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INTRODUCTION 

In practice, the majority of single angle struts are eccentri­
cally loaded, and an attempt to calculate exactly the strength 
of such members is a task of formidable complexity. There­
fore, the designer often relies on approximate methods and 
guidelines, in which the key ingredient is the value of the 
design strength when the strut is loaded concentrically (AISC 
1986, ASCE 1988, and Adluri and Madugula 1992). 

In this brief note, a step-by-step solution and load tables 
are presented for the determination of the design strength of 
concentrically loaded single angle struts according to the 
AISC 1986 LRFD Specification. Equation A-E3-7, of Appen­
dix E of the LRFD Specification requires the computation of 
the torsional-flexural buckling stress as the smallest of the 
three roots of a cubic equation. 

GEOMETRY AND COORDINATE SYSTEMS 

Consider the unsymmetrical single angle section, shown in 
Figure 1, with geomatric axes x and y and principal axes u 
and V, each passing through the centroid C. Let a be the angle 
of inclination between the horizonal axis x and the principal 
axis u; and b^, b2, and t be the dimensions of the vertical leg, 
horizontal leg, and thickness of the angle, respectively. The 
shear center of the section SC is located at the intersection of 
the center lines of the two legs and measures from the centroid 
x^ and y^, in the (x, y) system, and u^ and v̂ , in the (u, v) 
system, as shown in Figure 1. They are defined as follows: 

yo=y-{ 

u^= y^ sin a + JĈ  cos a 

Vo = 3^oCosa-x^sina 

(1) 

jc, y, and Tan a tabulated in the AISC Manual (AISC 1986). 

FUNDAMENTAL FORMULAE 

For an unequal-angle member under concentric loading the 
elastic flexural-torsional buckling stress is defined as the 
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lowest root of the following cubic equation (Timoshenko and 
Gere 1961): 
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(3) 

In the above equations, /;„ 7;̂ , and F^^ are the elastic flexural 
buckling stresses about the u and v axes and the elastic 
torsional buckling stress about the z-axis respectively. KJ., 
KJ. are the effective lengths for bending about the principal 
axes u and v. KJL is the effective length for twisting about the 
z-axis, which passes through the centroid of the section and 

Figure 1 
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coincides with the angle's longitudinal axis. The cross-sec­
tional area of the angle is A; C^ and / are the warping constant 
and the St. Venant torsion constant, respectively. E and G are 
the modulus of elasticity and the shear modulus of the steel 
with values of 29,000 ksi and 11,200 ksi respectively. ^, the 
polar radius of gyration of the cross section about the shear 
center, is defined as 

where 

(4) 

Equation 2 is identical to AISC LRFD Equation A-E3-7 
and can be written conveniently in the form 

F. ' + flj/^^ + a .F ,+ao = 0 (5) 

kuL,kyL ,kzL , Fy , E, G 

b\ ,bj, t, Ag, rx, ry , ry, PL, x,y,J,Cw 

£ max \ bi , bi 

h=Agrt , Iu=Ix + Iy-Iv 

uo = yo sin a + xo cos a , vo = yo cos a - xo sin a 
,2 ^ . ,2 

.^uo^vo^-^^ , H-l 2̂ 

'^-iHY-i'-iy-^'' 
fll =j}{FeuFey+FeuFe2 + FeyFe2) 

^0 = -j^(feuFevFez) 

,-ilLl^ 9 a i J2 -21aQ-2a2 

F , 2 = 2 y = M c o s f ^ l -

N 

Fe = min(Fei,Fe2,Frf) 

-^cPn = 0.S5 FcrA\-

Figure 2 

a.= 
-4 

H F. + 1 - ^ F +F 
ev ez 

in which / / is defined as 

/ / = i - ^ 

(6) 

(7) 

SOLUTION OF THE CUBIC EQUATION 

In general, a cubic equation has either three real roots or one 
real and two complex conjugate roots. In the case of buckling 
of an unsymmetrical section, however, it can be shown that 
the three roots of the cubic equation are always real and 
positive (See, for example, the proof in texts by Timoshenko 
and Gere, 1961 or Galambos, 1968). In such a case the 
solution of the cubic equation can most conveniently be 
obtained as follows: Let 

M-
3fli - a\ 

N = 
9^2^! - 2^2 ~ 27^0 

54 

0 = arccos 
Â  

^FM^ 
(8) 

then the three real roots are given by 

9 «7 
/^i = 2V-Mcos w-^ ^2 = 2V-MC0S 

/̂ a = 2V-MC0S 
e 471 

, 3 + 3 , 

^2 

02 

' 3 , 

(9) 

The above solution was first presented in 1615 by the 
French mathematician Francois Viete (Kline 1972) and is 
used in most mathematical handbooks nowadays (Tuma 
1970, Beyer 1982). In the above equation the quantity M is 
always negative. 

