 
not reduce the slip resistance. Because in connections of thick material involving a 
number of bolts on multiple gage lines, bolt pretension might not be adequate to com- 
pletely flatten and pull thick material into tight contact around every bolt, the Specifi- 
cation requires that all areas between bolts also be free of paint. See Figure C3. The 
new requirements have a potential for increased economy because the paint free area 
may easily be protected using masking tape located relative to the hole pattern, and 
further, the narrow paint strip around the perimeter of the faying surface will mini- 
mize uncoated material outside the connection requiring field touch up. 

This research also investigated the effect of various degrees of inadvertent over- 
spray on slip resistance. It was found that even the smallest amount of overspray of 
ordinary paint (that is, not qualified as Class A) within the specified paint free arca on 
clean mill scale reduced the slip resistance significantly. On blast cleaned surfaces, 
the presence of a small amount of overspray was not as detrimental. For simplicity, 
the Specification prohibits any overspray from areas required to be free of paint in 
slip-critical joints regardless of whether the surface is clean mill scale or blast 
cleaned. 

Circular area 
around all holes 

1" but not less than d 
d 
1" but not less than d 

and 

All areas 
in between 

Perimeter of contact 
area 

Areas outside the defined area need not 
be free of paint. 
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ces. The slip factor for initial slip with clean hot-dip 
galvanized surfaces is of the order of 0.19 as compared with a factor of about 0.35 for 
clean mill scale. However, research3 has shown that the slip factor of galvanized sur- 
faces is significantly improved by treatments such as hand wire brushing or light 
"brush-off" grit blasting. In either case, the treatment must be controlled in order to 
achieve the necessary roughening or scoring. Power wire brushing is unsatisfactory 
because it tends to polish rather than roughen the surface. 

Field experience and test results have indicated that galvanized members may 
have a tendency to continue to slip under sustained loading.8 Tests of hot-dip 
galvanized joints subject to sustained loading show a creep type behavior. Treatments 
to the galvanized faying surfaces prior to assembly of the joint which caused an 
increase in the slip resistance under short duration loads did not significantly improve 
the slip behavior under sustained loading. 

G4 Design for Strengt olted Connections 

Background for Design tresses. With this edition of the Specification, the arbi- 
trary designations "friction type" and "bearing type" connections used in former 
editions, and which were frequently misinterpreted as implying an actual difference 
in the manner of performance or strength of the two types of connection, are discon- 
tinued in order to focus attention more upon the real manner of performance of bolted 
connections. 

In bolted connections subject to shear type loading, the load is transferred 
between the connected parts by friction up to a certain level of force which is depen- 
dent upon the total clamping force on the faying surfaccs and the coefficient of fric- 
tion of the faying surfaces. The connectors are not subject to shear nor is the con- 
nected material subject to bearing stress. As loading is increased to a level in excess of 
the frictional resistance between the faying surfaces, slip occurs, but failure in the 
sense of rupture does not occur. As even higher levels of load are applied, the load is 
resisted by shear upon the fastener and bearing upon the connected material plus 
some uncertain amount of friction between the faying surfaces. The final failure will 
be by shear failure of the connectors or tear out of the connected material or unaccept- 
able ovalization of the holes. Final failure load is independent of the clamping force 
provided by the bolts.9 

Thus, the design of high-strength bolted connections under this Specification 
begins with consideration of strength required to prevent premature failure by shear 
of the connectors or bearing failure of the connected material. Next, for connections 
which are defined as "slip-critical" the resistance to slip at working load is checked. 
Because high clamping force with high coefficient of friction might mathematically 
exceed the ultimate shear or bearing of the fasteners, even though the fasteners would 
not be subject to shear or bearing prior to slip, and because the combined effect of 
frictional resistance with shear or bearing has not been systematically studied and is 
uncertain, the allowable force for slip critical connections conservatively must not 
exceed the lesser of the allowable loads determined by Section 4 or Section 5 of the 
allowable stress design specification. For LRFD, slip resistance is checked at service 
load. The resistance at service load is identical to the allowable stress for ASD. 

8~isher ,  J. W. and 3. H. A. Struik, Guide to Design Criteria,for Bolted and RivetedJoints, John Wiley & 
Sons, New York, 1974, Pg. 205 and 206. (Hereinafter referred to as the Guide.) 

9~bid . ,  pp. 49-52 
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Connection Slip. There are practical cases in the design of structures where slip of 
the connection is desirable in order to permit rotation in a joint or to minimize the 
transfer of moment. Additionally there are cases where, because of the number of 
fasteners in a joint, the probability of slip is extremely small or where, if slip did 
occur, it would not be detrimental to the serviceability of the structure. In order to 
provide for such cases while at the same time making use of the higher shear strength 
of high-strength bolts, as contrasted to ASTM A307 bolts, the Specification now per- 
mits joints tightened only to the snug tight condition. 

The maximum amount of slip that can occur in connections that are not classified 
as slip-critical under the Specification rules is limited theoretically to '116 inch. In 
most practical cases, however, the real magnitude of slip would probably be much 
less because the acceptable inaccuracies in the location of holes within a pattern of 
bolts would usually cause one or more bolts to be in bearing in the initial unloaded 
condition. Further, in statically loaded structures, even with perfectly positioned 
holes, the usual method of erection would cause the weight of the connected elements 
to put the bolts into direct bearing at the time the member is supported on loose bolts 
and the lifting crane is unhooked. Subsequent additional gravity loading could not 
cause additional connection slip. 

Connections classified as slip-critical include those cases where slip could theo- 
retically exceed '116 inch, and thus, possibly affect the suitability for service of the 
structure by excessive distortion or reduction in strength or stability even though the 
resistance to fracture of the connection, per se, may be adequate. Also included are 
those cases where slip of any magnitude must be prevented, for example, joints sub- 
ject to fatigue loading. 

Shear and Bearing on Fasteners. Several interrelated parameters influence the 
shear and bearing strength of connections. These include such geometric parameters 
as the net-to-gross-area ratio of the connected parts, the ratio of the net area of the 
connected parts to the total shear-resisting area of the fasteners, and the ratio of trans- 
verse fastener spacing to fastener diameter and the ratio of transverse fastener spac- 
ing to connected part thickness. In addition, the ratio of yield strength to tensile 
strength of the steel comprising the connected parts, as well as the total distance 
between extreme fasteners, measured parallel to the line of direct tensile force, play a 
part. 

In the past, a balanced design concept had been sought in developing criteria for 
mechanically fastened joints to resist shear between connected parts by means of 
bearing of the fasteners against the sides of the holes. This philosophy resulted in 
wide variations in the factor of safety for the fasteners, because the ratio of yield to 
tensile strength increases significantly with increasingly stronger grades of steel. It 
had no application at all in the case of very long joints used to transfer direct tension, 
because the end fasteners "unbutton" before the plate can attain its full strength or 
before the interior fasteners can be loaded to their rated shear capacity. 

By means of a mathematical model it was possible to study the interrelationship 
of the previously mentioned parameters. 10.11 It has been shown that the factor of 
safety against shear failure ranged from 3.3 for compact (short) joints to approxi- 
mately 2.0 for joints with an overall length in excess of 50 inches. It is of interest to 

Io~isher, J.W., and L. S. Beedle, "Analysis of Bolted Butt Joints,'' Journal ofrhe Structurd Division, 
ASCE, Vol. 91, No. ST5, October 1965. 

IGuide, pp. 84-107 and 123-127 
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note that the longest (and often the most important) joints had the lowest factor, Indi- 
cating that a factor of safety of 2.0 has proven satisfactory in service. 

The absence of any working stress or design strength provisions for the case 
where a bolt in double shear has a nonthreaded shank in one shear plane and a 
threaded section in the other shear plane recognizes that knowledge as to the bolt 
placement (which might leave both shear planes in the threaded section) is not ordi- 
narily available to the detailer. 

The allowable working stresses and corresponding design strengths for fasteners 
subject to applied tension or shear given in Table 2 are unchanged from the 1980 edi- 
tion of the Specification. The values are based upon the research and recommenda- 
tions reported in the Guide. With the wealth of data available, it was possible, 
through statistical analyses, to adjust allowable working stresses to provide uniform 
reliability for all loading and joint types. The design of connections is more conserva- 
tive than that of the connected members of buildings and bridges by a substantial mar- 
gin, in the sense that the failure load of the fasteners is substantially in excess of the 
maximum serviceability limit (yield) of the connected material. 

Design for Tension. The allowable working stresses and design strengths specified 
for applied tension12 are intended to apply to the external bolt load plus any tension 
resulting from prying action produced by deformation of the connected parts. When 
stressed in tension to the recommended working value (approximately equal to two- 
thirds of the initial tightening force), high-strength bolts tensioned to the require- 
ments of Table 4 will experience little if any actual change in stress. For this reason, 
bolts in connections in which the applied loads subject the bolts to axial tension are 
required to be fully tensioned even though the connection may not be subject to 
fatigue loading nor classified as slip-critical. 

Properly tightened A325 and A490 bolts are not adversely affected by repeated 
application of the recommended working tensile stress, provided the fitting material 
is sufficiently stiff, so that the prying force is a relatively small part of the applied ten- 
sion. 13 The provisions covering bolt tensile fatigue are based upon study of test 
reports of bolts that were subjected to repeated tensile load to failure. 

Design for Shear. The strength in shear is based upon the assumption of a ratio of 
shear strength to tensile strength of 0.6.14 In the allowable stress design specification, 
the allowable shear is based upon a factor of safety of approximately 2.35. Load and 
Resistance Factor Design uses nominal shear strength with a resistance factor of 0.65 
or 0.75, depending on the position of the shear plane relative to the bolt threads to 
establish the design shear strength. 

Design for Bearing Bearing stress produced by a high-strength bolt pressing 
against the side of the hole in a connected part is important only as an index to behav- 
ior of the connected part. It is of no significance to the bolt. The critical value can be 
derived from the case of a single bolt at the end of a tension member. 

121bid., pp. 257-276 

I31bid., pg. 266. 

I4Ibld., pp. 46-53. 
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It has been shown, 15 using finger-tight bolts, that a connected plate will not fail 
by tearing through the free edge of the material if the distance L, measured parallel to 
the line of applied force from a single bolt to the free edge of the member toward 
which the force is directed, is not less than the diameter of the bolt multiplied by the 
ratio of the bearing stress to the tensile strength of the connected part. 

Providing a factor of safety of 2.0, the working stress design criterion given in 
4(b) is 

L/d 2 2 (Fp/Fu) . 
where 

Fp = allowable working stress in bearing. 
F, = specified minimum tensile strength of the connected part. 

When using factored loads, the load and resistance factor criterion given in 4(b) is 

where 
R, nominal bearing pressure. 
F, = specified minimum tensile strength of the connected part 

As a practical consideration, a lower limit of 1.5 is placed on the ratio L/d and an 
upper limit of 1.5 on the ratio FP/F;, and an upper limit of 3.0 on the ratio R,,/F,,. 

The foregoing leads to the rules governing bearing strength in both versions of 
the specification. The permitted bearing pressure in the 1980 Specification and the 
current provisions are fully justifiable from the standpoint of strength of thc con- 
nected material. However, recent tests have demonstrated that severe ovalization of 
the hole will begin to develop, even though rupture does not occur, as bearing stress is 
increased beyond the previously permitted stess, especially if it is combined with 
high-tensile stress on the net section. Thus, the rules for bearing strength have been 
revised to provide increased conservatism, unless special consideration is given to the 
effect of possible hole ovalization. 

For connections with more than a single bolt in the direction of force, the resist- 
ance may be taken as the sum of the resistances of the individual bolts. 

C5 Design Check for Slip Resistance 

The Specification recognizes that, for a significant number of cases, slip of the joint 
would be undesirable or must be precluded. Such joints are termed "slip-critical" 
joints. This is somewhat different from the previous term "friction type" connection 
because it recognizes that all tensioned high-strength bolted joints resist load by fric- 
tion between faying surfaces up to the slip load and subsequently are able to resist 
even greater loads by shear and bearing. The Specification requires that, in addition 
to assuring that the connection has adequate strength, the design of slip-critical joints 
be checked to assure that slip will not occur at working load. 

It must be recognized that the formula for P, in 5(b) is for connections subject to a 
linear load. For cases in which the load tends to rotate the connection in the plane of 
the faying surface, a modified formula accounting for the placement of bolts relative 
to the center of rotation should be used. 

The safety index for serviceability considerations has traditionally been less than 
that required for strength considerations. In the consideration of the consequences of 
slip of bolts into bearing, a single criterion cannot apply. In the case of bolts in holes 

IrIbid.. pg. 137 
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affording only small clearance as In standard holes, oversize holes, slotted holes 
loaded transvcrse to the axis of the slot and short slotted holes loaded parallel to the 
axis of the slot, the consequences of slip are trivial except for fatigue applications. In 
the case of slip critical connections in which load is applied to bolts parallel to the axis 
of a long slot in which they are installed, it is conceivable that failure by slip could 
lead to critical geometric distortions of the frame, endangering the strength of the 
structure, even though danger of strength failure of the connection does not exist. 

Extensive test data developed through research sponsored by the Council and 
others have made possible a statistical analysis of the slip probability of connections 
tensioned to the requirements of Table 4. The frequency distribution and mean value 
of clamping force for bolts tightened by the calibrated wrench method16 is due to vari- 
ation in the torque-tension ratio from bolt to bolt, the tolerance on wrench perform- 
ance, hole type and human error. Both the variation in the slip coefficient (or degree 
of surface roughness) and the frequency distribution of the magnitude of clamping 
force provided by A325 and A490 bolts in the connection were considered. 17 

In the 1978 edition of this Specification, nine classes of faying surface conditions 
were introduced and significant increases were made in the recommended working 
stresses for proportioning connections which function by transfer of shear between 
connected parts by friction. These classes and the stresses were adopted on the basis 
of statistical evaluation of the information then available. 

Theallowable stresses or nominal resistances for bolts in standard holes in Table 3 of 
these Specifications were developed for a 10 percent probability of slip considering only 
faying surface treatmeht and bolt clamping force. This is analagous to the product of the 
resistance factor and the nominal strength (4R) used in reliability concepts. 18 The bolt 
clamping force was based upon calibrated wrench method of installation using the 
clamping force variation shown in Figure 5.8 of the Guide. An examination of the slip 
coefficient for a wide range of surface conditions, including additional data developed 
durlng the past ten years,4 indicate that the variability for each surface class was about the 
same (a=0.007 to 0.09). Rather than providing a separate class for each of the individual 
surface conditions, the surface conditions with approximately the same mean values 
were grouped into three classes, with mean slip coefficients of O.33,0.40 and 0.50. The 
revised edition of the Guide is scheduled for printing in 1986. Table 5.5 of the revised 
edition provides the equivalent shear stress values for mean slip coefficients between 0.2 
and 0.6, with calibrated wrench installation. Mean values for turn-of-nut method of 
installation are provided in Table 5.4. 

Because of the effects of oversize and slotted holes on the induced tension in bolts 
using any of the specified installation methods, lower loads are provided in Table 3 
for bolts in these hole types. In the case of bolts in long slotted holes, even though the 
slip load is the same for bolts loaded transverse or parallel to the axis of the slot, the 
load for bolts loaded parallel to the axis has been further reduced in recognition of the 
greater consequences of slip. 

IhGuide, pg. 82, Fig. 5.8. 

' T h e  probability distribution function of the product of two independent random variables can be 
determined using standard statistical techniques as outlined, for example, in "Introductory ~ r o b a b i l i t ~  and 
Statistical Applications," by I? L. Meyer, Addison Publishing Company, 1965. 

IXFisher, J. W., eta1 "Load and Resistance Design Criteria for Connectors," Journal of the Structural 
Division, ASCE, Vol. 104, No. ST9, September 1978. 
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The frequency distribution and mean value of clamping force for bolts tightened 
by turn-of-nut method are higher, due to the elimination of variables which affect 
torque-tension ratios and to higher-than-specified minimum strength of production 
bolts. Because properly applied turn-of-nut installation induces yield point strain in 
the bolt, the higher-than-specified yield strength of production bolts will be mobi- 
lized and result in higher clamping force by the method. On the other hand, 'with the 
calibrated wrench method, which is dependent upon the calibration of wrenches in a 
tension indicating device independent of the actual bolt properties, any additional 
strength of production bolts will not be mobilized. High clamping force might be 
achieved by the calibrated wrench method if the wrench was set to a higher torque 
value. However, this would require more attention to the degrees of rotation (because 
the limitation on the maximum rotation of the nut specified in the second paragraph of 
8(d)(2) to prevent excessive deformation of the bolt would control more often), 
otherwise a torsional bolt failure might result. Because of the increased clamping 
force, connections having bolts installed by turn-of-nut method provide a greater 
resistance to slip (lower probability of slip). 

Connections of the type shown in Figure C4(a), in which some of the bolts (A) 
lose a part of their clamping force due to applied tension, suffer no overall loss of fric- 
tional resistance. The bolt tension produced by the moment is coupled with a compen- 
sating compressive force (C) on the other side of the axis of bending. In a connection 
of the type shown in Figure C4(b), however, all fasteners (B) receive applied tension 
which reduces the initial compression force at the contact surface. If slip under load 
cannot be tolerated, the design slip load value of the bolts in shear should be reduced 
in proportion to the ratio of residual axial force to initial tension. If slip of the joint can 
be tolerated, the bolt shear stress should be reduced according to the tension-shear 
interaction as outlined in the Guide page 69. Because the bolts are subject to applied 
axial tension, they are required to be pretensioned in either case. 

Figure C4 

While connections with bolts pretensioned to the levels specified in Table 4 do 
not ordinarily slip into bearmg against the sides of the hole when subjected to the 
allowable loads of Table 3, it is required that they meet the requirements for allowable 
stress in Table 2 in order to maintain the factor of safety of 2 against fracture in the 
event that the bolts do slip into bearing as a result of large unforeseen loads. 