DESIGN STRENGTH OF CONCENTRICALLY 
LOADED STRUTS 

Upon solving the cubic equation, the critical flexural-tor-
sional buckling stress Ĵ  for the angle strut is defined as the 
lowest of the three roots obtained previously. Thus, 

F, =min[F,i,F,2,F,3] 

from which the slendemess parameter A-̂ , the nominal critical 
stress (|)̂ /̂ ,̂ and the design strength (j)^, can be calculated 
according to AISC LRFD Appendix E. A schematic showing 
all design steps for calculating the design strength of concen­
trically loaded angle struts is shown in Figure 2. 
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Example 

Calculate design strength for a 9 ft long concentrically loaded 
5x3x1/4 single angle made of A36 steel. 

Solution 

Given: 

/i:„L = /r,L = i^,L = 9 ft, F̂  = 36 ksi,£;= 29,000ksi, 

G= 11,200 ksi 

ForL5x3xi/4: ^ ' 

A = 1.94 in.^ r, = 1.62 in., r, = 0.861 in., v = 0.663 in.. 

Tan a = 0.371 or ( a = 0.355 rad. = 20.35°) 

C, - 0.0606 in.^ / - 0.0438 m.\ 

/x = 5.11 in.' 

/y= 1.44 in.' 

Properties 

/, = A^ = (1.94X0.663)' = 0.852 in.' 

/, = 4 + / , - / , = 5.11+ 1.44-0.852 = 5.698 in.' 

= 1.713 in. 

jc, = jc - 1 = 0.657 - ^ = 0.532 in. 

ŷ  = >̂  - - = 1.66 - - ^ = 1.535 in. 

u^ - y^ sin a + x̂  cos a = 1.535 sin (20.35°) + 

0.532 cos (20.35°) =1.033 in. 

â = yo COS a - x̂  sin a = 1.535 cos (20.35°) -
0.532 sin (20.35°) = 1.254 in. 

= 1.34 - 0.00447(20) V36 = 0.804 

e=a=o.804 

Check global buckling 

The slendemess ratios about the principal axes are 

^ = ̂ . 6 3 . 0 5 ^ = | i i = .62.9 
r^ 1.713 , r̂  0.663 

The elastic buckling stresses about the u, v, and z axes are 

leE 71 (̂29,000) F = 
KjA (63.05)' 

: 72 ksi. 

v^" J 

,=J^=^^(?^^=,OJSl.s. 
'K^^ 

V^vy 

(162.9)' 

F. = 
7l'£C \ 

{K;.f 
^ + GJ 

J 

1 
A7' 

7r'(29,000)(0.0606) 

(108)' 

(1.48 + 490) 

+(11,200)(0.0438) 1 
(1.94)(2.453)' 

11.67 
= 42.1 ksi 

Now it is required to solve the cubic equation 
F^ ̂  + fl2^ ̂  + ̂ i^e + <3o = 0, where 

-4 
H 

V 

1 - — K,.+ 1 - ^ F + F 

ro = ^jul + vl + ^-^ 

4 = \l (1.033)̂  + (1.254)̂  + ^-^^^t"-^^^ = 2.453 in. 

H=l 
ri 

1.94 

. i^^_(L033)ML254£^0_5,, 
(2.452)' 

1 
0.561 

= -186 

'V%^V2)/l-
V 

(2.453)^ 
V 

(1.033)' 
(2.453)' 

ri0.78)+(42.1) 

a,=j^ {K^K^ + F,^F,,+F,,F,,) = ̂ ^ [(72)(10.78) 

+ (72)(42.1) + (10.78)(42.1)] = 7,596 

Check local buckling 

^ = f = 2 0 > ^ = 1 2 . 6 7 < ^ = 2 5 . 8 3 
V36" W36" 

Thus, use AISC LRFD Eq. A-B5-1 

a = 1.34-0.00447 

% = - \{F,,F,,Fe.) = - QJ^(72)(10.78)(42.1) = -58.247 

N--

9 9 

9aia2 -11 UQ — 2al 
54 
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9(7,596)(-186) - 27(-58,247) - 2(-186y _ 
54 

= 31,976 

9 = arccos -
Â  

F = arccos 
31,976 

V-(-l,312)^ 

= arccos (0.6729) = 0.832rad. 

,— e ^2 
F,i = 2 \ -M cos - - — 

^ r 7 - n r r ^ Q-832 (-186) . . . . . . 
= 2V-(-l,312) c o s — - — - — - — = 131.6 ksi 

: 2A/-M cos 
0 2K 

3 + T 
^2 

f 
= 2V-(-l,312) cos 

0.832 

V 

27C 

3 
(-186) 

: 9.98 ksi 

7̂ 3 = 2 V - M COS! 
e 47t 
3"^ 3 ^ 

:2V-(-l,312) cos 
0.832 4n 

3 "̂  3 ^ 
(-186) 

: 44.4 ksi 

Therefore 

F, = min[131.6, 9.98, 44.4] = 9.98 ksi 

(please note how close the flexural-torsional buckling stress 
(F^ = 9.98 ksi) is to that calculated from the flexural buckling 
about the minor axis (F,^ = 10.78 ksi). The difference here is 
only eight percent.) 

^^=VF=Vî -̂ -9 
X,Ve'= 1.9V0.804 = 1.704 > 1.5 

F.r = 

K = 

"0.877' 

WcrAg 

Fy = 

#D.8l 

"0.877" 
(1.9)^ 

l(8.74)( 

(36) = 8.74 ksi 

1.94) =14.4 kips 

Of some note, if the flexural buckling stress with respect to 
the minor axis {F^^ = 10.78 ksi) were used instead of the 
flexural-torsional buckling stress (/̂  = 9.98 ksi), the design 
strength of the angle member would be 15.6 kips. Such an 
increase (8.3 percent) may not be regarded as significant. It 
should be emphasized, however, that for a strut with a small 
slendemess ratio the difference between the elastic flexural 
and the elastic flexural-torsional buckling stresses can be 
quite large. A procedure related to the design of axially loaded 

compressed angles by the method of minor axis buckling was 
presented by Galambos (1991). 

DESIGN TABLES 

The procedure outlined in this note was implemented to 
generate angle load tables for 139 equal and unequal leg angle 
sections made of either A36 or Grade 50 steel. Tabulated loads 
are for, KJ. = KJ. = L, and are terminated when the slender-
ness ratio with respect to the minor axis of the angle exceeds 
200. Numerical values are rounded to the nearest whole 
number. It should be noted that it is, of course, not necessary 
to use the solution of the cubic equation to calculate the design 
strength of a concentrically loaded equal leg angle strut. 
Equal leg angle struts can be regarded as singly symmetric 
sections (symmetry about the u-axis) for which either 
flexural-torsional buckling about the axis of symmetry (u-
axis) or flexural buckling about an axis perpendicular to the 
axis of symmetry (v-axis) may occur. In such a case the cubic 
equation is reduced to a quadratic equation, the solution of 
which is given as Equation A-E3-6 in the AISC LRFD Speci­
fication. Solutions from either AISC LRFD Equation A-E3-6 
or A-E3-7 yield the same results when applied to equal leg 
angles. 

REFERENCES 

Adluri, S. M. R., and Madugula, M. K. S. (1992). "Eccentri­
cally Loaded Steel Single Angle Struts," AISC Engineering 
Journal, 2nd Quarter 1992, pp. 59-66. 

AISC (1986), Manual of Steel Construction—Load and Re­
sistance Factor Design, First Edition, Chicago, IL. 

ASCE (1988), Guide for Design of Steel Transmission Tow­
ers, Manuals and Reports on Engineering Practice No. 52, 
Second Edition, New York. 

Beyer, WilHam H. (1982). CRC Mathematical Tables, 26th 
Edition, CRC Press, Boca Raton, FL. 

Galambos, T. V. (1968). Structural Members and Frames, 
Prentice Hall, Englewood CHffs, NJ. 

Galambos, T. V. (1991), "Design of Axially Loaded Com­
pressed Angles," Proceedings of the SSRC Annual Technical 
Meeting, April 15-17, Chicago, pp. 353-359. 

Kline, Morris, (1972). Mathematical Thought from Ancient 
to Modern Times, Oxford University Press, New York. 

Timoshenko, S. P., and Gere, J. M. (1961). Theory of Elastic 
Stability, Second Edition, McGraw-Hill Book Company. 

Tuma, Jan J. (1970). Engineering Mathematics Handbook, 
McGraw-Hill Book Company. 

20 ENGINEERING JOURNAL / AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



/v-36ksi 

/^^SOksi 

Size 

Thickness 

Wt./ft 

Fy 

- J 

"Q 
S 

r~ 

_a) 
0) 

o 

LU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
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Thickness 

Wt./ft 

Fy 

« j 
• ^ 

0 
^ 
•— 
£ 
C 
0} 

1 "̂  
0) 

LU 

0 

1 
2 
3 
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5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 

CONCENTRICALLY LOADED 
COLUMNS 

Single Angles 
Design axial strength in kips (({) = 0.85) 

% 

26.3 

36 

226 

203 
191 
182 
171 
158 

143 
126 
108 
92 
76 

64 
54 
46 
40 

i^u^-. 