To cover those cases where a coefficient of friction less than 0.33 might be ade- 
quate for a given situation the Specification provides that, subject to the approval of 
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the Engineer, and provided the mean slip coefficient is determined by the specified 
test procedure allowable slip loads or nominal resistances less than those provided by 
Class A faying surface coating may be used. 

It should be noted that both Class A and Class B coatings are required to be 
applied to blast cleaned steel. 

olts in Combination with or Rivets. For high-strength 
bolts in combination with welds in statically loaded conditions, the allowable load or 
nominal strength may be taken as the sum of two contributions. 19 One results from 
the slip resistance of the bolted parts and may be determined in accordance with Sec- 
tion 5(b). The second results from the resistance of the welds and may be determined 
on the basis of the allowable stresses for welds given in the applicable specifications. 

For high-strength bolts in combination with welds in fatigue loaded applications, 
data available are not sufficient to develop general design recommendations at this 
time. High-strength bolts in combination with rivets are rarely encountered in mod- 
ern practice. If need arises, guidance may be found in the Guide. 

C7 Design Details of Bolted Connections 

A new section has been added with this edition of the Specification in order to bring 
together a number of requirements for proper design and detailing of high-strength 
bolted connections. The material covered in the Specification, and Section 7 in partic- 
ular, is not intended to provide comprehensive coverage of the design of high- 
strength bolted connections. For example, other design considerations of importance 
to the satisfactory performance of the connected material such as block shear, shear 
lag, prying action, connection stiffness, effect on the performance of the structure 
and others are beyond the scope of this Specification and Commentary. 

Proper location of hardened washers is as important as other elements of a detail 
to the peformance of the fasteners. Drawings and details should clearly reflect the 
number and disposition of washers, especially the thick hardened washers that are 
required for several slotted hole applications. Location of washers is a design consid- 
eration which should not be left to the experience of the iron worker. 

Finger shims are a necessary device or tool of the trade to permit adjusting align- 
ment and plumbing of structures. When these devices are fully and properly inserted, 
they do not have the same effect on bolt tension relaxation or the connection perform- 
ance as do long slotted holes in an outer ply which is the basis for allowable design 
stresses. When fully inserted, the shim provides support around approximately 75 
percent of the perimeter of the bolt in contrast to the greatly reduced area that exists 
with a bolt centered in a long slot. Further, finger shims would always be enclosed on 
either side by the connected material which would be fully effective in bridging the 
space between the fingers. 

6 8  Installation and Tightening 

Several methods for installation and tensioning of high-strength bolts, when tension- 
ing is required, are provided without preference in the Specification. Each method 
recognized in Section 8, when properly used as specified, may be relied upon to pro- 
vide satisfactory results. All methods may be misused or abused. 

At the expense of redundancy, the provisions stipulating the manner in which 
each method is intended to be used is set forth in complete detail in order that the rules 

-- 
"Guide, pp. 238 to 240. 
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for each method may stand alone without need for footnotes or reference to other sec- 
tions. If the methods are consc~entiously implemented, good results should be rou- 
tinely achieved. 

Connections not Requiring Full Tensioning. In the Commentary, Section C6 of 
the previous edition of the Specification it was pointed out that "bearing" type con- 
nections need not be tested to assure that the specified pretension in the bolts had been 
provided, but specific provision permitting relaxation of the tensioning requirement 
was not contained in the body of the Specification. In this edition of the Specification, 
separate installation procedures are provided for bolts that are not within the slip- 
critical or direct tension category. The intent in making this change is to improve the 
quality of bolted steel construction and reduce the frequency of costly controversies 
by focusing attention, both during the installation and tensioning phase and during 
inspection, on the true slip-critical connections rather than diluting the effort through 
the requirement for costly tensioning and tension testing of the great many connec- 
tions where such effort serves no useful purpose. The requirement for identification 
of connections on the drawings may be satisfied either by identifying the slip-critical 
and direct tension connections which must be fully tightened and inspected or by 
identifying the connections which need be tightened only to the snug tight condition. 

In the Specification, snug tight is defined as the tightness that exists when all 
plies are in firm contact. This may usually be attained by a few impacts of an impact 
wrench or the full effort of a man using an ordinary spud wrench. In actuality, snug 
tight is a degree of tightness which will vary from joint to joint depending upon the 
thickness and degree of parallelism of the connected material. In most joints the plies 
will pull together; however, in some joints, it may not be possible at snug tight to have 
contact throughout the faying surface area. 

Tension Calibrating Devices. At the present time, there is no device or economical 
means for determining the actual tension in a bolt that is installed in a connection. 
However, the actual tension in a bolt installed in a tension calibrator (hydraulic ten- 
sion indicating device) is directly indicated by the dial of the device. Thus, such a 
device is an economical and valuable tool that should be readily available whenever 
high-strength bolts in slip critical joints or bolts subject to applied axial tension are to 
be tensioned to the pretension specified in Table 4. Although each element of a fas- 
tener assembly may conform to the minimum requirements of their separate ASTM 
specifications, their cornpatability in an assembly or the need for lubrication can only 
be assured by testing the assembly. Therefore, such devices are important for testing 
the complete fastener assembly as it will be used with any method of tightening to 
assure the suitability of bolts and nuts (probably produced by different manufactur- 
ers), as well as other elements, and the ability of the assembly to provide the specified 
tension using the selected method. Testing before starting to install fasteners in the 
work will also identify potential sources of problems, such as the need for lubrication, 
weakened nuts due to excessive over tapping in the case of galvanized nuts, or failure 
of bolts subject to combined torque and tension due to over strength load indicators, 
and to clarify, for the bolting crews and inspectors, the proper implementation of the 
selected installation method to be used. Such devices are essential to the specified 
procedure for the calibrated wrench method of installation and for specified proce- 
dure for arbitration inspection when such inspection is required. 

Experience on many projects has shown that bolts and/or nuts not meeting the 
requirements of the applicable ASTM specification, but which were intended for 
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installation by turn-of-nut method, would have been identified prior to installation; 
thus saving the controversy and great expense of replacing bolts installed in the struc- 
ture when difficulties were discovered at a later date. 

Hydraulic tension calibrating devices capable of indicating bolt tension undergo 
a slight deformation under load. Hence the nut rotation corresponding to a given ten- 
sion reading may be somewhat larger than it would be if the same bolt were tightened 
against a solid steel abutment. Stated differently, the reading of the calibrating device 
tends to underestimate the tension which a given rotation of the turned element would 
induce in a bolt in an actual joint. This should be borne in mind when using such 
devices to establish a tension-rotation relationship. 

Slip-critical Connections and Connections Sn ect to Direct Tension. Four 
methods for joint assembly and tightening are provided for slip-critical and direct ten- 
sion connections. Regardless of the method used, it should be demonstrated prior to 
the commencement of work that the procedure to be used with the fasteners to be used 
and by the crews who will be doing the work that the specified pretension is achieved. 
For this reason, it is a requirement that a tension measuring device be provided at the 
job site. 

With any of the four described tensioning methods, it is important to install bolts 
in all holes of the connection and bring them to an intermediate level of tension gener- 
ally corresponding to snug tight in order to compact the joint. Even after being fully 
tightened, some thick parts with uneven surfaces may not be in contact over the entire 
faying surface. This is not detrimental to the performance of the joint. As long as the 
specified bolt tension is present in all bolts of the completed connection, the clamping 
force equal to the total of the tensions in all bolts will be transferred at the locations 
that are in contact and be fully effective in resisting slip through friction. If however, 
bolts are not installed in all holes and brought to an intermediate level of tension to 
compact the joint, bolts which are tightened first will be subsequently relaxed by the 
tightening of the adjacent bolts. Thus the total of the forces in all bolts will be reduced 
which will reduce the slip load whether there is uninterrupted contact between the 
surfaces or not. 

With all methods, tightening should begin at the most rigidly fixed or stiffest 
point and progress toward the free edges, both in the initial snugging up and in the 
final tightening. 

Turn-of-Nut-Tightening. When properly ~mplemented, turn-of-nut method pro- 
vides more uniform tension in the bolts than does torque controlled tensioning meth- 
ods because it is primarily dependent upon bolt elongation slightly into the inelastic 
range. 

Consistency and reliability is dependent upon assuring that the joint is well com- 
pacted and all bolts at a snug tight condition prior to application of the final required 
partial turn. Reliability is also dependent upon assuring that the turn that is applied is 
relative between the bolt and nut; thus the element not turned in tightening should be 
prevented from rotating while the required degree of turn is applied to the turned ele- 
ment. Reliability and inspectability of the method may be improved by having the 
outer face of the nut match-marked to the protruding end of the bolt after the joint has 
been snug tightened but prior to final tightening. Such marks may be applied by the 
wrench operator using a crayon or dab of paint. Such marks in their relatively dis- 
placed position after tightening will afford the inspector a means for noting the rota- 
tion that was applied. 
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Some problems with turn-of-nut tightening encountered with galvanized bolts 
have been attributed to especially effective lubricant applied by the manufacturer to 
meet ASTM Specification requirements. Job site tests in the tension indicating device 
demonstrated the lubricant reduced the coefficient of friction between the bolt and 
nut to the degree that "the full effort of a man using an ordinary spud wrench" to snug 
tighten the joint actually induced the full required tension. Because the nuts could be 
removed by an ordinary spud wrench they were erroneously judged improperly tight- 
ened by the inspector. Research5 confirms that lubricated high-strength bolts may 
require only one-half as much torque to induce the specified tension. For such situa- 
tions, use of a tension indicating device and the fasteners being installed may be help- 
ful in establishing alternate criteria for snug tight at about one-half the tension 
required by Table 4. 

Because reliability of the method is independent of the presence or absence of 
washers, washers are not required except for oversize and slotted holes in an outer 
ply. Thus, in the absence of washers, testing after the fact using a torque wrench 
method is highly unreliable. That is, the turn-of-nut method of installation, properly 
applied, is more reliable and consistent than the testing method. The best method for 
inspection of the method is for the inspector to observe any job site confirmation test- 
ing of the fasteners and the method to be used followed by monitoring of the work in 
progress to assure that the method is routinely properly applied. 

ethod. Research has demonstrated that scatter in induced 
tension is to be expected when torque is used as an indirect indicator of tension. 
Numerous variables, which are not related to tension, affect torque. For example, the 
finish and tolerance on bolt threads, the finish and tolerance on the nut threads, the 
fact that the bolt and nut may not be produced by the same manufacturer, the degree of 
lubrication, the job site conditions contributing to dust and dirt or corrosion on the 
threads, the friction that exists to varying degree between the turned element and the 
supporting surface, the variability of the air pressure on the torque wrenches due to 
length of air lines or number of wrenches operating from the same source, the condi- 
tion and lubrication of the wrench which may change within a work shift and other 
factors all bear upon the relationship between torque and induced tension. 

Recognition of the calibrated wrench method of tightening was removed from 
the Specification with the 1980 edition. This action was taken because it is the least 
reliable of all methods of installation and many costly controversies had occured. It is 
to be suspected that short cut procedures in the use of the calibrated wrench method of 
installation, not in accordance with the Specification provisions, were being used. 
Further, torque controlled inspection procedures based upon "standard" or calcu- 
lated inspection torques rather than torques determined as required by the Specifica- 
tion were being routinely used. These incorrect procedures plus others had a 
compounding effect upon the uncertainty of the installed bolt tension, and were 
responsible for many of the controversies. 

It is recognized, however, that if the calibrated wrench method is implemented 
without short cuts as intended by the Specification, that there will be a ninety percent 
assurance that the tensions specified in Table 4 will be equaled or exceeded. Because 
the Specification should not prohibit any method which will give acceptable results 
when used as specified, the calibrated wrench method of installation is reinstated in 
this edition of the Council Specification. However, to improve upon the previous sit- 
uation, the 1985 version of the Specification has been modified to require better con- 
trol. Wrenches must be calibrated daily. Hardened washers must be used. Fasteners 
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must be protected from dirt and moisture at the job site. Additionally, to achieve reli- 
able results attention should be given to the control, insofar as it is practical, of those 
controllable factors which contribute to variability. For example, bolts and nuts 
should be purchased from single sources, insofar as practical, to minimize the varia- 
bility of the fit. Bolts and nuts should be adequately and uniformly lubricated. Water 
soluble lubricants should be avoided. 

Installation of Alternate Design asteners. It is the policy of the Council to recog- 
nize only fasteners covered by ASTM Specifications, however, it cannot be denied 
that a general type of alternate design fastener, produced by several manufacturers, 
are used on a significant number of projects as permitted by Section 2(d). The bolts 
referenced involve a splined end extending beyond the threaded portion of the bolt 
which is gripped by a special design wrench chuck providing a means for turning the 
nut relative to the bolt until the splined end is sheared off. While such bolts are subject 
to many of the variables affecting torque mentioned in the preceding section, they are 
produced and shipped by the manufacturers as a nut-bolt assembly under good quality 
control which apparently minimizes some of the negative aspects of the torque con- 
trolled process. 

While these alternate design fasteners have been demonstrated to consistently 
provide tension in the fastener meeting the requirements of Table 5 in controlled tests 
in tension indicating devices, it must be recognized that the fastener may be misused 
and provide results as unreliable as those with other methods. The requirements of 
this Specification and the installation requirements of the manufacturer's specifica- 
tion required by Section 2(d) must be adhered to. 

As with other methods, a representative sample of the bolts to be used should be 
tested to assure that they do, in fact, when used in accordance with the manufacturer's 
instructions, provide tension as specified in Table 5. In actual joints, bolts must be 
installed in all holes of a connection and all fasteners tightened to an intermediate 
lev'er'of tension adequate to pull all material into contact. Only after this has been 
accomplished should the fasteners be fully tensioned in a systematic manner and the 
splined end sheared off. The sheared off splined end merely signifies that at some 
time the bolt has been subjected to a torque adequate to cause the shearing. If the fas- 
teners are installed and tensioned in a single continuous operation, they will give a 
misleading indication to the inspector that the bolts are properly tightened. There- 
fore, the only way to inspect these fasteners with assurance is to observe the job site 
testing of the fasteners and installation procedure and then monitor the work while in 
progress to assure that the specified procedure is routinely followed. 

dicator Tightening. Proprietary load indicating devices, not yet 
covered by an ASTM Specification, but recognized under this Specification in Sec- 
tion 2(f) are being specified and used in a significant number of projects. The 
referenced device is a hardened washer incorporating several small formed arches 
which are designed to deform in a controlled manner when subjected to load. These 
load indicator washers are the single device known which is directly dependent upon 
the tension load in the bolt, rather than upon some indirect parameter, to indicate the 
tension in a bolt. 

As with the alternate design load indicating bolts, load indicating washers are 
dependent upon the quality control of the producer and proper use in accordance with 
the manufacturer's installation procedures and these Specifications. Load indicator 
washers delivered for use in a specific application should be tested at the job site to 
demonstrate that they do, in fact, provide a proper indication of bolt tension, and that 
they are properly used by the bolting crews. Because the washers depend upon an 
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irreversible mechanism (inelastic deformation of the formed arches) bolts together 
with the load indicator washer plus any other washers required by Specification 
should be installed in all holes of the connection and the bolts tightened to approxi- 
mately one-half the specified tension. Only after this initial tightening operation 
should the bolts be fully tensioned in a systematic manner. If the bolts are installed and 
tensioned in a single continuous operation, the load indicator washers will give the 
inspector a misleading indication that bolts are properly tightened. Therefore, the 
only way to inspect fasteners with which load indicator washers are used with assur- 
ance is to observe the job site testing of the devices and installation procedure and 
then routinely monitor the work in progress to assure that the specified procedure is 
followed. 

During installation care must be taken to assure that the indicator nubs are ori- 
ented to bear against the hardened bearing surface of the bolt head or against an extra 
hardened flat washer if used under the nut. 

C9 Inspection 

It is apparent from the commentary on installation procedures that the inspection pro- 
cedures giving the best assurance that bolts are properly installed and tensioned is 
provided by inspector observation of the calibration testing of the fasteners using the 
selected installation procedure followed by monitoring of the work in progress to 
assure that the procedure which was demonstrated to provide the specified tension is 
routinely adhered to. When such a program is followed, no further evidence of 
proper bolt tension is required. 

However, if testing for bolt tension using torque wrenches is conducted subse- 
quent to the time the work of installation and tightening of bolts is performed, the test 
procedure is subject to all of the uncertainties of torque controlled calibrated wrench 
installation. Additionally, the absence of many of the controls necessary to minimize 
variablity of the torque to tension relationship, which are unnecessary for the other 
methods of bolt installation, such as, use of hardened washers, careful attention to 
lubrication and the uncertainty of the effect of passage of time and exposure in the 
installed condition all reduce the reliability of the arbitration inspection results. The 
fact that it may, of necessity, have to be based upon a job test torque determined by 
bolts only assumed to be representative of the bolts in the actual job or bolts removed 
from completed joints, in many cases, makes the test procedure less reliable than a 
properly implemented installation procedure it is used to verify. Other verification 
inspection procedures available at this time are more accurate but too costly and time 
consuming for all but the most critical structural applications. The arbitration inspec- 
tion procedure contained in the Specification is provided, in spite of its limitations, as 
the most feasible available at this time. 





The intention of the AISC Specification is to cover the common everyday design cri- 
teria in routine design office usage. It is not feasible to also cover the many special 
and unique problems encountered within the full range of structural design practice. 
This separate Specification and Commentary addresses one such topic-single-angle 
members-to provide needed design guidance for this more complex structural 
shape under various load and support conditions. 

The single-angle Allowable Stress Design criteria were developed through a consen- 
sus process by a balanced ad-hoc Committee on Single Angle Members: 
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The assistance of the Structural Stability Research Council Task Group on Single 
Angles in the preparation and review of this document is acknowledged. 

In addition, the full AISC Committee on Specifications has reviewed and endorsed 
this Specification. 