1 

44.2 

36 

398 

383 
376 
371 
363 
350 

333 
314 
293 
271 
248 

225 
203 
181 
159 
139 

122 
109 
97 
87 
79 

71 

SO 

663 

524 
611 
502 
487 
462 

432 
398 
362 
324 
287 

251 
217 
186 
160 
139 

122 
109 
97 
67 
79 

71 

Sd 

291 

254 
234 
220 
204 
184 

161 
137 
113 

m 
76 

64 
54 

m 
40 

% 

39.1 

36 

352 

335 
327 
323 
317 
307 

293 
277 
258 
239 
219 

199 
179 
159 
141 
123 

108 
96 
86 
77 
69 

63 

SO 

489 

467 
442 
434 
423 
405 

379 
350 
318 
286 
253 

221 
191 
163 
141 
123 

108 
96 
86 
77 
60 

63 

9 x 4 

%s 

23.8 

36 

195 

173 -
161 
154 
145 
135 

123 
109 
95 
81 
68 

57 
49 
42 
36 

SCI 

248 

213 
194 

•'"'x183 
171 
166 

138 
119 
100 
82 
68 

S7 
49 
42 
36 

8 x 6 

% 

33.8 

36 

304 

285 
276 
272 
268 
262 

251 
238 
223 
207 
190 

173 
155 
139 
123 
107 

95 
84 
75 
67 
61 

55 

m 
422 

385 
369 
362 
364 
343 

324 
301 
274 
247 
219 

192 
166 
142 
123 
107 

95 
84 
76 
67 
61 

56 

% 

28.5 

36 

255 

232 
222 
218 
215 
211 

205 
196 
184 
171 
158 

144 
130 
116 
102 
90 

79 
70 
63 
56 
51 

46 

50 

332 

293 
277 
271 
286 
260 

250 
236 
218 
198 
178 

157 
137 
119 
103 
00 

79 
70 
63 
56 
61 

4B 

'As 

25.7 

36 

222 

198 
188 
184 
182 
179 

175 
169 
161 
150 
139 

128 
116 
104 
93 
82 

72 
64 
57 
52 
47 

42 

$0 

288 

247 
231 

2as 
222 
217 

211 
201 
189 
173 
157 

140 
124 
108 
94 
82 

72 

m 
57 
62 
47 

42 

X -

36 

164 

142 
131 
125 
119 
112 

102 
92 
81 
70 
59 

50 
43 
37 
32 

V y 

Z^ 
\ V 

^ ^ 
T\ 

/v 

y V 

V2 

21.3 

Sd 

206 

171 
165 
146 
137 
127 

114 
100 
86 
71 
50 

50 
43 
37 
32 

V2 

23.0 

36 

188 

164 
154 
151 
149 
147 

144 
140 
135 
128 
119 

110 
100 
91 
82 
73 

64 
57 
51 
46 
42 

38 

50 

239 

201 
\%% 
181 
178 
175 

171 
166 
167 
146 
134 

121 
108 
96 
83 
73 

64 
57 
51 
46 
42 

38 

"/16 

1 20̂ 2 

I 36 

1 154 

131 
121 
118 
117 
115 

113 
111 
108 
104 
98 

92 
85 
78 
70 
63 

56 
50 
45 
41 
37 

1 33 

so 
102 

166 
142 
138 
136 
133 

131 
128 
123 
117 
110 

101 
91 
82 
72 
64 

66 
60 
46 
41 
37 

33 
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Fy= 36 ks\ 

Fy^ 50 ksl 
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Fy 
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36 
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140 
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95 
80 
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59 

fi ~ 
3. 

26 

36 

235 
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193 
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100 
82 
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58 
49 
42 

SO 

4m 
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2m 
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9S 
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68 
69 

'A 

.2 

m 
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B2 
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42 

axial strength in kips ((|) = 0.85) 
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3/4 

28.7 

36 
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87 
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61 
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45 

9/ 16 
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36 
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159 
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93 
79 
66 

55 
47 
40 
35 

7 x 4 

% 

22.1 

36 

198 
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176 
170 
160 
147 

132 
116 
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84 
69 

58 
49 
42 
36 

60 

272 

244 
231 
220 
203 
180 

156 
130 
106 
85 
69 

68 
49 
42 
36 

I 

17 

36 

155 

138 
131 
127 
121 
113 
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91 
79 
67 
56 

47 
40 
43 
29 

SO 

243 

211 
196 
186 
173 
157 

138 
118 
98 
80 
BS 

55 
47 
40 
35 

'2 

.9 

SO 

200 

172 
162 
WS 
145 
132 

117 
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84 
68 

m 
47 
40 
34 
29 

V y 

N 

\ ^ 
\ 

^\X 

!s= '' 
\ 

y V 

V2 

19.6 

36 

160 

140 
131 
126 
120 
113 

103 
92 
81 
69 
58 

49 
42 
36 
31 

1 SO 
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172 
168 
161 
142 
130 

110 
101 
85 
70 . 
50 

1 49 
I 42 
{ 36 
1 31 

% 

13.6 

36 

102 

85 
80 
11 
75 
71 

66 
61 
54 
47 
41 

35 
29 
25 
22 

1 SO 

127 

101 
94 ; 
90 
86 
81 

14 

m 
58 
49 
41 

35 
29 
25 
22 i 
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CONCENTRICALLY LOADED 
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Single Angles 
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^8 

27.2 

36 
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205 
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167 
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105 
86 

71 
60 
51 
44 

> 

\ 

\ 
) 

m 
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324 
313 
293 
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234 

200 
166 
134 
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S6 

71 
SO 
51 
U 

3/4 

23.6 

36 
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75 
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52 
45 1 
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m 
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52 
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39 

6 x 4 

% 

20.0 

36 

179 

168 
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158 
149 
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122 
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92 
77 
64 

53 
44 
38 
33 

'7 '^' 

V2 

15.3 

36 

138 

125 
120 
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106 
95 

82 
69 
57 
46 
37 

31 
26 

50 

184 

161 
1 153 
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129 
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92 
74 

1 57 
46 
37 

31 
26 

SO 

249 

228 
220 
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192 
170 

146 
122 
98 
78 
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53 
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33 

«/l6 1 

18.1 1 

36 

162 

150 
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133 
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110 
97 
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70 
58 

48 
40 
34 
30 

50 

226 

202 
194 
186 
172 
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131 
110 
89 
71 
58 

m\ 
40 
34 
30 

V2 

16.2 

36 

145 

132 
127 
124 
118 
109 

98 
86 
74 
63 
52 

43 
36 
31 
27 

50 

194 
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163 
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146 
132 

114 
96 
79 
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52 

43 
36 
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27 
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36 

95 
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64 
53 
43 

1 34 
1 28 

24 
j 20 

0.85] 

V 

\ 

)( 

u-" 

1 

7/16 

14.3 

36 

124 

110 
106 
103 
99 
92 

84 
74 
64 
55 
45 

38 
32 
27 
24 

50 

| l 61 

|13^ 
130 
126 
119 
109 

96 
1 82 
\ m 
1 56 
j 45 

38 
32 
27 

1 24 

% 

12.3 

36 

101 

86 
82 
80 
78 
73 

68 
61 
54 
46 
39 

33 
28 
24 
20 

y 

\^i 
- t L 
IV y V 

V16 

I 10.3 

50 1 36 

128 1 76 

1051 62 
J 
! 
J 
\ 
^ 
K 

m\ 59 
^6 58 
52 56 
S6 54 

^̂7 51 
Sa 47 
57 1 42 
471 37 
' 
i 

t 

* 
J 

38 32 

B3 27 
l%\ 23 
14] 20 
20 [ 1 7 

m 
94 

73 
68 
66 
64 
61 

57 
51 
45 
38 
32 

27 
23 
20 
17 

V16 

9.8 

36 

72 

59 
56 
54 ' 
52 1 
48 

44 
39 
34 
28 \ 
23 

20 
17 

50 

89 

70 
65 
62 
59 
54 

AZ 
42 
35 
28 
23 

20 
17 
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r/T;=36ksi 

^^SOks i 

Size 

Thickness 

Wt./ft 

Fy 

-J 

0) 

,c 

c 

0 
> o 

t t 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 

Size 

Thiclcness 

Wt./ft 

f=y 

_ j 

^ 
<D 

_C 

^ 
c 
0) 
0 
> o 

LU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

-,' 

V y 

CONCENTRICALLY LOADED 
COLUMNS ^" 

Single Angles ^^ 
U ' - ' -t ^ 
TT 

Design axial strength in kips (^ = 0.85) y v 

1 5x3V2 ^ . / ^ 

3/4 

19.8 

36 I 

178 1 

172 
166 
156 
142 
126 1 

108 1 
91 1 
74 
59 
48 

40 
33 

1 

1, 

36 

141 

134 
128 
117 
103 
88 

72 
57 
44 
35 
28 

SO 

247 

235 
225 
206 
181 
153 

124 
97 
75 
69 
48 

40 
33 

% 

16.8 

36 

151 

143 
139 
131 
120 
106 

92 
77 
63 
50 
41 

34 
28 

m 
209 

196 
18B 
173 
152 
129 

105 
83 
63 
50 
41 

34 
28 

V2 

13.6 

36 

122 

113 
110 
105 
97 
86 

74 
63 
51 
41 
33 

28 
23 

50 

170 

153 
147 
138 
123 
104 

85 
67 
52 
41 
33 

28 
23 

" ^ 

1 ""̂"̂  I 
36 

1 108 

98 
95 
91 
85 
76 

66 
55 
45 
36 
30 

25 
21 

SO 

147| 

128 
123 
117 
105 
90 

74 
59 
46 
36 
3D 

25 
21 

% 

10.4 

36 

92 

80 
78 
75 
71 
64 

56 
47 
39 
32 
26 

21 
18 

SO 

119 

101 
98 
92 
85 
74 

62 
50 
40 
32 
26 

21 
18 

Vi6 

8.7 

36 

71 

60 
58 
56 
54 
50 

44 
38 
32 
26 
22 

18 
15 

SO 

91 

73 
69 
67 
63 
67 

49 
41 
33 
26 
22 

18 
16 

V4 

1 7.0 

36 

51 

40 
38 
37 
36 
34 

32 
28 
25 
21 
17 

14 
12 

1 SO 

1 62 

47 
44 
43 
41 
39 

I 36 
! 30 
1 26 

21 
17 

14 
12 ; 