The reader is cautioned that professional judgment must be exercised when data or 
recommendations in this Specification are applied. The publication of the material 
contained herein is not intended as a representation or warranty on the part of the 
American Institute of Steel Construction, Inc.-or any other person named herein- 
that this information is suitable for general or particular use, or freedom from in- 
fringement of any patent or patents. Anyone making use of this information assumes 
all liability arising from such use. The design of structures is within the scope of ex- 
pertise of a competent licensed structural engineer, architect or other licensed pro- 
fessional for the application of principles to a particular structure. 

1. SCOPE 

This document contains allowable stress design criteria for hot-rolled, single-angle 
members with equal and unequal legs in tension, shear, corn 
combined stresses. It is intended to be compatible with, and a supplement to, the 



1989 AISC S for Structural Steel dings-Allowable Stress Design 
(AISC ASD) s some common crite r ease of reference. For design 
purposes, several conservative si plifications and approximations were made in the 
Specification provisions for single-angles which can be refined through a more pre- 
cise analysis. 

The Specification for single-angle design supersedes any comparable but more gen- 
eral requirements of the AISC ASD. All other esign, fabrication and erection pro- 
visions not directly covered by this document shall be in compliance with the AISC 
ASD. For design of slender, cold-formed steel angles, the current AISI Spec@cation 
for the Design of Cold-formed Steel Structural Members is applicable. 

The allowable tension stress E; shall not exceed 0.64 on the gross area A,, nor 0.50Fu 
on the effective net area A,. 

a. For members connected by bolting, the net area and effective net area shall be 
determined from AISC ASD Specification Sects. B1 to B3 inclusive. 

b. When the load is transmitted by longitudinal or a combination of longitudinal 
and transverse welds through just one leg of the angle, the effective net area 
shall be 

A, = 0.85Ag (2-1) 

c. When load is transmitted by transverse weld through just one leg of the angle, 
A, is the area of the connected leg. 

For members whose design is based on tensile force, the slenderness ratio Llr prefer- 
ably should not exceed 300. Members which have been designed to perform as ten- 
sion members in a structural system, but may experience some compression, need 
not satisfy the compression slenderness limits. 

The allowable shear stress due to flexure and torsion shall be: 

The allowable compressive stress on the gross area of axially compressed members 
shall be: 

when Kllr < Ci 

when Kllr > Ci 

Fa = 
12 7-r ' E  

23 (Kllr)' 



where 
KlIr = largest effective slenderness ratio of any unbraced length as defined in 

AISC ASD Specification Sect. E l  

The reduction factor Q shall be: 

when blt 5 761 fly 
Q = 1  

when 761 q < blt < 1551 

Q = 1.340 - 0.00447 (blt) fly (4-3b) 

when blt 2 1551 fl 
Q = l5,500/[F, (bit)'] 

where 

b = full width of the longest angle leg 
t = thickness of angle 

For short, thin or unequal leg angles, flexural-torsional buckling may produce a sig- 
nificant reduction in strength. n such cases, the allowable stress shall be determined 
by the previous equations substituting an equivalent slenderness ratio (Kllr),,,, for 
Kl lr 

(.Kl/r),quiv = n (4-4) 

where F, is the elastic buckling strength for the flexural-torsional mode. 

For members whose design is based on compressive force, the largest effective slen- 
derness ratio preferably should not exceed 200. 

The allowable bending stress limits of Sect. 5.1 shall be used as indicated in Sects. 
5.2. and 5.3. 

e minimum allowable value Fb determined from 
Sects. 5.1.1, 5.1.2 and 5.1.3, as applicable. 

-1.1. To prevent local buckling when the tip of an angle leg is in compression, 

when blt 5 651 fl: 
Fb = 0.665 (5-la) 

when 651 fl < blt 5 761 q: 

when blt > 761 q: 
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where 

b = full width of angle leg in compression 
Q = stress reduction factor per Eq. (4-3a), ( 

An angle leg shall be considered to be in compression if the tip of the angle leg 
is in compression, in which case the calculated stress fb at the tip of this leg is 
used. 

5.1.2. For the tip of an angle leg in tension 

Fb = 0 . 6 6 4  

5.1.3. To prevent lateral-torsional buckling, the maximum compression stress 
shall not exceed: 

when Fob 5 4 
Fb = [0.55 - 0.10 Fob/G] Fob (5-3a) 

when Fob > 4 
Fb = [0.95 - 0.50 m] 5 5 0.665 (5-3b) 

where 

Fb =allowable bending stress at leg tip, ksi 
Fob =elastic lateral-torsional buckling stress, from Sect. 5.2 or 5.3 as appli- 

cable, ksi 
F, =yield stress, ksi 

a. Angle bending members with lateral-torsional restraint of leg in compres- 
sion along the length may be designed on the basis of geometric axis bend- 
ing with stress limited by the provisions of Sects. 5.1.1 and 5.1.2. 

b. For equal leg angles if the lateral-torsional restraint of leg in compression 
is only at the point of maximum moment, the stress, Jib, is calculated on the 
basis of geometric axis bending limited by F, in Sect. 5.2.2b. 

5.2.2. Equal leg angle members without lateral-torsional restraint subjected to 
flexure applied about one of the geometric axes may be designed considering 
only geometric axis bending provided: 

a. The calculated compressive stress fb, using the geometric axis section mod- 
ulus, is increased by 25%. 

b. For the angle leg tips in compression, the allowable bending stress Fb is de- 
termined according to Sect. 5.1.3, where 



and by blt provisions in Sect. 5.1.1. When the leg tips are in tension, Fb is 
determined only by Sect. 5.1.2. 

4 =unbraced length, in. 
Cb =1.75 + 1.05(MllM2) + 0 . 3 ( ~ ~ / M ~ ) ~  5 1.5 where 1M, is the smaller 

and M, the larger end moment in the unbraced segment of the 
beam; (MllM2) is positive when the moments cause reverse curva- 
ture and negative when bent in single curvature. Cb shall be taken as 
unity when the bending moment at any point within an unbraced 
length is larger than at both ends of its length. 

'3. Unequal leg angle members without lateral-torsional restraint subjected 
to bending about one of the geometric axes shall be designed using 5.3.  

5.3. Bending about 

Angles without lateral-torsional restraint shall be designed considering principal- 
axis bending except for cases covered by Sect. 5.2.2. Bending about both of the 
principal axes shall be evaluated using the interaction equations in AISC ASD 
Specification Sect. H I .  

.I. Equal leg angles 

a. Major axis bending 

The principal bending compression stress fbw shall be limited by Fb in Sect. 
5.1.3, where 

and by blt provisions in Sect. 5.1.1. 

b. Minor axis bending 

The principal bending stress fb, shall be limited by Fb in Sect. 5.1.1 when 
the leg tips are in compression, and by Sect. 5.1.2 when the leg tips are in 
tension. 

5.3.2. Unequal leg angles 

a. Major axis bending 

The principal bending compression stress fbw shall be limited by Fb in Sect. 
5.1.3,  where 

Fob = 1437100'z cb [v PI: + 0.052 ( t t ~ r ~ ) ~  + pW] swe2 (5-6) 

and by blt provisions in Sect. 5.1.1 for the compression leg. 

section modulus to tip of leg in compression, in.3 
minor principal axis moment of inertia, in.4 
radius of gyration for minor principal axis, in. 

[k 1, I()$ + z2)dA - 2z0, special section property for unequal 



leg angles, positive for short leg in compression and negative for Bong 
ression, in. (see Go mentary for values). If the long leg is 

in compression anywhere along the unbraced length of the member, use 
the negative values of p,, in. 

z, = coordinate along z axis of the shear center with respect to centroid, in. 
I,,, = major principal axis moment of inertia, in.4 

b. Minor axis bending 

The principal bending stress fbz shall be limited by Fb in Sect. 5.1.1 when 
leg tips are in compression and by Sect. 5.1.2 when the leg tips are in ten- 
sion. 

Members subjected to both axial compression and bending shall satisfy the re- 
quirements of AISC ASD Specification Sect. 1, subject to the following conditions: 

6.1 .I.  In evaluating AISC ASD Specification Eqs. (HI-1) or (HI-2), the maxi- 
mum compression bending stresses due to each moment acting alone must be 
used even though they may occur at different cross sections of the member. 

.1.2. AISC ASD Specification Eq. ( 1-2) is to be evaluated at the critical 
member support cross section and need not be based on the maximum moments 
along the member length. 

.I .3. For members constrained to bend about a geometric axis with compres- 
sive stress and allowable stress determined per Sect. 5.2.1a, the radius of gyra- 
tion rb for F,' shall be taken as the geometric axis value. 

6.1.4. For equal leg angles without lateral-torsional restraint along the length 
and with bending applied about one of the geometric axes, the provisions of 
Sect. 5.2.2 shall apply for the calculated and allowable bending stresses. If Sect. 
5.2.lb or 5.2.2 is used for Fb, the radius of gyration about the axis of bending rb 
for F,' should be taken as the geometric axis value of r divided by 1.35 in the ab- 
sence of a more detailed analysis. 

.1.5. For members that do not meet the conditions of Sect. 6.1.3 or 6.1.4, the 
evaluation shall be based on principal axis bending ac ing to Sect. 5.3 and the 
subscripts x and y in AISC ASD Specification Sect. shall be interpreted as 
the principal axes, w and z ,  in this Specification when evaluating the length with- 
out lateral-torsional restraint. 

Members subjected to both axial tension and bending stresses due to transverse 
loading shall satisfy the requirements of AISC ASD Specification Sect. H2. Bend- 
ing stress evaluation shall be as directed by Sects. 6.1.3, 6.1.4 and 6.1.5 for com- 
pressive stresses. 



The criteria for the design of tension members in AISC ASD Specification Sect. D l  
have been adopted for angles with bolted connections. However, recognizing the ef- 
fect of shear lag when the connection is welded, the criteria in Sect. B3 of the AISC 
Allowable Stress Design Specification have been applied. 

The advisory upper slenderness limits are not due to strength considerations, but are 
based on professional judgement and practical considerations of economics, ease of 
handling and transportability. The radius of gyration about the z-axis will produce 
the maximum t lr  and, except for very unusual support conditions, the maximum 
Ktlr. Since the advisory slenderness limit for compression members is less than for 
tension members, an accommodation has been made for members with Ktlr > 200 
that are always in tension, except for unusual load conditions which produce a small 
compression force. 

Shear stresses in a single angle member are the result of the gradient in the bending 
moment along the length (flexural shear) and the torsional moment. 

The elastic stress due to flexural shear may be computed by 

f,, = 1.56lbt (C3-1) 

where 

6 =component of the shear force parallel to the angle leg with length b, and 
thickness t ,  kips 

The stress, which is constant through the thickness, should be determined for both 
legs to determine the maximum. 

The 1.5 factor is the calculated elastic value for equal leg angles loaded along one of 
the principal axes. For equal leg angles loaded along one of the geometric axes (lat- 
erally braced or unbraced) the factor is 1.35. Constants between these limits may be 
calculated conservatively from to determine the maximum stress at the neutral 
axis. 

Alternatively, a uniform flexural shear stress in the leg of Klbt may be used due to 
inelastic material behavior and stress redistribution. 

If the angle is not laterally braced against twist a torsional moment is produced equal 
to the applied transverse load times the perpendicular distance e to the shear center, 
which is at the heel of the angle cross section. Torsional moments are resisted by two 

es of shear behavior: pure torsion (St. Venant) and wa ing torsion (AISC, 



e boundary conditions are such t e cross section is free to warp, the 
applied torsional moment . is resisted by pure s ear stresses as shown in Fig. 
C3.la. Except near the ends of the legs, these stresses are constant along the length 
of the leg and the maximum value can be approximated by 

f, = A4,tI.f = 3MT/k  (c3-2) 

a. Pure torsion b. In-plane warping c.Across-thickness warping 

Fig. C3.1. Shear stresses due to torsion 

where 

J =torsional constant, in.4 (approximated by I: bt3/3 when precomputed value 
unavailable.) 

A =angle cross-sectional area, in.2 

At section where warping is restrained, the torsional moment is resisted by warping 
shear stresses of two types (Gjelsvik, 1981). One type is in-plane (contour) as shown 
in Fig. C3.lb, which varies from zero at the toe to a maximum at the heel of the 
angle. The other type is across the thickness and is sometimes referred to as second- 
ary warping shear. As indicated in Fig. C3.lc, it varies from zero at the heel to a 
maximum at the toe. 

In an angle with typical boundary conditions and unrestrained load point, the tor- 
sional moment produces all three types of shear stresses (pure, in-plane warping and 
secondary warping) in varying proportions along its length. The total applied mo- 
ment is resisted by a combination of three types of internal moments that differ in 
relative proportions according to the distance from the boundary condition. Using 
typical angle dimensions, it can be shown that the two warping shears are approxi- 
mately the same order of magnitude and are less than 20% of the pure shear stress 
for the same torsional moment. Therefore, it is conservative to compute the tor- 
sional shear stress using the pure shear equation and total applied torsional moment 
MT as if no warping restraint were present. This stress is added directly to the flex- 
ural shear stress to produce a maximum surface shear stress near the mid-length of 
a leg. Since this sum is a local maximum that does not extend through the thickness, 
applying the limit of 0 .46  adds another degree of conservatism relative to the design 
of other structural shapes. 

In general, torsional moments from laterally unrestrained transverse loads also pro- 
duce warping normal stresses that are superimposed on bending stresses. However, 
since the warping strength for a single angle is relatively small, this additional bend- 
ing effect is negligible and often ignored in design practice. 
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The provisions for the allowable compression stress account for three possible failure 
modes that may occur in an angle depending on its proportions: general column flex- 
ural buckling, local buckling of thin legs and flexural-torsional buckling of the mem- 
ber. The Q factor in the equations for allowable stress accounts for the local buckling 
and the provisions are extracted from AISC ASD Specification Appendix B5. The F, 
used for modification of the slenderness ratio for flexural-torsional buckling may be 
based on the provisions of Appendix E of the AISC LRFD Specification (AISC, 
1986) while conservatively neglecting warping resistance, which is approximately less 
than 3% at unbraced lengths of 5 ft more. The angle-end restraint conditions 
should be considered in determining t appropriate member effective length. 

The equations for the elastic flexural-torsional buckling stress from AISC LRFD Ap- 
pendix E with no warping resistance are: 

For equal leg angles with w as the axis of symmetry: 

For unequal leg angles, F, is the lowest root of the cubic equation: 

where 

E = modulus of elasticity, ksi 
G = shear modulus, ksi 
J = torsional constant = Z bt3/3 = t2A/3, im4 
I,, Iw = moment of inertia about principal axes, in.4 
z,, w, = coordinates of the shear center with respect to the centroid, in. 
f: = z: + W: + (I, + Iw)lA9 in.' 
H = 1 - (2: + w:)/i: 

Fez = 'I5 ksi ( ~ ~ t ? / r , ) ' ~  

GJ ksi Fej = - 
Af:' 

A = cross-sectional area of member, in.' 
4 = unbraced length, in. 
K,, Kw= effective length factors in z and w directions 
r,, r,,, = radii of gyration about the principal axes, in. 



e coordinate axes are 
torsional buckling stress will not control if 

(Ktlr),, > 5.4(blt)lQ (C4-3) 

This limit can be derived for equal leg angles with Q = 1 by equating the equation 
for the elastic flexural-torsional stress to the Euler equation for column flexural 
buckling. For unequal leg angles, flexural-torsional buckling always controls though 
for higher slenderness ratios, it will be approximately equal to the minimum flexural 
buckling stress. Also, when Q<1, the limit cannot be derived because Q does not ap- 
pear in the Euler equation. Numerical studies of the inelastic buckling strength of an- 
gles with a wide range of proportions indicate for members that exceed the Ktlr 
limit, the flexural-torsional buckling stress will be only a few percent less than the 
column buckling stress except when one leg is more than twice the length of the 
other. In the latter case, reductions as high as 10% may occur. 

5. FLE 

Flexural stress h i t s  are established with consideration of local buckling and lateral- 
torsional buckling. In addition to addressing t e general case of unequal leg single 
angles, the equal leg angle is treated as a special case. Furthermore, bending of equal 
leg angles about a geometric axis, an axis parallel to one of the legs, is addressed sep- 
arately as it is a very common situation. 

.1.1. These provisions follow typical AISC criteria for single angles under 
uniform compression. They are conservative when a leg is subjected to nonuni- 
form compression stress if the maximum compression stress at the leg tip is used. 

Unbraced length, I 

Fig. C5.1. Lateral-torsional buckling of a single-angle beam 
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Geometric axis 

6 =deflection 
calculated using 
geometric axis 
moment of inertia 

Fig. C5.2. Geometric axis bending of laterally unrestrained equal-leg angles 

. Since the shape factor for angles is in excess of 1.5, the maximum al- 
lowable bending stress, Fb = 0.66 4 ,  for compact members is justified as long 
as instability does not control. 

. Lateral-torsional instability may limit the allowable exural stress of an 
unbraced single angle beam. As illustrated in Fig. C5.1, Eq. (5-3a) represents 
the elastic buckling portion with a variable factor of safety ranging from 2.22 to 
1.82. Equation (5-3b) represents the inelastic buckling transition expression be- 
tween 0.454 and 0.664. At Fob greater than about 3 4 ,  the unbraced length is 
adequate to develop the maximum beam flexural strength of Fb = 0.664. These 
formulas were based on Australian research on single angles in flexure and on an 
analytical model consisting of two rectangular elements of length equal to actual 
angle leg width minus one-half the thickness (Leigh and Lay, 1984; Australian 
Institute of Steel Construction, 1975; Leigh and Lay, 1978; Madugula and Ken- 
nedy, 1985). 

The familiar Cb moment gradient formula based on doubly symmetric wide 
flanges is used to correct lateral-torsional stability equations from the assumed 
most severe case of uniform moment throughout the unbraced length (Cb = 
1.0). However, in lieu of a more detailed analysis, the reduced maximum limit 
of 1.5 is imposed for single angle beams to represent conservatively the lower 
envelope of this cross-section's non-uniform bending response. 