—-^ " 7 \A 5 x 3 

y^y 

5.7 

1 so 
1 196 

1 182 
\ 171 
1 152 

127 
101 

77 
57 

1 44 
! 36 
1 28 

V2 

12.8 

36 

115 

106 
102 
94 
83 
71 

58 
46 
36 
28 
23 

SO 

159 

143 
135 
121 
102 
82 

62 
46 
36 
28 
23 

Vi6 

11.3 

36 1 

101 1 

92 
88 
82 
73 
62 1 

51 1 
41 1 
32 
25 
20 

50 

130 

120 
113 
103 
88 
71 

55 
41 
32 
25 
20 

% 

9.8 

36 

86 

75 
72 
68 
61 
53 

44 
35 
27 
22 
18 

1 SO 

1 112 

%4 
89 
82 
72 

1 59 

1 46 
35 
27 
22 

1 18 

Vi6 

8.2 

36 

67 

56 
54 
51 
47 
41 

35 
29 
23 
18 
15 

SO 1 

85 

m 
m 
60 
64 
46 

37 
29 
23 
18 
15 

V4 

6.6 

36 

48 1 

38 i 
36 \ 
34 1 
32 
29 

26 
22 
18 1 
14 i 
12 \ 

50 

58 

44 ^ 
41 1 
39 

m 1 
32 1 

28 1 
22 1 
18 \ 
14 
12 \ 
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Fy= 36 ks\ 

fy-mkm 

Size 

Thickness 

Wt. / f t 

Fy 

•Q) 

S 
C 

c 

0 

> o 

£ 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 

Size 

Thickness 

Wt . / f t 

Fy 

_ i 

o 
S 
c 

^ 
c 
0 
0 

> o 
0 

LU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

Size 

Thickness 

Wt./ft 

Fy 

0 

'^ 

D) 
C 

0 

O 
0 

lU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

CONCENTRIC 

V y 

\ . l 

)ALLY LOADED COLUMNS x-
^ 

Single Angles u ^ t^\ m^ "" TT Design axial strength in kips (({) = 0.85) y V 

1 3 ; 
% 

14.7 

36 1 

132 1 

127 
124 
115 
104 
91 

78 
64 
51 
41 
33 

27 

S i 

183 

174 
168 
152 
132 
110 

88 
87 
51 
41 
33 

27 

V2 

11.9 

36 

107 

101 
99 
94 
85 
74 

63 
52 
42 
33 
27 

22 
19 

60 

140 

137 
134 
123 
107 
00 

72 
65 
42 
33 
27 

22 
10 

^'^-% ^ 

13.6 

36 1 

122 1 

117 
112 
102 
90 
76 

62 
49 
37 
29 
24 

50 

109 

161 
151 
133 
111 

m 
m 
49 
37 
29 
24 

V2 

11.1 

36 

99 

94 
91 
83 
73 
62 

51 
40 
31 
24 
20 

SO 

138 

120 
122 
108 
90 
72 

54 
40 
31 
24 
20 

1 V '.̂  
V2 

10.2 

36 

92 

88 
84 
77 
67 
56 

45 
35 
27 
21 
17 

1 50 

1 128 

120 
114 
99 
02 
64 

47 
35 
27 
21 

1 17 

^ 
9.1 

36 

81 

76 
74 
68 
59 
50 

40 
31 
24 
19 
15 

C'̂  4x3V2 

^v^ 
10.6 

36 

95 

88 
86 
82 
75 
66 

56 
46 
37 
30 
24 

20 
17 

I SO 

1 131 

118 
116 
109 
95 
79 

63 
1 40 

37 
30 
24 

20 
1 17 

% 

9.1 

36 

82 i 

74 
72 
70 1 
64 1 
57 

49 
40 
32 
26 
21 

17 
14 

SO 

113 

00 
96 
92 
82 
68 

55 
42 
33 
26 
21 

17 
14 

5/16 1 

7.7 1 

36 

69 

59 
58 
57 
54 
48 

41 
34 
28 
22 
18 

15 
12 

50 ] 

_ _ ^ 

74 
72 
70 
65 
56 

46 
36 
28 
22 
IS 

16 
12 1 

V4 

6.2 

36 

50 

41 
40 
39 
38 
36 

31 
27 
22 
18 
14 

12 
10 

I 50 

T e 4 ^ 

40 
47 ' 
47 i 
45 1 

1 ̂ 1 
35 1 
28 1 
22 
18 

1 14 

12 
1 10 

4 x 3 

^16 

9.8 

36 

88 

82 
79 
73 
65 
55 

45 
35 
27 
21 
17 

1 50 

1 122 

111 
1D6 

1 95 
80 
63 

m 
36 
27 
21 
17 

% 

8.5 

36 1 

76 1 

69 
67 
63 
56 I 
47 

39 
31 
24 
19 
15 

SO 

105 

92 
89 
01 
88 
55 

41 
31 
24 
19 
15 

5/16 

7.2 1 

36 

64 

56 
54 
52 
46 
40 

33 
26 
20 
16 
13 

50 1 

83 

70 
67 
63 
65 
45 

35 
26 
20 
16 
13 

V4 

5.8 

36 

47 

39 
38 
37 
34 
30 

25 
21 
16 
13 
10 

I ^̂  
| 6 0 | 

47 
45 
43 
40 
34 

27 
21 
16 
13 
10 

3V2 X 3 

SO 

113 

104 

%m 
88 
73 
57 

42 
31 
24 
10 
15 

% 

7.9 

36 

70 

65 
64 
59 
51 
43 

35 
27 
21 
16 
13 

m 
08 

88 
85 
70 
63 
SO 

37 
27 
21 
16 
13 

V16 

1 6.6 

1 36 

1 59 

53 
52 
49 
43 
36 

29 
23 
17 
14 
11 

SO 

01 

m 
67 
62 
52 
41 

31 
23 
17 
14 
11 

V4 

5.4 

36 1 

46 1 

39 
38 
37 
34 1 
29 1 

24 
19 
14 
11 
9 

50 

60 

48 

m 
45 
40 
32 

25 
10 
14 
11 
9 
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Fy-36 ks\ 

f^^^mksi 

Size 

Thickness 

W t . / f t 

fy 

o 

c 
sz 

0) 