2.1. An angle beam loaded parallel to one leg will de ect and bend about 
that leg only if the angle is restrained laterally along the length. In this case sim- 
ple bending occurs without any torsional rotation or lateral deflection and the 
geometric axis section properties should be used in the evaluation of the flexural 
stresses and deflection. If only the point of maximum moment is laterally 
braced, lateral-torsional uckling of the unbraced length under simple ben 
must also be checked. 



f a laterally unrestrained sin- 
nding direction and twist. Its 

behavior can be evaluated by resolving the load andlor moments into principal 
axis components and determining the sum of these principal axis flexural effects 
while neglecting the relatively minor torsional response. In order to simplify and 
expedite the design calculations for this common situation with equal leg angles, 
aD alternate method may be used. 

For such unrestrained bending of an equal leg angle, the resulting maximum 
normal stress at the angle tip (in the direction of bending) will be approximately 
25% greater than calculated using the geometric axis section modulus. The de- 
flection calculated using the geometric axis moment of inertia has to be in- 
creased 82% to approximate the total deflection. Deflection has two compo- 
nents, a vertical component (in the direction of applied load) 1.56 times the 
calculated value and a horizontal component of 0.94 of the calculated value. The 
resultant total deflection is in the general direction of the weak principal axis 
bending of the angle (see Fig. C5.2). These unrestrained bending deflections 
should be considered in evaluating serviceability. 

The horizontal component of deflection being approximately 60% of the vertical 
deflection means that the lateral restraining force required to achieve purely ver- 
tical deflection (Sect. 5.2.1) must be 60% of the applied load value (or produce 
a moment 60% of the applied value) which is very significant. 

The lateral-torsional buckling is limited by Fob (Leigh and Lay, 1984 and 1978) 
in Eq. 5-4, which is based on 

(the general expression for the critical moment of an equal leg angle) with 8 = 
-45" which is the most severe condition with the angle heel (shear center) in ten- 
sion. Flexural loading which produces angle heel compression can be conserva- 
tively designed by Eq. (5-4) or more exactly by using the above general Mc, 
Equation with 8 = 45" (see Fig. (25.3). 

W (major pr~nc~pal ax~s) Z (mrnor prrncrpal ax~s) 

0 

k- 
M 

Fig. C5.3. Equal-leg angle with general moment loading 
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Fig. C5.4 Single-angle limits for Fb = .66? 

Lateral-torsional buckling will reduce the stress limit only when tlb is relatively 
large. If the &lb2 parameter (which is a ratio of t lb over blt) is less than 2.43 
(with Cb = I),  there is no need to check lateral-torsional stability inasmuch as 
local buckling provisions of Sect. 5.1.1 will control the allowable flexural stress. 

Lateral-torsional buckling will produce Fb < 0.664 for equal leg angles only if 
Fob by Eq. (5-4) is less than about 34, for Cb = 1.0. Limits for Ub as a function 
of blt are shown graphically in Fig. C5.4. Local buckling must be checked separ- 
ately. 

Stress at the tip of the angle leg parallel to the applied bending axis is of the same 
sign as the maximum stress at the tip of the other leg when the single angle is un- 
restrained. For an equal-leg angle this stress is about one third of the maximum 
stress. It is only necessary to check the stress condition at the tip of the angle leg 
with the maximum stress when evaluating such an angle. Since this maximum 
applied compressive stress per Sect. 5.2.1a represents combined principal axis 
stresses and Eq. (5-4) represents the design limit for this combined flexural 
stress, only a single flexural term needs to be considered when evaluating com- 
bined flexural and axial effects. 

For unequal leg angles without lateral-torsional restraint the applied 
moment must be resolved into components along the two principal axis 

esigned for biaxial bending using the interaction equation. 
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Under major axis bending of equal leg 
with (5-3a) or (5-3b) controls 
torsional buckling of the angle. 

Lateral-torsional buckling for this case will reduce the stress below 0.66 4 only 
for tlt 2 940014 (Ij,,, = 34) .  If the ttlb2 parameter is less than 1.42Cb for this 
case, local buckling will cont exural stress and Fb based on 
lateral-torsional buckling ne not be evaluated. Local buckling must be 
checked using 5.1.1. 

2. Lateral-torsional bu bout the major principal W axis of an un- 
equal leg angle is controlled b Eq. (5-6). Section property PW reflects the 
location of the shear center the principal axis of the section and the 
bending direction under uniform bending. Positive Pw and maximum Mow occurs 
when the shear center is in flexural compression while negative P, and minimum 
Mow occurs when the shear center is in flexural tension (see Fig. (25.5). This P, 
effect is consistent with behavior of singly symmetric I- shaped beams which are 
more stable when the compression flange is larger than the tension flange. For 
principal W axis bending of equal leg angles, , is equal to zero due to symmetry 
and Eq. (5-6) reduces to Eq. (5-5) for this special case. 

For reverse curvature bending, part of the unbraced length has positive P,, 
while the remainder negative P,, and conservatively, the negative value is as- 
signed for that entire unbraced segment. 

pw is essentially independent of angle thi ss (less than 1% variation from 
mean value) and is primarily a function o leg widths. The average values 
shown in Table C5.1 may be used for des 

The stability and strength interaction equations of AISC ASD Specification Chap. 
have been adopted with modifications to account for various conditions of bending 

(Special case: for equal legs, pw = 0)  

Fig. C5.5. Unequal-leg angle in bending 



, Values for Angles 

Angle Size (in.) 

9 x 4 
8 x 6  
8 x 4  
7 x 4 
6 x 4  
6 x 3.5 
5 x 3.5 
5 x 3  
4 x 3.5 
4 x 3 

3.5 x 3 
3.5 x 2.5 

3 x 2.5 
3 x 2  

2.5 x 2 
Equal legs 

that may be encountered. Ben ing will usually accompany axial loading in a single 
angle member since the axial load and connection along the legs are eccentric to the 
centroid of the cross section. Unless the situation conforms to Sect. 5.2.1 or 5.2.2 in 
that Sect. 6.1.3 or 6.1.4 may be used, the applied moment should be resolved about 
the principal axes for the interaction check. 

.I .4. When the total maximum flexural stress is evaluated for a laterally un- 
restrained length of angle per Sect. 5.2, the bending axis is the inclined axis 
shown in Fig. C5.2. The radius of gyration modification for the moment amplifi- 
cation about this axis is equal to a = 1.35 to account for the increased unre- 
strained bending deflection relative to that about the geometric axis for the later- 
ally unrestrained length. The 1.35 factor is retained for angles braced only at the 
point of maximum moment to maintain a conservative calculation for this case. 
If the brace exhibits any flexibility permitting lateral movement of the angle, use 
of rb = rx would not be conservative. 
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In recent years, the quality of construction methods and materials has become the 
subject of increasing concern to building officials, highway officials, and designers. 
One result of this concern has been the enactment of ever more demanding inspection 
requirements intended to ensure product quality. In many cases, however, these more 
demanding inspection requirements have not been based upon demonstrated unsatis- 
factory performance of structures in service. Rather, they have been based upon the 
capacity of sophisticated test equipment, or upon standards developed for nuclear 
construction rather than conventional construction. Adding to the problem, arbitrary 
interpretation of specifications by inspectors has too often been made without rational 
consideration of the type of construction involved. The result has been spiraling 
increases in the costs of fabrication of structural steel and of inspection, which must be 
paid by owners without necessarily assuring that the product quality required has been 
improved. 

Product inspection, although it has a valid place in the construction process, is not 
the most logical or practical way to assure that structural steelwork will conform to the 
requirements of contract documents and satisfy the intended use. A better solution 
can be found in the exercise of good quality control and quality assurance by the 
fabricator throughout the entire production process. 

Recognizing this fact, and seeking some valid, objective method whereby a 
fabricator's capability for assuring a quality product could be evaluated, a number of 
code authorities have, in recent years, instituted steps to establish fabricator registra- 
tion programs. However, these independent efforts resulted in extremely inconsistent 
criteria. They were developed primarily by inspectors or inspection agencies who were 
experienced in testing, but were not familiar with the complexities of the many steps, 
procedures, techniques, and controls required to assure quality throughout the fabri- 
cating process. Neither were these inspection agencies qualified to determine the 
various levels of quality required to assure satisfactory performance in meeting the 
service requirements of the many different types of steel structures. 

Recognizing the need for a comprehensive national standard for fabricator cer- 
tification, and concerned by the trend toward costly inspection requirements that 
could not be justified by rational quality standards, the American Institute of Steel 
Construction has developed and implemented a voluntary Quality Certification Pro- 
gram, whereby any structural steel fabricating plant-whether a member of AISC or 
not--can have its capability for assuring quality production evaluated on a fair and 
impartial basis. 
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The AISC Quality Certification Program does not involve inspection and/or judgment 
of product quality on individual projects. Neither does it guarantee the quality of 
specific fabricated steel products. Rather, the purpose of the AISC Quality Certifica- 
tion Program is to confirm to the construction industry that a Certified structural steel 
fabricating plant has the personnel, organization, experience, procedures, knowledge, 
equipment, capability and commitment to produce fabricated steel of the required 
quality for a given category of structural steelwork. 

The AISC Quality Certification Program was developed by a group of highly 
qualified shop operation personnel from large, medium, and small structural steel 
fabricating plants throughout the United States. These individuals all had extensive 
experience and were fully aware of where and how problems can arise during the 
production process and of the steps and procedures that must be followed during 
fabrication to assure that the finished product meets the quality requirements of the 
contract. 

The program was reviewed and strongly endorsed by an Independent Board of 
Review comprised of 17 prominent structural engineers from throughout the United 
States, who were not associated with the steel fabricating industry, but were well 
qualified in matters of quality requirements for reliable service of all types of steel 
structures. 

A fabricator may apply for certification of a plant in one of the following categories of 
structural steelwork: 

I: Conventional Steel Structures - Small Public Service and Institutional 
Buildings, (Schools, etc.), Shopping Centers, Light Manufacturing Plants, 
Miscellaneous and Ornamental Iron Work, Warehouses, Sign Structures, 
Low Rise, Truss Beam/Column Structures, Simple Rolled Beam Bridges. 

il: Complex Steel Structures - Large Public Service and Institutional 
Buildings, Heavy Manufacturing Plants, Powerhouses (fossil, non-nuclear), 
Metal Producing/Rolling Facilities, Crane Bridge Girders, Bunkers and Bins, 
Stadia, Auditoriums, High Rise Buildings, Chemical Processing Plants, Pe- 
troleum Processing Plants. 

ridges - All bridge structures other than simple rolled beam 
bridges. 

Systems - Pre-engineered Metal Building Structures. 

Supplement: Auxiliary an ower Plants - This 
supplement, applicable to nuclear plant structures designed under the AISC 
Specification, but not to pressure-retaining structures, offers utility companies 
and designers of nuclear power plants a certification program that will elimi- 
nate the need for many of the more costly, conflicting programs now in use. A 
fabricator must hold certification in either Category I ,  I1 or I11 prior to 
application for certification in this category. 

Certification in Category I1 automatically includes Category I.  Certification in 
Category I11 automatically includes Categories I and 11. Certification in Category MB 
is not transferable to any other Category. 



AISC Quality Cert@cation Program * 5 - 329 

An outside, experienced, professional organization, ABS Worldwide Technical Ser- 
vices, Inc. (a subsidiary of American Bureau of Shipping) has been retained by AISC 
to perform the plant Inspection-Evaluation in accordance with a standard check list 
and rating procedure established by AISC for each certification category in the 
program. Upon completion of this Inspection-Evaluation, ABS Worldwide Technical 
Services (commonly known as ABSTECH) will recommend to AISC that a fabricator 
be approved or disapproved for certification. ABSTECH's Inspection-Evaluation is 
totally independent of the fabricator's and AISC's influence, and their evaluation is 
not subject to review by AISC. 

At a time mutually agreed upon by the fabricator, AISC, and ABSTECH, the 
Inspection-Evaluation team visits the plant to investigate and rate the following basic 
plant functions directly and indirectly affecting quality assurance: General Manage- 
ment, Engineering and Drafting, Procurement, Shop Operations, and Quality Con- 
trol. The Inspection-Evaluation team will perform the following: 

1. Confirm data submitted with the Application for Certification. 
2. Interview key supervisory personnel and subordinate employees. 
3. Observe and rate the organization in operation, including procedures used in 

functions affecting quality assurance. 
4. Inspect and rate equipment and facilities. 
5. At an "exit interview," review with plant management the completed check list 

observations and evaluation scoring, including discussions of deficiencies and 
omissions, if any. 

The number of days required for Inspection-Evaluation varies according to the 
size and complexity of the plant, but usually requires two to five days. 

Following recommendation for Certification by the Inspection-Evaluation team, 
AISC will issue a certificate identifying the fabricator, the plant, and the Category of 
Certification. The certificate is valid for a three year period, subject to annual review in 
the form of unannounced inspections early in the second and third year periods. The 
certificate is endorsed annually, provided there is successful completion of the un- 
announced second and third year inspection. 

An annual self-audit, based on the standard check list, must be made by plant 
management during the 11th and 23rd months after initial Certification. This self-audit 
must be retained at the plant and made available to the Inspection-Evaluation 'team 
during the unannounced second and third year inspections. 

At the end of the third year, the cycle begins again with a complete prescheduled 
Inspection-Evaluation and the issuance of a new certificate. 

Two of the major Building Code bodies in the country have recognized that the AISC 
Quality Certification Program assures uniform minimum standards of quality in 
structural steel fabrication. AISC has been named a Quality Assurance Agency by 
Southern Building Code Congress International, Inc. in their report number Q.A. 
7801-78 and by Building Officials and Code Administrators International, Inc. in their 
report RR 77-61. 

For additional information on this program, write to: AISC Quality Certification 
Administrator, One East Wacker Drive, Suite 3100, Chicago, IL 60601-2001. 
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Gage 
No. 

I.S. Standard 
Gage for 
Uncoated 

Hot & Cold 
olled Sheetsb 

Galvanized 
Sheet Gage 
Ir Hot-Dippel 
Zinc Coated 

Sheetsb 

.S. Standarc 
Gage for 
Uncoated 

Hot & Cold 
olled Sheets' 

Galvanized 
Sheet Gage 
~r Hot-Dippec 
Zinc Coated 

Sheetsb 

USA 
Steel 

Wire Gage 

a Rounded value. The steel wire gage has been taken from ASTM A510 "General Require- 
ments for Wire Rods and Coarse Round Wire, Carbon Steel". Sizes originally quoted to 4 
decimal equivalent places have been rounded to 3 decimal places in accordance with 
rounding procedures of ASTM "Recommended Practice" E29. 
The equivalent thicknesses are for information only. The product is commonly specified to 
decimal thickness, not to gage number. 

0.2299 to 0.2031 
0.2030 to 0.1800 
0.1799 to 0.0449 
0.0448 to 0.0344 
0.0343 to 0.0255 Hot rolled sheet and strip not generally 
0.0254 & thinner produced in these widths and thicknesses 



Short-time elevated-temperature tensile tests on the constructional steels per 
by the AISC Specification indicate that the ratios of the elevated-temperatur 
and tensile strengths to their respective room-temperature strength values a 
sonably similar at any particular temperature for the various steels in the 300 
F. range, except for variations due to strain aging. (The tensile strength ratio I 
crease to a value greater than unity in the 300 to 700" F. range when strain ag 
curs.) Above this range, the ratio of elevated-temperature to room-tempt 
strength decreases as the temperature increases. 

The composition of the steels is usually such that the carbon steels exhibi 
aging with attendant reduced notch toughness. The high-strength low-alloy an1 
treated constructional alloy steels exhibit less-pronounced orlittle strain agi~ 

As examples of the decreased ratio levels obtained at elevated temperatu 
yield strength ratios for carbon and high-strength low-alloy steels are approxi 
0.77 at 800" F., 0.63 at 1000" F., and 0.37 at 1200" F. 

ASTM Specification E119, Standard Methods of Fire Tests of Building Const] 
and Materials, outlines the procedures of fire testing of structural elements 1 
inside a building and exposed to fire within the compartment or room in whic 
are located. The temperature criterion used requires that the average of the tt 
ature readings not exceed 3 000" F. for columns and 1100" F. for beams. An ind 
temperature reading may not exceed 1100" F. for columns and 1200" F. for 1 

Steel buildings whose condition of exterior exposure and whose comb 
contents under fire hazards will not produce a steel temperature greater th 
foregoing criteria may therefore be considered fire-resistive without the provi 
insulating protection for the steel. 

A fire exposure of severity and duration sufficient to raise the tempera 
the steel much above the fire test criteria temperature will seriously impair its 
to sustain loads at the unit stresses or plasticity load factors permitted by the 
Specification. In such cases, the members upon which the stability of the str 
depends should be insulated by fire-resistive materials or construction cap; 
holding the average temperature of the steel to not more than that specified 
fire test standard. 

Under the El19 specification, each tested assembly is subjected to a st, 
fire of controlled extent and severity. The fire resistance rating is expressed 
time, in hours, that the assembly is able to withstand the fire exposure before t 
critical point in its behavior is reached. These tests indicate the minimum pe 
time during which structural members, such as columns and beams, are cap 
maintaining their strength and rigidity when subjected to the standard fire. Th 
establish the minimum period of time during which floors, roofs, walls or pal 
will prevent fire spread by protecting against the passage of flame, hot gases : 
cessive heat. 

Tables of fire resistance ratings for various insulating materials and COI 

tions applied to structural elements are published in the AISI booklets Fire Rc 
Steel Frame Construction, Designing Fire Protection for Steel Columns and De. 
Fire Protection for Steel Trusses. Ratings may also be found in publications 
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A new rational fire-protection design procedure for exposed columns and beams 
at building exteriors has been developed by the American Iron and Steel Institute, 
and is described in APSI publication no. FS3, Fire-safe Structural Steel - A Design 
Guide. The Design Guide provides a step by step procedure which enables building 
designers to estimate the maximum steel temperature that would occur during a fire 
at any location on a structural member located outside a building. The design proce- 
dure is accepted by some building codes and is under study for adoption by others. 

To judge the effect of a fire on structural steel, it is necessary to consider what 
happens in such an exposure. Peculiarities of this exposure are: (1) temperature at- 
tained by the steel can only be estimated, (2) time of exposure at any given tempera- 
ture is unknown, (3) heating is uneven, (4) cooling rates vary and can only be esti- 
mated and (5) the steel is usually under load, and is sometimes restrained from 
normal expansion. 

Carbon and high-strength low-alloy steels that show no evidence of gross dam- 
age from exposure to high temperatures, or from sudden cooling from high tempera- 
tures, can usually be straightened as necessary and be reused without reduction of 
working stress. Quenched and tempered alloy steels should not be heated to temper- 
atures within 50" F, of the tempering temperature used in heat treatment. Thus, for 
the quenched and tempered constructional alloy steels approved by they AISC Spec- 
ification, i.e., ASTM A514, for which the tempering temperature is 1150" F., the 
maximum steel temperature should be 1100" F. 

Steel that has been exposed to very high temperatures can be identified by very 
heavy scale, pitting, and surface erosion. Such temperatures may not only cause a 
loss of cross section, but may also result in metallurgical changes. Normally these 
conditions will be accompanied by such severe deformation that the cost and diffi- 
culty of straightening such members, as compared to replacement, dictates that they 
be discarded. 

Steel members that have suffered rapid cooling will usually be so severely dis- 
torted that straightening for reuse will seldom be considered practicable. 

In some cases, there may be some deformation in members whose normal ther- 
mal expansion is inhibited or prevented by the nature of the construction. Such 
members may usually be straightened and reused. 

Connections require special attention to make sure that the stresses induced by 
a fire, and by subsequent cooling after the fire, have not sheared or loosened bolts 
or rivets, or cracked welds. 

The average coefficient of expansion for structural steel between 70" F. and 100" F. 
is 0.0000065 for each degree. For temperatures of 100" F. to 1200" F. the coefficient 
is given by the approximate formula: 

E = (6.1 + 0.0019t) x 

in which E is the coefficient of expansion for each degree Fahrenheit and t is the tem- 
perature in degrees Fahrenheit. 

The modulus of elasticity of structural steel is approximately 29,000 ksi at 70" F. 
It decreases linearly to about 25,000 ksi at 900" F., and then begins to drop at an in- 
creasing rate at higher temperatures. 

~ ~ ~ l i c a t i o n  of heat by welding produces residual stresses, which are generally ac- 
companied by distortion of various amounts. Both the stresses and distortions are 



minimized by controlled welding procedures and fabrication methods. In normal 
structural practice, it has not been found necessary or desirable to use heat treat- 
ment (stress-relieving) as a means of reducing residual stresses. Procedures normally 
followed include: (1) proper positioning of the components of joints before welding, 
(2) selection of welding sequences determined by experience, (3) deposition of a 
minimum volume of weld metal with a minimum number of passes for the design 
condition and (4) preheating as determined by experience (usually above the speci- 
fied minimums). 

, OR CURVE MEMBERS 

With modern fabrication techniques, a controlled application of heat can be effec- 
tively used to either straighten or to intentionally curve structural members. By this 
process, the member is rapidly heated in selected areas; the heated areas tend to ex- 
pand, but are restrained by adjacent cooler areas. This action causes a permanent 
plastic deformation or "upset" of the heated areas and, thus, a change of shape is de- 
veloped in the cooled member. 

"Heat straightening" is used in both normal shop fabrication operations and in 
the field to remove relatively severe accidental bends in members. Conversely, "heat 
cambering" and "heat curving" of either rolled beams or welded girders are exam- 
ples of the use of heat to effect a desired curvature. 

As with many other fabrication operations, the use of heat to straighten or 
curve will cause residual stresses in the member as a result of plastic deformations. 
These stresses are similar to those that develop in rolled structural shapes as they 
cool from the rolling temperature; in this case, the stresses arise because all parts of 
the shape do not cool at the same rate. In like manner, welded members develop re- 
sidual stresses from the localized heat of welding. 

In general, the residual stresses from heating operations do not affect the ulti- 
mate strength of structural members. Any reduction in column strength due to resid- 
ual stresses is incorporated in the present design provisions. 

The mechanical properties of steels are largely unaffected by heating opera- 
tions, provided that the maximum temperature does not exceed 1100" F. for 
quenched and tempered alloy steels, and 1300" F. for other steels. The temperature 
should be carefully checked by temperature-indicating crayons or other suitable 
means during the heating process. 

The coefficient of linear expansion (E) is the change in length, per unit of length, for 
a change of one degree of temperature. The coefficient of surface expansion is ap- 
proximately two times the linear coefficient, and the coefficient of volume expan- 
sion, for solids, is approximately three times the linear coefficient. 

A bar, free to move, will increase in length with an increase in temperature and 
will decrease in length with a decrease in temperature. The change in length will be 
~ t l ,  where E is the coefficient of linear expansion, t the change in temperature, and 
I the length. If the ends of a bar are fixed, a change in temperature t will cause a 
change in the unit stress of E E ~ ,  and in the total stress of AEet, where A is the cross 
sectional area of the bar and E the modulus of elasticity. 
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The following table gives the coefficient of linear expansion for 100°, or 100 
times the value indicated above. 

Example: A piece of medium steel is exactly 40 ft long at 60' F. Find the length 
at 90' F., assuming the ends free to move. 

.00065 x 30 x 40 = .0078 f t  
Change of length = d l  = 

100 

The length at 90' F. is 40.0078 ft. 

Example: A piece of medium steel is exactly 40 ft long and the ends are fixed. 
If the temperature increases 30" F., what is the resulting change in the unit stress? 

29,000,000 x .00065 x 30 
Change in unit stress = EE t = 

100 
= 5655 lbs. per sq. in. 

SOEFFICIENTS OF EXPANSION OR 100 DEGREES = 1006 

Materials 

METALS AND ALLOYS 

Aluminum, wrought 
Brass 
Bronze 
Copper 
Iron, cast, gray 
Iror), wrought 
Iron, wire 
Lead 
Magnesium, various alloys 
Nickel 
Steel, mild 
Steel, stainless, 18-8 
Zinc, rolled 

TIMBER 

Fir \ 

Maple 1 parallel to fiber Oak 
Pine 

hear  E 

Centi- 
grade 

,00231 
.00188 
.00181 
.00168 
,001 06 
.00120 
.00124 
,00286 
.0029 
,00126 
,001 17 
.OOl78 
,0031 1 

.00037 

.00064 

.00049 
,00054 

Materials 

STONE AND MASONRY 

Ashlar masonry 
Brick masonry 
Cement, portland 

, Concrete 
I Granite ;;hn;one 

Plaster 
Rubble masonry 
Sandstone 
Slate 

TIMBER 

Maple perpendicular to 
Oak fiber 
Fir Pine I 

E 
Maximum Density = 1 

h e a r  E 

Centi- 
grade 

.00063 

.00061 
,00126 
.00099 
.00080 
,00076 
.00081 
.00166 
,00063 
.00097 
.00080 

pansior 

Fahren, 
heit 

.00035 
,00034 
.00070 
.00055 
,00044 
,00042 
.00045 
,00092 
,00035 
.00054 
,00044 



Substance 

ASHLAR MASONRY 
Granite. syenite. gneiss . . .  
Limestone. marble . . . . . .  
Sandstone. bluestone . . .  

MORTAR RUBBLE 
MASONRY 

. . .  Granite. syenite. gneiss 
. . . . . . .  Limestone. marble 

. . . .  Sandstone. bluestone 

DRY RUBBLE MASONRY 
Granite. syenite. gneiss . . .  
Limestone. marble . . . . . . .  
Sandstone. bluestone . . . .  

BRICK MASONRY 
Pressed brick . . . . . . . . . . . .  
Common brick . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Soft brick 

ZONCRETEMASONRY 
Cement. stone. sand . . . . .  
Cement. slag. etc . . . . . . . . .  
Cement. cinder. etc . . . . . . .  

VARIOUS BUILDING 
MATERIALS 

Ashes. cinders . . . . . . . . . . .  
Cement . ~ortland . loose . . .  
Cement; portland; set . . . .  
Lime. gypsum. loose . . . . .  
Mortar. set . . . . . . . . . . . . . .  
Slags. bank slag . . . . . . . . .  
Slags. bank screenings . . .  
Slags. machine slag . . . . . .  
Slags. slag sand . . . . . . . . .  

EARTH. ETC., EXCAVATED 
Clay. dry . . . . . . . . . . . . . . . .  
Clay. damp. plastic . . . . . . .  
Clay and gravel. dry . . . . . .  
Earth. dry. loose . . . . . . . . .  
Earth. dry. packed . . . . . . .  
Earth. moist. loose . . . . . . .  
Earth. moist. packed . . . . .  
Earth. mud. flowing . . . . . . .  
Earth. mud. packed . . . . . .  
Riprap. limestone . . . . . . . .  
Riprap. sandstone . . . . . . . .  
Riprap. shale . . . . . . . . . . . .  
Sand. gravel. dry. loose . . .  
Sand. gravel. dry. packed . 
Sand. gravel. wet . . . . . . . .  

ZXCAVATIONS IN WATER 
. . . . . . . . . . .  Sand or gravel 

. . .  Sand or gravel and clay 
Clay . . . . . . . . . . . . . . . . . . . .  
River mud . . . . . . . . . . . . . . .  
Soil . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Stone riprap 

. 
Weight 
Lb . per 
Gu . Ft 

Specific 
Gravity 

2.3-3.0 
2.3-2.8 
2.1-2.4 

2.2-2.8 
2.2-2.6 
2.0-2.2 

1.9-2.3 
1.9-2.1 
1.8-1.9 

2.2-2.3 
1.8-2.0 
1.5-1.7 

2.2-2.4 
1.9-2.3 
1.5-1.7 

- 
- 

2.7-3.2 
- 

1.4-1.9 - 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 
- 

- 

Substance 

MINERALS 
Asbestos . . . . . . . . . . . . . . .  
Barytes . . . . . . . . . . . . . . . .  
Basalt . . . . . . . . . . . . . . . . .  
Bauxite . . . . . . . . . . . . . . . .  
Borax . . . . . . . . . . . . . . . . . .  
Chalk . . . . . . . . . . . . . . . . . .  
Clay. marl . . . . . . . . . . . . . .  
Dolomite . . . . . . . . . . . . . . .  
Feldspar. orthoclase . . . . .  
Gneiss. serpentine . . . . . .  
Granite. syenite . . . . . . . . .  
Greenstone. trap . . . . . . . .  
Gypsum. alabaster . . . . . .  
Hornblende . . . . . . . . . . . . .  
Limestone. marble . . . . . .  
Magnesite . . . . . . . . . . . . . .  
Phosphate rock. apatite . . 
Porphyry . . . . . . . . . . . . . . .  
Pumice. natural . . . . . . . . .  
Quartz. flint . . . . . . . . . . . . .  
Sandstone. bluestone . . .  
Shale. slate . . . . . . . . . . . .  
Soapstone. talc . . . . . . . . .  

STONE. QUARRIED. . PILED 
Basalt. granrte. gnerss . . . .  
Limestone. marble. quartz 
Sandstone . . . . . . . . . . . . .  
Shale . . . . . . . . . . . . . . . . . .  
Greenstone. hornblende . . 

BITUMINOUS SUBSTANCES 
Asphaltum . . . . . . . . . . . . .  
Coal. anthracite . . . . . . . . . .  
Coal. bituminous . . . . . . . . .  
Coal. lignite . . . . . . . . . . . . .  
Coal. peat. turf. dry . . . . . .  
Coal. charcoal. pine . . . . . .  
Coal. charcoal. oak . . . . . . .  
Coal. coke . . . . . . . . . . . . . .  
Graphite . . . . . . . . . . . . . . . .  
Paraffine . . . . . . . . . . . . . . . .  
Petroleum . . . . . . . . . . . . . . .  
Petroleum. refined . . . . . . .  
Petroleum. benzine . . . . . . .  
Petroleum. gasoline . . . . . .  
Pitch . . . . . . . . . . . . . . . . . . .  
Tar. bituminous . . . . . . . . . .  

COAL AND COKE. PILED 
Coal. anthracite . . . . . . . . . .  
Coal. bituminous. lignite . . 
Coal. peat. turf . . . . . . . . . .  

. . . . . . . . . . .  Coal. charcoal 
Coal. coke . . . . . . . . . . . . . .  

. 
Weight 
Lb . per 
Cu . Ft 

. 
Spec~fic 
Gravity 

2.7-2.8 
4.50 

2.7-3.2 
2.55 

1 . . 8  7.1 
1.8-2.6 
1.8-2.6 

2.9 
2.5-2.6 
2.4-2.7 
2.5-3.1 
2.8-3.2 
2.3-2.8 

3.0 
2.5-2.8 

3.0 
3.2 

2.8-2.9 
1.37-0.91 
2.6-2.8 
2.2-2.5 
2.v-2.9 
2.6-2.8 

- 
- 
- 
- 
- 

1.1-1.5 
1.4-1.7 
1.2-1.5 
1.1-1.4 
.65. 0.8! 
.28. 0.4~ 
.47. 0.5' 
1 1 . 4  .o. 
1.9-2.3 
.87. 0.9 
0.87 

.79. 0.8. 

.73. 0.7! 

.66. 0.6! 

.07. 1.1! 
1.20 

The specific gravities of solids and hquids refer to water at 4°C.. those of gases to air at 0% . and 760 mm . 
pressure . The weights per cubic foot are derived from average specific gravities. except where stated that 
weiahts are for bulk. heaoed or loose material . etc . 



Substance 

METALS. ALLOYS. ORES 
Aluminum. cast. 

hammered . . . . . . . . . . . . .  
Braes. cast. rolled . . . . . . . . . .  
Bropze. 7.9 to 14% Sn . . . . .  
Bronze. aluminum . . . . . . . . . .  
Copper. cast. rolled ........ 
Copper ore. pyrites . . . . . . . . .  
Gold. cast. hammered . . . . . .  
Iron. cast. pig . . . . . . . . . . . . . .  
Iroq. wrought . . . . . . . . . . . . . .  
Irori. spiegel-eisen . . . . . . . . .  
Irorj. ferro-silicon . . . . . . . . . . .  
lroq ore. hematite . . . . . . . . . .  
Iror) ore. hematite in bank . . .  
Iron ore. hematite loose . . . . .  
Iron ore. limonite . . . . . . . . . . .  
Iron ore. magnetite . . . . . . . . . .  
Iron slag . . . . . . . . . . . . . . . . . .  
Lead . . . . . . . . . . . . . . . . . . . . .  
Lead ore. galena . . . . . . . . . . .  
Magnesium. alloys . . . . . . . . .  
Manganese . . . . . . . . . . . . . . .  
Manganese ore. pyrolusite . . .  
Mercury . . . . . . . . . . . . . . . . . . .  
Monel Metal . . . . . . . . . . . . . . .  
Nickel . . . . . . . . . . . . . . . . . . . .  
Platinum. cast. hammered . . .  
Silver. cast. hammered . . . . .  

. . . . . . . . . . . . . . .  Steel. rolled 
Tin. cast. hammered . . . . . . .  
Tin ore. cassiterite . . . . . . . . .  
Zinc. cast. rolled . . . . . . . . . . .  
Zinc ore. blende . . . . . . . . . . .  

JARlOUS SOLIDS 
Cereals. oats . . . . . . . . . .  bulk 
Cereals. barley . . . . . . . .  bulk 
Cereals. corn. rye . . . . .  bulk 
Cereals. wheat . . . .  bulk 
Hay and Straw . . . . . . .  bales 

. . . . . . . .  Cotton. Flax. Hemp 
Fa@ . . . . . . . . . . . . . . . . . . . . .  
Flour. loose . . . . . . . . . . . . . . .  
Flour. pressed . . . . . . . . . . . . .  
Glass. common . . . . . . . . . . . .  
Glass. plate or crown . . . . . . .  
Glass. crystal . . . . . . . . . . . . . .  
Leather . . . . . . . . . . . . . . . . . . .  
Paper . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  Potatoes. p~led 
Rubber. caoutchouc . . . . . . . .  
Rubber goods . . . . . . . . . . . . .  
Salt. granulated. piled . . . . . .  
Saltpeter . . . . . . . . . . . . . . . . . .  
Starch . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  Sulphur 
Wool . . . . . . . . . . . . . . . . . . . . .  

Weight 
Lb . per 
Gu . Ft 

Specific 
Gravity 

55-2.7: 
8.4-8.7 
7.4-8.9 

7.7 
8.8-9.0 
4.1 -4.3 
9.25.1 9 . 

7.2 
7.6-7.9 

7.5 
6.7-7.3 

5.2 - 
- 

3.6-4.0 
4.9-5.2 
2.5-3.0 
11.37 

7.3-7.6 
.74. 1.8: 
7.2-8.0 
3.7-4.6 

13.6 
8.8-9.0 
8.9-9.2 
'1.1.21 . E 
0.4-10.E 
7.85 

7.2-7.5 
6.4-7.0 
6.9-7.2 
3.9-4.2 

- 
- 
- 
- 
- 

.47. 1.5C 

.90. 0.97 

.40. 0.50 

.70. 0.80 

.40. 2.6C 

.45. 2.72 

.90. 3.00 

.86. 1.02 

.70. 1.15 
- 

.92. 0.96 
1 .o. 2.0 - 
- 

1.53 
.93. 2.07 

1.32 

Substance 

TIMBER. U S  . SEASONED 
Moisture Content by 

Weight: 
Seasoned timber 15 to 20% 
Green timber up to 50% 
Ash. white. red . . . . . . . . . .  
Cedar. white. red . . . . . . . .  
Chestnut . . . . . . . . . . . . . . . .  
Cypress . . . . . . . . . . . . . . . .  
Fir. Douglas spruce . . . . . .  
Fir. eastern . . . . . . . . . . . . . .  
Elm. white . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Hemlock 
Hickory . . . . . . . . . . . . . . . . .  