^ 
o 

s 

0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Size 

Thiclcness 

W t . / f t 

Fy 

c 

^ 

.1 
o 

5t= 
LU 

0 

1 
2 
3 
4 
5 
6 
7 
8 

Size 

Thickness 

W t . / f l 

Fy 

o 

• — 

O) 
<D ^ 

> 
o 

LU 

0 

1 
2 
3 
4 
5 
6 
7 

Size 

Thickness 

W t . / f t 

fy 

"S 

• -

B) 

^ ^ 
-"S •& 
LU 

0 

1 
2 
3 
4 
5 
6 
7 

CONCENTRICALLY LOADED COLUMNS 
Single Angles 

Design axial strength in kips ((|) = 0.85) 

-ir-] 3V2X2V2 

V2 

9.4 

36 

84 

80 
75 
66 
55 
43 
32 
24 
18 

m 

1 117 

1 109 . 
\ m 
\ 83 
\ m 

46 
32 
24 
18 

^) 
8.3 

36 

74 

70 
66 
58 
48 
38 
28 
21 
16 

SO 

103 

95 
87 
73 
57 
41 
28 
21 

n 

% 
7.2 

36 

65 

60 
57 
50 
42 
33 
25 
18 
14 

SO 

SO 

80 
75 

63 
49 
35 
25 
ia 
14 

I 36 
1 54 

49 
47 
42 
35 
28 
21 
15 
12 

9 

3 x 2 V 2 

V2 

8.5 

36 

74 j 
68 
59 
49 
38 
28 
20 
16 

m 

106 

101 
91 
75 
57 
40 
28 
20 
16 

V^B) 

7.6 

36 

68 

65 
60 
52 
43 
34 
25 
18 
14 

SCI 

94 

m 
80 

m 
m 
35 
25 
18 
14 

% 
6.6 

36 

59 

55 
52 
46 
38 
29 
21 
16 
12 

SO 

82 

75 

m 
57 
44 
31 
21 
16 
12 

V16 

5.6 

36 1 
50 1 
45 
44 
38 
32 
25 
18 
13 
10 

SO 

69 

81 

m 
48 
37 
26 
18 
13 
10 

" J 3x2 

V2 

7.7 

36 1 

69 1 
65 
58 
47 
35 
24 
17 
12 

50 

96 

30 
75 
56 
38 
24 
17 
12 

V16 

6.8 

36 

61 

58 
51 
42 
31 
22 
15 
11 

m 

85 

78 
67 
50 
34 
22 
IS 
11 

% 
5.9 

36 

53 

49 
44 
36 
27 
19 
13 
10 

SO 

74 

67 
57 
43 
29 
19 
13 
10 

V16 

5.0 

36 1 
45 1 
41 
37 
30 
23 1 
1 6 t 

11 \ 

8 1 

SO 

62 

55 
48 
36 
25 
16 
11 
8 

~ ^-> 2V2X2 

% 
5.3 

36 

47 

45 
40 
32 
24 
16 
11 
8 

SO 

66 

61 
52 
38 
25 
16 
11 

S 

V16 

4.5 

36 

40 

37 
34 
27 
20 
14 
10 

7 

SO 

55 

SI 
44 
32 
21 
%4 
10 

7 

V4 

3.62 

36 

32 

29 
27 
22 
16 
11 
8 
6 

-3W 

6.1 

36 

40 

35 
34 
31 
26 
20 
15 
11 
8 

36 

36 

32 
30 
25 
19 
13 

9 
7 

SO 

45 

39 
35 
26 
17 
11 
8 
6 

V 

\ 
\| 

X 

u"""^ 

y 

\^f^ V 
' ^ V -

\ l\ 
y V 

SO 

75 

m 
60 
52 
41 
30 
21 
15 
12 

9 

V4 

4.9 

36 1 
43 1 
36 
35 
32 
28 
22 
17 
13 
10 

8 

50 

55 

44 
42 1 
38 1 
31 
24 
17 
13 
10 

8 

% 
4.5 1 

S 0 ^ 

_ _ p 
45 
43 
38 
30 
21 
15 
11 

8 1 

V16 

3.39 

36 

28 

23 
22 
21 
18 
15 
11 
8 
6 

1 ^ 
| 3 5 | 

I 27 
[ 26 
j 25 
\ 21 

1 ^̂  11 
8 

6 1 

V4 

4 1 1 
m \ 

49 1 
41 
37 
29 
20 
13 
9 
7 

V16 

3.07 

36 

25 

21 
20 
17 
13 
10 

7 
5 

1 SO : 

j irn 
1 25 

zz 
19 
14 i 
10 

7 
5 

3/16 

2.75 

36 

24 

21 
20 
16 
12 
9 
6 
4 

1 m 
1 32 

25 
24 
19 
13 
9 
6 
4 
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1 Fy=3eks\ 