.................. Locust 
Maple. hard . . . . . . . . . . . . .  
Maple. white . . . . . . . . . . . .  
Oak. chestnut . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Oak. live 
Oak. red. black . . . . . . . . . .  
Oak. white . . . . . . . . . . . . . .  
Pine. Oregon . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  Pine. red 
Pine. white . . . . . . . . . . . . . .  
Pine. yellow. long-leaf . . . .  
Pine. yellow. short-leaf . . .  
Poplar . . . . . . . . . . . . . . . . . .  
Redwood. California . . . . . .  
Spruce. white. black . . . . . .  
Walnut. black . . . . . . . . . . . .  
Walnut. white . . . . . . . . . . . .  

VARIOUS LIQUIDS 
Alcohol. 100% . . . . . . . . . . .  
Acids. muriatic 40% . . . . . .  
Acids. nitric 91% . . . . . .  
Acids. sulphuric 87% . . . . . .  
Lye. soda 66% . . . . .  
Oils. vegetable . . . . . . . . . . .  
Oils. mineral. lubricants . . . .  
Water. 4°C . max density . . 
Water. 100°C . . . . . . . . . . . . .  
Water. ice . . . . . . . . . . . . . . . .  
Water. snow. fresh fallen . . .  
Water. sea water . . . . . . . . . .  

GASES 
. . . . . . . . . .  Air. O"C . 760 mm 

Ammonia . . . . . . . . . . . . . . . .  
Carbon dioxide . . . . . . . . . . .  
Carbon monoxide . . . . . . . . .  
Gas. illuminating . . . . . . . . . .  
Gas. natural . . . . . . . . . . . . . .  
Hydrogen . . . . . . . . . . . . . . . .  
Nitrogen . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  Oxygen 

L 
The speclf~c grav~tles of sollds and llqu~ds refer to water at 4°C . those of gases to alr at 0°C and 760 mm 
pressure The we~ghts per cub~c foot are der~ved from average spec~f~c gravltles. except where stated that 
we~ghts are for bulk. heaped or loose material. etc 

P 

Weight 
Lb . per 
Cu . Ft 

40 
22 
41 
30 
32 
25 
45 
29 
49 
46 
43 
33 
54 
59 
41 
46 
32 
30 
26 
44 
38 
30 
26 
27 
38 
26 

49 
75 
94 

112 
lo6 
58 
57 

62.428 
59.830 

56 
8 

64 

. 08071 

. 0478 

. 1234 
. 07821 
028-.03€ 
038-.03E 
. 00559 
. 0784 
. 0892 

. 
Specific 
Gravity 

0.62-0.6 
0.32-0.3 

0.66 
0.48 
0.51 
0.40 
0.72 

0.42-0.5 
0.74-0.8 

0.73 
0.68 
0.53 
0.86 
0.95 
0.65 
0.74 
0.51 
0.48 
0.41 
0.70 
0.61 
0.48 
0.42 

0.40-0.4 
0.61 
0.41 

0.79 
1.20 
1.50 
1.80 
1.70 

3.91-0.9 
D.90-0.9 

1.0 
0.9584 

3.88-0.9, 
.125 

1.02-1 .0 

1.0 
0.5920 
1.5291 
0.9673 

3.35-0.4: 
3.47-0.4; 
0.0693 
0.9714 
1.1056 



IbDlNG MATER 

Materials 

2EILINGS 
Channel suspended 

system 
Lathing and plastering 
Acoustical fiber tile 

FLOORS 
Steel Deck 

Concrete-Reinforced 1 in. 
Stone 
Slag 
Lightweight 

Concrete-Plain 1 in. 
Stone 
Slag 
Lightweight 

Fills 1 in. 
Gypsum 
Sand 
Cinders 

Finishes 
Terrazzo 1 in. 
Ceramic or Quarry Tile 

3h in. 
Linoleum in. 
Mastic 3/4 in. 
Hardwood % in. 
Softwood 3/4 in. 

3OOFS 
Copper or tin 
Corrugated steel 

3-ply ready roofing 
3-ply felt and gravel 
5-ply felt and gravel 

Shingles 
Wood 
Asphalt 
Clay tile 
Slate % 

Sheathing 
Wood 3/4 in. 
Gypsum 1 in. 

Insulation 1 in. 
Loose 
Poured-in-place 
Rigid 

Weight 
Lb. per Sq. Ft 

1 
See Partitions 

1 

See 
Manufacturer 

12% 
1 1  % 

6 to10 

12 
11 

3 to 9 

6 
8 
4 

13 

10 
1 
9 
4 
2% 

1 
See 

Manufacturer 
1 
5% 
6 

2 
3 

9 to  14 
10 

3 
4 

'h 
2 
1 % 

Materials 

PARTITIONS 
Clay Tile 

3 in. 
4 in. 
6 in. 
8 in. 

10 in. 
Gypsum Block 

2 in. 
3 in. 
4 in. 
5 in. 
6 in. 

Wood Studs 2 x 4 
12-16 in. O.C. 

Steel partitions 
Plaster 1 in. 

Cement 
Gypsum 

Lathing 
Metal 
Gypsum Board 'h in. 

WALLS 
Brick 

4 in. 
8 in. 

12 in. 
Hollow Concrete Block 

(Heavy Aggregate) 
4 in. 
6 in. 
8 in. 

12% in. 
Hollow Concrete Block 

(Light Aggregate) 
4 in. 
6 in. 
8 in. 

12 in. 
Clay tile 

(Load Bearing) 
4 in. 
6 in. 
8 in. 

12 in. 
Stone 4 in. 
Glass Block 4 in. 
Windows, Glass, Frame 

& Sash 
Curtain Walls 

Structural Glass 1 in. 
Corrugated Cement 

Asbestos '/4 in. 

Weig 
Lb. per ! 

25 
30 
33 
45 
55 
18 
8 

Sec 
Manufa1 

15 

3 

For weights of other materials used in building construction, see pages 6-7 and 6-8 



(Metric practice) 

BASE UNITS 

Quantity Unit 
Length Metre 
Mass Kilogram 
Time Second 
Electric current Ampere 
Thermodynamic temperature Kelvin 
Amount of substance Mole 
Luminous intensity Candela 

SUPPLEMENTARY UNITS 

Symbol Quantity Unit Symbol 
m Plane angle Radian rad 
kg Solid angle Steradian sr 
S 

A 
K 
mol 
cd 

DERIVED UNITS (WITH SPECIAL NAMES) 

Quantity Unit Symbol Formula 
Force Newton N kg-m/s2 
Pressure, stress Pascal Pa N/m2 
Energy, work, 

quantity of heat Joule J N-m 
Power Watt W J/s 

DERIVED UNITS (WITHOUT SPECIAL NAMES) 
Quantity Unit 

Area Square metre 
Volume Cubic metre 
Velocity Metre per second 
Acceleration Metre per second squared 
Specific volume Cubic metre per kilogram 
Density Kilogram per cubic metre 

SI PREFIXES 
Multiplication Factor 

1 000 000 000 000 000 000 =10l8 
1 000 000 000 000 000 =loq5 

1 000 000 000 000 =loq2 
1 000 000 000 =lo9 

1 000 000 =lo6 
1 000 =103 

100 =lo2 
10 =lo1 

0.1 =lo-' 
0.01 

0.001 =lo-3 
0.000 001 =lo4 

0.000 ooo 001 
0.000 000 000 001 =lo-l2 

0.000 000 000 000 001 =lo-l5 
0.000 000 000 000 000 001 =lo-l8 

Prefix 
exa 
peta 
tera 
gigs 
mega 
kilo 
hectob 
dekab 
decib 
centib 
milli 
micro 
nano 
pic0 
femto 
atto 

Formula 
m2 
m3 
m/s 
m/s2 
m3/kg 
kg/m3 

Symbol 
E 
P 
T 
G 
M 
k 
h 
da 
d 
C 

m 
P 
n 
P 
f 
a 

aRefer to ASTM E380-79 for more complete information on SI. 
bUse is not recommended. 



WEIGHTS AND MEASURES 
States System 

LINEAR MEASURE 
Inches Feet Yards Rods Furlongs Miles 

1.0 = .08333 = .02778 = .0050505 = .00012626 = .00001578 
12.0 = 1.0 = .33333 = .0606061 = .00151515 = .00018939 
36.0 = 3.0 = 1.0 = ,1818182 = .00454545 = .00056818 

198.0 = 16.5 = 5.5 = 1.0 = .025 = .003125 
7920.0 = 660.0 = 220.0 = 40.0 =1.0 = .I25 

63360.0 =5280.0 =1760.0 =320.0 =8.0 =1.0 

SQUARE AND LAND MEASURE 
Sq. In. Sq. Ft Sq. Yds. Sq. Rods Acres Sq. Milt 

1 .O = ,006944 = ,000772 
144.0 = 1.0 - - .111111 

1296.0 = 9.0 - - 1 .O - - ,03306 = .000207 
39204.0 = 272.25 = 30.25 = 1.0 = ,00625 = .OOOOC 

43560.0 = 4840.0 = 160.0 = 1.0 = .0015E 
3097600.0 = 1 02400.0 =640.0 =1.0 

AVOIRDUPOIS WEIGHTS 

Grains Drams Ounces Pounds Tons 
1.0 = ,03657 = ,002286 = .000143 = .0000000714 

27.34375 = 1 .O = .0625 = .003906 = .00000195 
437.5 = 16.0 = 1.0 = .0625 = .00003125 

7000.0 = 256.0 = 16.0 = 1.0 = .0005 
14000000.0 =512000.0 =32000.0 =2000.0 =1.0 

DRY MEASURE 
Pints Quarts Pecks Cubic Feet Bushels 

1.0 = .5 = ,0625 = .01945 = .01563 
2.0 = 1.0 = .I25 = .03891 = ,03125 

16.0 = 8.0 =1.0 = .31112 = .25 
51.42627 =25.71314 =3.21414 =1.0 = .a0354 
64.0 =32.0 =4.0 =1.2445 -1.0 

LIQUID MEASURE 

Gills Pints Quarts US .  Gallons Cubic Feet 
1.0 = .25 = ,125 = ,03125 = ,00418 
4.0 =1.0 = .5 = .I25 = .01671 
8.0 = 2.0 = 1.0 = ,250 = ,03342 

32.0 = 8.0 = 4.0 = 1 .O = .I3378 
7.48052 = 1 .O 



Quantity 
-- 

Multiolv 

lnch 
Foot 
Yard 
Mile (US. Statute) 

Millimetre 
Metre 
Metre 
Kilometre 

Square inch 
Square foot 
Square yard 
Square mile (US. Statute) 
Acre 
Acre 

Square millimetre 
Square metre 
Square metre 
Square kilometre 
Square metre 
Hectare 

Cubic inch 
Cubic foot 
Cubic yard 
Gallon (US. liquid) 
Quart (US. liquid) 

Cubic millimetre 
Cubic metre 
Cubic metre 
Litre 
Litre 

Ounce (avoirdupois) 
Pound (avoirdupois) 
Short ton 

Gram 
Kilogram 
Kilogram 

bv I to obtain 

Millimetre 
Metre 
Metre 
Kilometre 

lnch 
Foot 
Yard 
Mile 

Square millimetre 
Square metre 
Square metre 
Square kilometre 
Square metre 
Hectare 

Square inch 
Square foot 
Square yard 
Square mile 
Acre 
Acre 

Cubic millimetre 
Cubic metre 
Cubic metre 
Litre 
Litre 

Cubic inch 
Cubic foot 
Cubic yard 
Gallon (US. liquid) 
Quart (US. liquid) 

Gram 
Kilogram 
Kilogram 

Ounce (avoirdupois) 
Pound (avoirdupois) 
Short ton 

aRefer to ASTM E380-79 for more complete information on SI. 
bIndicates exact value. 



Quantitv 

Force 

Bending 
Moment 

Pressure, 
Stress 

Energy, 
Work, 
Heat 

Power 

Angle 

Temper- 
ature 

Newton 
Newton 

Newton-metre 
Newton-metre 

Pound-force per square inch 
Foot of wate; (39.2 F) 
lnch of Mercury (32 F) 

Kilopascal 

Kilopascal 
Kilopascal 

Foot-pound-force 
'British thermal unit 
'Calorie 
Kilowatt hour 

Joule 
Joule 
Joule 
Joule 

Foot-pound-forcelsecond 
British thermal unit per hour 
Horsepower (550 ft. Ibfls) 

Watt 

Watt 

Kilowatt 

Degree 
Radian 

Degree Fahrenheit 
Degree Celsius 

to obtain 

Newton N 
Newton N 

Ounce-force 
Pound-force Ibf 

Newton-Metre N-m 
Newton-metre N-rn 

Kilopascal kPa 
Kilopascal kPa 
Kilopascal kPa 

Pound-force per Ibf/in2 
square inch 

Foot of water (39.2 F) 
lnch of mercury (32 F) , 

Joule 
Joule 
Joule 
Joule 

Foot-pound-force 
'British thermal unit 
'Calorie 
Kilowatt hour 

Watt 
Watt 
Kilowatt 

Foot-pound-force1 
second 

'British thermal unit 
per hour 

Horsepower 
(550 f t.-lbfls) 

Radian 
Degree 

Degree Celsius 
Degree Fahrenhc 

J 
J 
J 
J 

ft-lbf 
Btu 

UW-h 

W 
W 
kW 

ft-lbfl: 

Btulh 

hP 

rad 

aRefer to ASTM E380-79 for more complete information on SI. 
blndicates exact value. 
%ternational Table. 



To Formula To 
Given Find Given Find Formula 

bPw f d ( b  + P ) ~  + w2 
bw 

bpw (b + P ) ~  + w2 I bnw / I $(b - n)' + w2 

- 
Given Formula 

d ( b  + P ) ~  + w2 
d ( b  + k)' + v2 
bw(b + k) + [v(b + p) + 

w(b + k)l 
bv(b + p) + [v(b +p) + 

w(b + k)l 
fbv + [v(b + p) + 

w(b + k)l 
brnw + [v(b + p) + 

w(b + k)l 
bvw + [v(b + p) -+ 

w(b + k)l 
aw + f 
cw + rn 

k = (log B - log T) + no 
of panels. Constant k 
plus the logarithm of an) 
line equals the log of the 
corresponding line in the 

T next panel below. 
= T H + ( T + e + p )  
= T h + ( T + e + p )  
= 4(% T + 1/2 e)' + a' 

= ce + (T + e) 
log e = k + log 1 
log f = k + log 2 

log g = k + log I: 
log m = k + log c 
log n = k + log c 
log p = k + log c 

The above method can be used for any 
number of panels. 
In the formulas for "a" and "b" the sum in 
parenthesis, which in the case shown in 
(T + e + p), is always composed of all 
the horizontal distances 



PROPERTIES OF RABOLA AND ELLIPSE 

PARABOLA 

Parameter P= B2+H Area z2/, HB 
x = y L P  
y =JCP 

a b c d e  

ELLIPSE 

(xZ- HZ) + (y2- 8') = 1 

1 Minor rerni.aiir=B 

Area = ,7854 Dd 

Center of gravity 
(shaded area)- 

AREA BETWEE PARABOLIC CURVE AND SECANT 

Length b may vary from 0 to 28 



Circumference = 6.2831 8 r = 3.1 41 59 d 
Diameter = 0.31831 circumference 
Area = 3.14159 r2 

ar A" 
Arc a = - 

180" 
= 0.01 7453 r A" 

180" a a 
Angle A" = - = 57.29578 - 

71 r 

4 bZ + c2 
Radius r = - 

8 b  
A 

Chord c = 2 d m  = 2 r sin 5 

Diameter of circle of equal periphery as square = 1.27324 side of square 
Side of square of equal periphery as circle = 0.78540 diameter of circle 
Diameter of circle circumscribed about square = 1.41421 side of square 
Side of square inscribed in circle = 0.7071 1 diameter of circle 

CIRCULAR SECTOR 
r = radius of circle y = angle ncp in degrees 

Area of Sector ncpo = % (length of arc nop x r) 

Y 
= area of c~rcle x - 

360 

= 0.0087266 x r 2  x y 

CIRCULAR SEGMENT 

-7 r = radius of circle x = chord b = rise 

Area of Segment nop = area of Sector ncpo - area of triangle ncl 

- - (Length of arc nop x r) - x (r - b) 
2 

L-' Area of Segment nsp = area of circle - area of segment nop 

VALUES FOR FUNCTIONS OF .rr 
T = 3.14159265359, log = 0.4971499 - 

1 
r2 = 9.8696044 log = 0,9942997 - = 0.3183099, log = ~5028501 \/l = 0.5641896.10g = i.751425. 

71 71 

1 - - 
= 31.0062767, log = 1.4914496 - - 0.1013212, log = 1.0057003 = 0.0174533, log = 2.2418774 

n2 - 180 

1 - 180 & = 1.7724539, log = 0.2485749 = 0.0322515, log = 2.5085504 - = 57.2957795, log = 1.758122f 
71 

- 
Note: Logs of fractions such as i:5028501 and 2:5085500 may also be written 9.5028501 - 10 and 
8.5085500 - 10 respectively. 



S Q U A R E  
Axis of moments through center 

SQUARE 
Axis of moments on base 

SQUARE 
Axis of moments on diagonal 



RECTANGLE 
Axis of moments on base 

RECTANGLE 
Axis of moments on diagonal 

RECTANGLE 
Axis of moments any line 
through center of gravity 

A = bd 
b sin a + d cos a 

C = 
2 - 

I = 
bd (b%in2a + d2 cos2a) 

12 
bd (b2 sin2a + d2 cos2a) 

S = 
6 (b sin a + d cos a) 

HOLLOW RECTANGLE A = bd - bldl 
Axis of moments through center d c = -  

2 



EQUAL RECTANGLES A = b (d - dl) 
Axis of moments through d c = -  

center of gravity 2 

S = 
b (d3 - dl3) 

r = 
12 (d - dl) 

UNEQUAL RECTANGLES 
Axis of moments through 

center of gravity 

TRIANGLE 
Axis of moments through 

center of gravity 
2d c = -  
3 
bd3 I = -  
36 

d r = --- = ,235702 d 

TRIANGLE 
Axis of moments on base A = -  bd 

2 



TRAPEZOID d(b + bl) 
Axis of moments through 

A = --- 
2 

center of gravity d(2b + bl) 
C = 

3(b + bi) 
d3 (b2 + 4 bbi + biz) 

I = 
36 (b + bi) 

d2 (b2 + 4 bbl + b12) 
- S = 12 (2b + bi) 

r = -  v 2  (b2 + 4 bbl + b12) 
6(b + bi) 

Trd2 
CIRCLE A = -  = wR2 ,785398 d2 = 3.141593 R2 

4 
Axis of moments 
through center d c = -  = R  

2 

HOLLOW CIRCLE A = 
m(d2 - dl2) 

= ,785398 (d2 - d12) 
4 

Axis of moments 
through center d c = -  

2 

HALF CIRCLE aR2 
Axis of moments through A = -  = 1.570796 R2 

2 
center of gravity 

c = R 1 - -  3 = ,575587 R 





*QUARTER ELLIPSE 

*ELLIPTIC COMPLEMENT A = ab (1 - i) 



REGULAR POLYGON 
Axis of moments 
through center 

n = Number of sides 
180" 4 = -  

n 

a = 2 2 / ~ ~  - R12 
a R = -  

2 sin 4 
a 

R1 = - 
2 tan 4 
1 1 

A = - na2 cot I$ = - nR2 sin 24 = nR12 
4 2 

I, = 12 = 
A(6R2 - a2) - - A(12R12 + a') 

24 48 

tar 

ANGLE 2 K 
tan 20 = - 

Axis of moments through IY - IX 
center of gravity b2 + ct 

A = t ( b + c ) x = -  
d2 + at 

2 (b+c )  '=2(b+c) 
K = Product of Inertia about X-X & Y-Y 

- - - abcdt +- 
4(b + c) 

1 
Ix = - [t(d - Y ) ~  + by3 - a(y - t)3] 

3 
1 

Iy = - [ t ( b - ~ ) ~ + d x ~ - c ( ~ - t ) ~ ]  
X 

3 
IZ = Ix sin20 + ly cos20 + K sin20 

Iw = Ix cos28 + ly sin20 - K sin28 
K is negative when heel of angle, with respec 
to c. g., is in 1st or 3rd quadrant, pos~tive wher 

Z-Z is axis of minimum I in 2nd or 4th quadrant. 

BEAMS AND CHANNELS 
Transverse force oblique 
through center of gravity 

I3 = Ix sin2+ + ly cos24 

I, = Ix cos24+ I, sin2+ 

3 

where Mj is bending moment due to force F. 



Radius AF = 1 
TRIGONOMETRIC = sin2 A+ cos2 A = sin A cosec A 

FUNCTIONS = cos A sec A = tan A cot A 
cos A 

Sine A = - = - - 
n Q 

- c o s ~ t a n ~ = - = B  
cot A cosec A 

Cosine A = - Sin A = - = sin A cot A = -A = AI 
tan A sec A 

L 
Tangent A = - Sin A = - = sin A sec A = Fi 

cos A cot A 
cos A 1 

Cotangent A = - = - = cos A cosec A = H 
sln A tan A 
tan A 1 

Secant A = - = - = A  
sin A cos A 
cot A 1 Cosecant A = - = - = A, 
COs A sln A 

RIGHT ANGLED 
TRIANGLES 

Known 
red 

Area 

tan A = 2 
b 

sin A = 2 

b 
tan B = - 

cos B = a 
90" - A 

90" - A 

90" - A 

ab - 
2 

a- 
2 

a2 cot A 
2 

b2 tan A 
2 

c2 sin 2 A 
4 

dT-2 

a cot A 
a - 

sin A 
b - 

cos A 
b tan A 

c sin A c cos A 

OBLIQUE ANGLED 
TRIANGLES a2 = b2 + c2 - 2 bc cos A 

b2 = a2 + c2 - 2 ac cos B 

Re1 

C 
1 

tan - C = 
2 

K - 
S - C  

180"-(A+B) 

uired 

b - 

a sin B - 
sin A 

Area 

u s  (s-a) (s-b) (s- 
1 

I, b, c tan - A = 
2 

K - 
s - a 

tan I B = 
2 

K - 
S - b  

a sin C - 
sin A 

b sin C - 
sin I3 

qa2+b2-2 ab cos C 

b sin A 
sin B = - 

a sin C 
tanA=- 

b-a cos C 
ab sin C 

2 



Fraction I %r 

With Millimeter Equivalents 

Decimal Millimeters Fraction 
(APP~ox.) / /  

- - 

Decimal Millimeters 
(Approx.) 

13.097 
13.494 
13.891 
14.2188 

14.684 
15.081 
15.478 
15.8% 

16.272 
16.6169 
17.066 
17.463 

17.8h 
l8.2b6 
18.653 
19.050 

19.447 
19.844 
20.241 
20.698 

21.034 
21.491 
21.828 
22.225 

22.622 
23.019 
23.416 









Cross-sectional area, in.' 
Gross area of an axially loaded compression member, in.' 
Nominal body area of a fastener, in.' 
Area of an upset rod based upon the major diameter of its threads, i.e., the 

diameter of a coaxial cylinder which would bound the crests of the upset 
threads, in.' 

Planar area of web at beam-to-column connection, in.' 
Actual area of effective concrete flange in composite design, in.' 
Concrete transformed area in compression, in.' 

Effective net area of an axially loaded tension member, in.' 
Area of compression flange, in.' 
Effective tension flange area, in.' 
Gross beam flange area, in.' 
Net beam flange area, in.' 
Gross area of member, in.' 
Net area of an axially loaded tension member, in.' 
Area of steel beam in composite design, in.' 
Area of compressive reinforcing steel, in.' 
Area of reinforcing steel providing composite action at point of ne 

moment, in.' 
Cross-sectional area of a stiffener or pair of stiffeners, in.' 
Net tension area, in.' 
Net shear area, in.' 
Area of girder web, in.' 
Area of steel bearing concentrically on a concrete support, in.' 
Maximum area of the portion of the supporting surface that is geomet 

similar to and concentric with the loaded area, in.' 
Bending coefficient dependent upon computed moment or stress at th 

of unbraced segments of a tapered member 
Allowable load per bolt, kips 
Load per bolt, including prying action, kips 
Coefficient for determining allowable loads in kips for eccent 

loaded connections 
Coefficient used in Table 4 of Numerical Values 
Constant used in calculating moment for end-plate design: 1.13 for 

and 1.11 for 50-ksi steel 
Bending coefficient dependent upon moment gradient 

ative 

cally 

ends 

cally 

6-ksi 

Coefficient used in calculating moment for end-plate design 
=% 



- 30 
Cc Column slenderness ratio separating elasti inelastic buckling 

C; Column slenderness ratio dividing elastic a lastic buckling, modified to 
account for effective width of wide compression elements 

Coefficient used in Table 12 of Numerical values 
Coefficient applied to bending term in interaction equation for prismatic 

members and dependent upon column curvature caused by applied mo- 
ments 

Coefficient applied to bending term in interaction equation for tapered 
members and dependent upon axial stress at the small end of the member 

Stiffness factor for primary member in a flat roof 
Stiffness factor for secondary member in a flat roof 
Ratio of "critical" web stress, according to the linear buckling theory, to the 

shear yield stress of web material 
Warping constant for a section, in.6 
Coefficient for web tear-out (block shear) 
Increment used in computing minimum spacing of oversized and slotted 

holes 
Coefficient for web tear-out (block shear) 
Increment used in computing minimum edge distance for oversized and slot- 

ted holes 
Factor depending upon type of transverse stiffeners 
Outside diameter of tubular member, in. 
Number of %inches in weld size 
Modulus of elasticity of steel (29,000 ksi) 
Modulus of elasticity of concrete, ksi 
Tangent modulus of elasticity, ksi 
Axial compressive stress permitted in a prismatic member in the absence of 

bending moment, ksi 
Axial compressive stress permitted in a tapered member in the absence of 

bending moment, ksi 
Bending stress permitted in a prismatic member in the absence of axial 

force, ksi 
Allowable bending stress in compression flange of plate girders as reduced 

for hybrid girders or because of large web depth-to-thickness ratio, ksi 
Bending stress permitted in a tapered member in the absence of axial force, 

ksi 
Euler stress for a prismatic member divided by factor of safety, ksi 
Euler stress for a tapered member divided by factor of safety, ksi 
Flange force due to moment in end-plate connections, kips 
Allowable bearing stress, ksi 
St. Venant torsion resistance bending stress in a tapered member, ksi 
Allowable axial tensile stress, ksi 
Specified minimum tensile strength of the type of steel or fastener being 

used, ksi 



6 - 31 

Allowable shear stress, ksi 
Flange warping torsion resistance bending stress in a tapered member, ksi 
Specified minimum yield stress of the type of steel being used, ksi. Ag used 

in this Manual, "yield stress" denotes either the specified minimum yield 
point (for those steels that have a yield point) or specified minimum yield 
strength (for those steels that do not have a yield point) 

The theoretical maximum yield stress (ksi) based on the width-thickness 
ratio of one-half the unstiffened compression flange, beyond which ki par- 
ticular shape is not "compact." See AISC Specification Sect. B5.1. 

The theoretical maximum yield stress (ksi) based on the depth-thiok 
ratio of the web below which a particular shape may be considered "c 
pact" for any condition of combined bending;nd axial stresses. See 
Specification Sect. 

= [Z]' 
Specified minimum column yield stress, ksi 
Specified minimum yield stress of flange, ksi 
Specified minimum yield stress of the longitudinal reinforcing steel, 
Specified minimum stiffener yield stress, ksi 
Specified minimum yield stress of beam web, ksi 
Shear modulus of elasticity of steel (11,200 ksi) 
Nomograph designation of end condition used in column design to 

mine the effective length 
Length of a stud shear connector after welding, in. 
Moment of inertia of a section, in.4 
Moment of inertia of steel deck supported on secondary members, 
Effective moment of inertia of composite sections for deflection con 

tions, in.4 
Moment of inertia of primary member in flat-roof framing, in.4 
Polar moment of inertia, in.4 

oment of inertia of secondary member in flat-roof framing, in.4 
Moment of inertia of steel beam in composite construction, in.4 
Moment of inertia of transformed composite section, in.4 
Moment of inertia of a section about the X - X axis, ine4 
Moment of inertia of a section about the Y - Y axis, in.4 
Torsional constant of a cross-section, im4 
Effective length factor for a prismatic member 
Effective length factor for a tapered member 
Span length, ft 
Length of connection angles, in. 
Unbraced length of tensile members, in. 
Unbraced length of member measured between centers of gravity ( 

bracing members, in. 

in. 

nP 

ness 
:om- 
,ISC 

ii 

:ter- 

4 

uta- 

the 



aximum unbraced length of the compression ange at which the allowable 
bending stress may be taken at 0 .664  or as determined by AISC Specifi- 
cation Eq. (Fl-3) or Eq. (F3-2), when applicable, ft 

Unsupported length of a column section, ft 
Distance from free edge to center of the bolt, in. 
Unsupported length of a girder or other restraining member, ft 
Length of primary member in flat-roof framing, ft 
Length of secondary member in flat-roof framing, ft 
Maximum unbraced length of the compression flange at which the allowable 

bending stress may be taken at 0.6Fy, ft 
Span for maximum allowable web shear of uniformly loaded beam, ft 
Moment, kip-ft 
Maximum factored bending moment, kip-ft 
Smaller moment at end of unbraced length of beam-column 
Sum of moments due to lateral load and wind load on the leeward side of 

beam-to-column connections, kip-in. 
Larger moment at one end of three-segment part of a tapered member 
Larger moment at end of unbraced length of beam-column 
Difference between the moments due to lateral load and gravity load on the 

windward side of beam-to-column connections, kip-in. 
Maximum moment in three adjacent segments of a tapered member 

Moment produced by dead load 
Moment produced by live load 
Moment produced by loads imposed after the concrete has achieved 75% of 

its required strength 
Extreme fiber bending moment in end-plate design, kip-in. 
Critical moment that can be resisted by a plastically designed member in the 

absence of axial load, kip-ft 
Plastic moment, kip-ft 
Length of base plate, in. 
Length of bearing of applied load, in. 
Length at end bearing to develop maximum web shear, in. 
Number of stud shear connectors on a beam in one transverse rib of a metal 

deck, not to exceed 3 in calculations 
Number of shear connectors required between point of maximum moment 

and point of zero moment 
Number of shear connectors required between concentrated load and point 

of zero moment 
Applied load, kips 
Force transmitted by a fastener, kips 
Factored axial load, kips 
Normal force, kips 
Beam reaction divided by the number of bolts in high-strength bolted con- 

nection, kips 
Plate bearing capacity in single-plate shear connections, kips 



Factored beam flange or connection plate force in a restrained con 
kips 
aximum strength of an axially loaded compression member or be 
uler buckling load, kips 

Effective horizontal bolt 
Distance between top or bottom of top flange to nearest bolt, in. 
Force, from a beam flange or moment connection plate, that a col 

resist without stiffeners, as determined using Eq. (Kl-1), kips 
Force, from a beam flange or moment connection plate, that a col 

resist without stiffeners, as determined using Eq. (Kl-8), kips 
Force, in addition to Pwo 

a beam flange or mom 
rived from Eq. (Kl-9), kips 

Force, from a beam flange or moment connection plate of zero thi 
that a column will resist without stiffeners, as derived from Eq. (Kl- 

Plastic axial load, equal to profile area times specified minimum yi 
kips 

Prying force per fastener, kips 
Full reduction factor for slender compression elements 
Ratio of effective profile area of an axially loaded member to its t 

area, Appendix B5.2 
Statical moment of 
Axial stress reduction factor where width-thickness ratio of unstiffene 

ments exceeds noncompact section limits given in Specification Sect. 
Statical moment of cross section, in.3 
Maximum end reaction for 3% in. of bearing, kips 
Reaction or concentrated load applied to beam or girder, kips 
Radius, in. 
Shear force in a single element at any given deformation, kips 

A constant used in web yielding calculations, from Eq. (Kl-3), kips 
= 0.66 F, tw (2.5k) 
A constant used in web yielding calculations, from Eq. (Kl-3), kipsli 
= 0.66 F, tw 
A constant used in web crippling calculations, from Eq. (Kl-5), kips 
= 34 t; 
A constant usid in web crippling calculations, from Eq. (Kl-5), kips, 

Resistance to web tear-out (block shear), kips 
Plate girder bending strength reduction factor 

olt group capacity in single-plate shear connections, kips 
Hybrid girder factor 
Increase in reaction R in kips for each additional inch of bearing 
Plate capacity in yielding in single-plate shear connections, kips 
Ultimate shear load of a single element 

1 ele- 
B5.1 

1. 

n. 



Shear capacity of the net section of connection angles 
Elastic section modulus, h3 
Spacing of secondary members in a 
Governing slenderness ratio of a tapered member 
Additional section modulus corresponding to ?kin. increase in web thick- 

ness for welded plate griders, in.3 
Effective section modulus corresponding to partial composite action, h3 
Section modulus of steel beam used in composite design, referred to the 

bottom flange, in.3 
Section modulus of transformed composite cross-section, referred to the 

top of concrete, in.3 
Section modulus relative to the top of the equivalent transformed steel sec- 

tion, in.3 
Section modulus of transformed composite cross section, referred to the 

bottom flange; based upon maximum permitted effective width of con- 
crete flange, im3 

Warping statical moment at a point in the section, i a 4  
Elastic section modulus about the X - X axis, in.3 
Horizontal force in flanges of a beam to form a couple equal to beam end 

moment, kips 
Bolt force, kips 
Specified pretension of a high-strength bolt, kips 
Factor for converting bending moment with respect to Y - Y axis to an 

equivalent bending moment with respect to X - X axis 

Reduction coefficient used in calculating effective net area 
Maximum web shear, kips 
Statical shear on beam, kips 
Shear produced by factored loading, kips 
Friction force, kips 
Total horizontal shear to be resisted by connectors under full composite ac- 

tion, kips 
Total horizontal shear provided by the connectors providing partial com- 

posite action, kips 
Story shear, kips 

Total uniform load, including weight of beam, kips 
Normalized warping function at a point at the flange edge, in.' 
Ratio of yield stress of web steel to yield stress of stiffener steel 
Distance from top of steel beam to centroid of concrete compressive area, 

in. 
Plastic section modulus, in.3 
Plastic section modulus with respect to the major (X -X) axis, i a 3  
Plastic section modulus with respect to the minor (Y -Y) axis, in.3 



fb 

fbl 

fb2 

fbl 

Distance from bolt line to application of prying force Q, in. 
Clear distance between transverse stiffeners, in. 
Dimension parallel to the direction of stress, in. 
Distance beyond theoretical cut-off point required at ends of weld 

length cover plate to develop stress, in. 
Actual width of stiffened and unstiffened compression elements, 
Dimension normal to the direction of stress, in. 
Fastener spacing vertically, in. 
Distance from the bolt centerline to the face of tee stem or angle 

termining prying action, in. 
Effective concrete slab width based on AISC Specification Sect. 
Effective width of stiffened compression element, in. 
Flange width of rolled beam or plate girder, in. 
Beam flange width in end-plate design, in. 
End-plate width, in. 
Depth of column, beam or girder, in. 
Diameter of a roller or rocker bearing, in. 
Nominal diameter of a fastener, in. 
Depth of beam framing into a column on leeward side of 
Depth of beam framing into a column on windward side of con 
Depth at the larger end of a tapered member, in. 
Bolt diameter, in. 
Web depth clear of fillets, in. 
Diameter of hole, in. 
Depth of the larger end of an unbraced segment of a tapered 
Depth at the smaller end of a tapered member or unbra 

thereof, in. 
Base of natural logarithm (-2.718) 
Eccentricity or distance from point of load application to 
Distance from outside face of web to the shear center of a 

in. 
Axial compression stress on member based on effective area, ksi 
Computed axial stress, ksi 
Computed axial stress at the smaller end of a tapered memb 

segment thereof, ksi 
Computed bending stress, ksi 
Smallest computed bending stress at one end of a tapered s 
Largest computed bending stress at one end of a tapered segment, 
Computed bending stress at the larger end of a tapered 

braced segment thereof, ksi 
Specified compression strength of concrete, ksi 
Actual bearing pressure on support, ksi 
Computed tensile stress, ksi 
Computed shear stress, ksi 



Shear between girder web and transverse stiffeners kips 
single stiffener or pair of stiffeners 

Transverse spacing locating fastener gage lines, in. 
Clear distance between flanges of a beam or girder at the section under in- 

vestigation, in. 
Total depth of composite beam, from bottom of steel beam to top of con- 

crete, in. 
Nominal rib height for steel deck, in. 
Factor applied to the unbraced length of a tapered member 
Factor applied to the unbraced length of a tapered member 
Distance from outer face of flange to web toe of fillet of rolled shape or 

equivalent distance on welded section, in. 
Compression element restraint coefficient 
Shear buckling coefficient for girder webs 
For beams, distance between cross sections braced against twist or lateral 

displacement of the compression flange, in. 
For columns, actual unbraced length of member, in. 
Unsupported length of a lacing bar, in. 
Length of weld, in. 
Largest laterally unbraced length along either flange at the point of load, in. 
Actual unbraced length in plane of bending, in. 
Critical unbraced length adjacent to plastic hinge, in. 
Distance from centerline of fastener hole to free edge of part in the direc- 

tion of the force, in. 
Distance from centerline of fastener hole to end of beam web, in. 
Factor for converting bending to an approximate equivalent axial load in 

columns subjected to combined loading conditions 
Cantilever dimensions of base plate, in. 
Number of fasteners in one vertical row 
Cantilever dimension of base plate, in. 

odular ratio (EIE,) 
Allowable horizontal shear to be resisted by a shear connector, kips 
Governing radius of gyration, in. 
Radius of gyration of a section comprising the compression flange plus Y3 of 

the compression web area, taken about an axis in the plane of the web, in. 
Radius of gyration at the smaller end of a tapered member or unbraced seg- 

ment thereof, considering only the compression flange plus ?4 of the com- 
pression web area, taken about an axis in the plane of the web, in. 

Radius of gyration about axis of concurrent bending, in. 
Radius of gyration about axis of concurrent bending at the smaller end of a 

tapered member or unbraced segment thereof, in. 
Radius of gyration at the smaller end of a tapered member, in. 
Allowable shear or bearing value for one fastener, kips 
Radius of gyration with respect to the X - X axis, in. 
Radius of gyration with respect to the Y - Y axis, in. 
Radius of gyration with respect to Y - Y axis of double angle member, in. 
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Longitudinal center-to-center spacing (pitch) of any two consecutive 
in. 

Thickness of a connected part, in. 
Wall thickness of a tubular member, in. 
Angle thickness, in. 
Compression element thickness, in. 
Filler thickness, in. 
Thickness of concrete in compression, in. 
Thickness of beam ange or moment connection plate at rigid bc 

column connection, in. 
Flange thickness, in. 
Thickness of beam flange in end-plate connection design, in. 
Thickness of concrete slab above metal deck, in. 
End-plate thickness, in. 
Stiffener plate thickness, in. 
Web thickness, in. 
Column web thickness, in. 
Length of channel shear connectors, in. 
Plate width (distance between welds), in. 
Average width of rib or haunch of concrete slab on formed steel dt 
Subscript relating symbol to strong axis bending 
Subscript relating symbol to weak axis bending 
Distance from neutral axis of composite beam to bottom of steel be 
Location of elastic neutral axis from bottom of steel beam, in. 
Distance from the smaller end of a tapered member, in. 
Ratio of sides of a flat plate with one edge fixed, one edge free, and 1 

short edges supported 

Constant used in equation for hybrid girder factor Re, Ch. G 
= 0.6 F,,IFb 5 1.0 
Moment ratio used in prying action formula for end-plate design 
Ratio S, 14 or Sefl/Ss 
Beam deflection, in. 
Displacement of the neutral axis of a loaded member from its positio 

the member is not loaded, in. 
Ratio of net area (at bolt line) to the gross area (at the face of the s 

angle leg) 
Tapering ratio of a tapered member or unbraced segment of a t 

member 
Subscript relating symbol to tapered members 
Coefficient of friction 
Poisson's ratio, may be taken as 0.3 for steel 
1,000 Ibs. 
Expression of stress in ki 

loles, 

~rn-to- 

:k, in. 

rn, in. 
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AISC Code of Standard Practice for Steel Buildings and Bridges . . . . . . . . . . .  
AISC Quality Certification Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AISC Specification for Structural Steel Buildings . 

Allowable Stress Design and Plastic Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. beam connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. bolts; tension. shear. bearing . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. columns. double angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. columns. general notes and design examples . . . . . . . . . . . . . .  
Allowable loads. columns. pipe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. columns. structural tees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. columns. tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable Ioads. columns. W and S shapes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. edge distance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable loads. rivets; tension. shear. bearing . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable moments. beams. discussion and charts . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable shear. connection angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable shear stress in webs (tension field action included) . . . . . . . . . . . . . . .  
Allowable shear stress in webs (tension field action not included) . . . . . . . . . . .  
Allowable stress. compression members . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Allowable stress design. beam selection table . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Allowable uniform loads. beams 
Allowable unit stresses. AISC Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
American Standard beams; see S shapes 
American Standard channels (C); see channels 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Anchor bolts. ASTM material for 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Anchor bolts. suggested details 

Anchors. government and wall; suggested details . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angle struts. discussion 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angles. connection. allowable shear 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angles. dimensions and properties 

Angles. double; see double angles 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angles. gages and crimps 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angles. geometric properties 
. . . . . . . . . . . . . . . . . . . . . .  Angles. split from channels. standard mill tolerances 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Angles. standard mill tolerances 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Areas. bars; round and square 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Areas. rectangular sections 
. . . . . . . . . . . . . .  Areas. structural sections; method of increasing. mill practice 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Areas. surface and box. W shapes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Assembling clearances. high-strength bolts 

Availability of shapes. plates and bars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Availability of steel pipe and structural tubing . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bars and plates. general notes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bars. square and round. weight and area 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Base plates. column. design procedure 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Base plates. column. finishing 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Base plates. column. suggested details 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam allowable uniform loads 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam bearing plates. design procedure 
Beam connections; see connections 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam copes. blocks and cuts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam camber and deflection. coefficients 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam camber. standard mill practice 
Beam composite design; see composite design 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam diagrams and formulas 
Beam dimensions; see specific shape 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Beam geometric properties 
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Beam properties; see specific shape 
Beam selection table. allowable stress design . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beam selection table. moment of inertia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beam selection table. plastic design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beam webs. crippling values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beams. unbraced length greater than Lu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bearing; bolts. threaded parts and rivets; allowable loads . . . . . . . . . . . . . . . . . .  
Bearing piles; see HP shapes 
Bearing plates; see beam bearing plates 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bent plates. minimum radius for cold bending 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Block shear. coefficients 

Bolted connections; see connections 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolt holes. reduction of area for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. allowable loads; tension. shear. bearing 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. gnchor. suggested details 

Bolts. clearances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. heads and nuts. dimensions 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. high strength. dimensions 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. hook. for crane rails 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. minimum thread lengths 
Bolts. Specification for Structural Joints Using ASTM A325 and A490 Bolts . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. swedge. suggested details 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. threads. dimensions 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bolts. weights 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bracing formulas 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bracket plates. net section moduli 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Brittle fracture 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Building materials. weights 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Built-up sections. heavy welded 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Butt plate column splices 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Camber and deflection coefficients 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Camber. plates. standard mill practice 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Camber. rolled shapes. by heat 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Camber. rolled shapes. standard mill practice 

Carbon steel. standard nomenclature for flat-rolled . . . . . . . . . . . . . . . . . . . . . . . .  
Channels. American Standard (C). dimensions and properties . . . . . . . . . . . . . .  
Channels. Miscellaneous (MC). dimensions and properties . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Channels. standard mill tolerances 
Channels. used as beams. allowable uniform loads . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Circleg. properties of 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Clamps. crane rail 

Clearances. flange cuts for column web connections . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Clearances. assembling. high strength bolts 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~leardnces. threaded fasteners and rivets 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Clevises 

Code of Standard Practice for Steel Buildings and Bridges . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coefficients for camber and deflection 

Coefficients for eccentric loads on fastener groups . . . . . . . . . . . . . . . . . . . . . . . .  
Coefficients for eccentric loads on weld groups . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coefficients for single-angle connections 
Coefficients for web tear-out (block shear) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Coefficients of expansion 
Cold bending of plates. minimum radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ o ~ u d n s .  allowable loads. double angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Columns. allowable loads. general notes 
. . . . . . . . . . . . . . . . . . . . . .  Columns. allowable loads. pipe and structural tubing 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Columns. allowable loads. structural tees 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Columns. allowable loads. W and S shapes 

Columns. allowable stress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Columns. base plates. design procedure and finishing . . . . . . . . . . . . . . . . . . . . . .  
Columns. base plates. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Columns. combined axial and bending loading (interaction) . . . . . . . . . . . . . . . .  
Columns. splices. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Columns. web stiffeners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Combination sections. properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Commentary on the AISC Specification for Structural Steel Buildings - 

Allowable Stress Design and Plastic Design . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Compact section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composite design. design examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composite design. general notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composite design. partial composite action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Composite design. beam selection tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Compression members; see columns or single-angle struts 
Concentrated load equivalents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. allowable loads on bolts. threaded parts and rivets . . . . . . . . . . . .  
Connections. bracket plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. eccentric. loads on fastener groups . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. eccentric. loads on weld groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. eccentric. single-angle 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. end.plate. moment 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. end.plate. shear 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. framed beam. bolted 
..................................... Connections. framed beam. welded 

Connections. framed beam. welded and bolted . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. hanger type 

........................................ Connections. moment. end-plate 
Connections. moment. field.welded. field-bolted . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. moment. shop.welded. field-bolted . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. moment. welded 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. seated beam. bolted 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. seated beam. stiffened. bolted 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. seated beam. stiffened. welded 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. seated beam. welded 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. single.plate. shear 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. anchor bolts 
Connections. suggested details. angle wall anchors . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. suggested details. beam-over-column (continuity) . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. beam-to-column 
. . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. column base plates 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. column splices 
..................................... Connections. suggested details. girts 

....................... Connections. suggested details. government anchors 
................................. Connections. suggested details. moment 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. moment splices 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. pipe 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. purlins 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. shear 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. shear splices 
. . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. skewed and sloped 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Connections. suggested details. swedge bolts 
Connections. suggested details. tie rods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Connections. suggested details. tubing ................................... 
Connections. welded joints; see welded joints 

. . . . . . . . . . . . . . . . .  Continuous spans. design properties of cantilevered beams 
................................ Continuous spans. diagrams and formulas 

Continuous beams. theorem of three moments . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Conversion factors. engineering 

Copes. fabricating practices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cotter pins. dimensions and weights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  Crane rails and fastenings; notes. dimensions and properties 
Crimps in angles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Crippling values of beam webs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cross-reference to 1978 AISC Specification 



Decimals of a foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-26 . 6-27 
Decimals of an inch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-29 
Deflection. beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-32 
Deflection. coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-313 
Desigp loads. weights of building materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-9 
Dimemsions: see specific item 
Double angles. allowable concentric loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-59 - 3-84 

. Double angles. properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-75 1-81 

Eccentric connections. single-angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eccentric loads. design of columns for axial and bending loading 

(interaction) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eccentric loads on fastener groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Eccentric loads on weld groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Edge distance. allowable loads. bearing .................................. 
Ellipse. properties of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
End-pjate moment connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  End-plate shear connections 
Engineering conversion factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Equations. AISC Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Equations. beam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Equations. bracing 
Equations. column . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Equations. Properties of geometric sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Equations. trigopometric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Equivalents. decimals of a foot 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Equivalents. decimals of an inch 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Expaasion. coefficients of 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fabricating practices 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Factors. engineering conversion 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fasteqer.groups. eccentric loads 

Faste~ers. threaded; see bolts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~astel i in~s.  crane rails 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fatigue 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Feet. decimal equivalents 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fillet welds. prequalified 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Finishing. column base plates 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fire resistance of steel 
Flange cuts. clearances for column web connections . . . . . . . . . . . . . . . . . . . . . . .  
Flange slope. rolled sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Flexural-torsional properties 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Floor plates. weights 

Floor plates. bending capacity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Framed beam connections (also see Connections) . . . . . . . . . . . . . . . . . . . . . . . . .  
Framing. beam; suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Gageq. angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-52 
Gages. sheet metal and wire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-2 
Geometric sections. properties of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-17 - 6-23 
Girders; see Plate girders or Beams 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Girt connections. suggested details 4-135 
Groove welds. complete.penetration. prequalified . . . . . . . . . . . . . . . . . . . . . . . . .  4-157 - 4-167 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Groove welds. partial.penetration. prequalified 4-168 - 4-173 

HP shapes. dimensions and properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-38 . 1-39 
. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Hangertypeconnections 4-89 4-95 
. Heat. effect on steel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6-3 6-5 



High-strength bolts. allowable loads ..................................... 
High-strength bolts. dimensions ......................................... 
High-strength bolts. specifications for assembly of joints with ............... 
High-strength bolts. weights ............................................ 
Holes. reduction of area for ............................................ 
Hook bolts for crane rails .............................................. 
Hybrid girders. allowable web shear stress (tension field action included) ..... 
Hybrid girders. allowable web shear stress (tension field action not included) . 
Hybrid girders. design example ......................................... 

I shapes; see S shapes 
Impact wrenches. clearances ............................................ 
Inches. decimal equivalents ............................................. 

Jumboshapes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

K factor. column design. explanation and determination of ................. 

L shapes; see Angles 
...................................................... Lamellar tearing 

.................................... Length of thread on bolts. minimum 
Loads. allowable; see Allowable loads 
Loads. crane runway horizontal forces (AISC Specification) ................ 
Loads. eccentric on columns ............................................ 
Loads. impact (AISC Specification) ..................................... 
Loads. live and dead. definition of (AISC Specification) ................... 
Loads. moving. beam diagrams and formulas ............................. 

M shapes. dimensions and properties .................................... 
M shapes. used as beams. allowable uniform loads ........................ 
MC shapes; see Channels 
MT shapes; see Tees 

.......................... Materials. general. weights and specific gravities 
................................................. Measures and weights 
................................................. Mill practice. standard 

Minimum radius for cold bending of plates ............................... 
Miscellaneous channels; see Channels 
Miscellaneous shapes; see M shapes 

.................... Modulus of elasticity of steel. effect of temperature on 
.......................................... Moment and shear coefficients 

Moment connections; see Connections. moment 
.............................................. Moment diagrams. beams 

...................................... Moment of inertia. selection tables 
.................... Moment of inertia. shapes with respect to oblique axes 

........................................... Net area of tension members 
......................................... Net section of tension members 

...................................... Net section moduli of bracket plates 
............................. Nomenclature. beam diagrams and formulas 

..................................................... Numerical Values 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nuts and bolts. dimensions and weights 

................................ Nuts and bolts. high strength. dimensions 
..................................................... Nuts. recessed pin 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Nuts. sleeve 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oversize holes 



7 - 6  

Parabola. properties of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Piles; see HP shapes 
Pin n ~ t s .  recessed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pins. cotter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Pipe. columns. allowable loads 
Pipe ~onnections. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pipe. dimensions and properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plastic design. beam selection tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plastic design specifications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plate girders. allowable web shear stress (tension field action included) . . . . . . .  
Plate girders. allowable web shear stress (tension field action not included) . . .  
Plate girders. design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plate girders. moment of inertia. one plate. X-X axis . . . . . . . . . . . . . . . . . . . . . .  
Plate girders. moment of inertia. values for computing pair of areas . . . . . . . . .  
Plate girders. welded. dimensions and properties . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plates and bars. general . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plates. areas of rectangular sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plate$. cold bending. minimum radius . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plateq. column base. design procedure and finishing . . . . . . . . . . . . . . . . . . . . . . .  
Plates. floor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plates. tolerances. standard mill practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Plates. weights of rectangular sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Propdrties. flexural-torsional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Properties of various geometric sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Properties; see specific item 
Propdrties. torsional . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Prying action. fatigue loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Prying action on fasteners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Purlia connections. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. Quality certification program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-325 5-329 

. . . . . . . . . . . . . . .  Radius of gyration. ratio strong to weak axis. explanation of 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rails. crane. notes and data 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Receslsed pin nuts. dimensions and weights 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rectapgular sections. weights and areas 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Reduction of area for holes 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ridga splice. suggested details 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rivets. allowable loads 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rivet holes. reduction of area for 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rolled structural shapes. general 
Rolliag mill practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Round bars. weight and area 
S shapes. dimensions and properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S shapes. standard mill tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S shapes. used as beams. allowable uniform loads . . . . . . . . . . . . . . . . . . . . . . . .  
S shapes. used as columns. allowable loads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Screw threads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Seatecjbeamconnections 
Selection table. beams. allowable stress design . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Selection table. beams. moment of inertia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Selection table. beams. plastic design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Semi-kigid connections. design of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shapes. general discussion (also see Structural shapes) . . . . . . . . . . . . . . . . . . . . .  
Shear; bolts. threaded parts and rivets; allowable loads .................... 
Shear connections. end plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shear connections. single-plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shear connections. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shear diagrams. beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shear splices. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sheared plates. tolerances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



Sheet metal gages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Single angle connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Single angle struts. discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Single-plate shear connections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Skewed connections. suggested details . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sleeve nuts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Slotted holes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specific gravities. various substances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specification for Structural Joints using ASTM A325 and A490 Bolts 

(RCSC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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