/J^SOksi 

Size 

Thickness 

Wt./ft 

V^ 

- J 

^ 
0 
0 
C 

C 
_0 

9 
.> 
O 

LU 

0 

5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 

_y' . 1 . 

iVs 
56.9 

36 

511 

473 

457 
439 
419 
397 
374 

351 
326 
302 
278 
254 

230 
208 
186 
167 
151 

137 
124 
114 
105 
96 

89 

SO 

710 

637 

607 
574 
538 
SDO 
460 

420 
361 
34a 
304 
288 

235 
208 
186 
167 
151 

137 
124 
114 
105 
96 

89 

co^ ICENTRICALLY LOAC 
COLUMNS 

Single Angles 

)ED 

Design axial strength in kips ((|) = 0.85) 

1 1 

51.0 

36 

459 

423 

410 
394 
376 
357 
336 

315 
293 
271 
249 
228 

207 
187 
167 
150 
135 

123 
112 
102 
94 
87 

80 

m 
638 

560 

546 
616 
483 
449 
414 

378 
342 
307 
273 
240 

211 
187 
167 
150 
135 

123 
112 
102 
94 
87 

80 

^/8 

45.0 

36 

404 

364 

362 
347 
332 
315 
297 

278 
259 
240 
221 
202 

184 
166 
149 
134 
121 

109 
100 
91 
84 
77 

71 

SO 

561 

486 

481 
455 
427 
397 
366 

33S 
303 
273 
243 
214 

188 
167 
149 
134 
121 

109 
100 
91 

m 
77 

71 

8 x 8 

% 

38.9 

36 

349 

304 

302 
300 
287 
273 
257 

242 
225 
209 
192 
176 

160 
145 
130 
117 
105 

96 
87 
80 
73 
67 

62 

5§ 

485 

400 

397 
303 
370 
344 
318 

291 
264 
238 
212 
187 

165 
146 
130 
117 
105 

96 
87 
80 
73 
67 

62 

% 
32.7 

36 

293 

241 

239 
238 
237 
229 
217 

203 
190 
176 
162 
148 

135 
122 
110 
98 
89 

81 
73 
67 
62 
57 

53 

SO 

382 

JK.^V" 

294 
291 
289 
278 
258 

237 
216 
196 
176 
157 

139 
123 
110 
98 
89 

81 
73 
67 
62 
57 

53 

V 

X -

u 

Nl 
y 

u 

/^ ^ 

r̂  y ^^ 

^ ^ 

29.6 

36 

255 

202 

201 
200 
198 
197 
191 

180 
168 
157 
145 
133 

122 
111 
100 
90 
81 

74 
67 
61 
56 
52 

48 

so 
328 

244 

242 
240 
238 
236 
227 

210 
193 
176 
159 
143 

127 
113 
100 
90 
81 

74 
67 
61 
56 
52 

48 

V2 

26.4 

36 

216 

164 

163 
162 
161 
160 
159 

155 
146 
136 
126 
117 

107 
98 
89 
80 
73 

66 
60 
55 
50 
46 

43 

50 

275 

193 

192 
190 
189 
188 : 
186 

ISO 
167 
153 1 
139 
126 

113 
100 
90 
80 
73 

66 
60 
55 
50 
46 

43 
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/y=36ksi 

fy^SO ksi 

Size 

Thickness 

Wt./ft 

Fy 

0 
CD 

C 
^ 
D) 
_g) 
0 

o 

LU 

Si 

Thick 

Wt. 

/ 

^ 
^ 
o 
^ 
_c 
JLZ 

c 

0 
> 
o 0 
i t 
LU 

0 

1 
? 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 

ze 

[ness 

/ft 

y 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

CONCENTRICALLY LOADED 
COLUMNS 

Single Angles 
Design 

•̂ c 

1 

37.4 

36 I 

337T 

327 
324 
320 
308 
293 

276 
257 
236 
215 
193 

172 
152 
132 
114 
99 

87 
77 
69 
62 

S i 

468 

449 
443 
436 
413 
368 

3S4 
321 
286 
251 
217 

184 
165 
132 
114 
99 

87 
77 
69 
62 

Vs 

33.1 

36 

298 

287 
283 
281 
272 
259 

244 
227 
209 
190 
171 

152 
134 
117 
101 
88 

77 
68 
61 
55 

50 

414 

392 
385 
382 
366 
341 

314 
284 
253 
222 
192 

163 
137 
117 
101 
88 

77 
68 
61 
55 

^ - . 

% 

27.2 

36 

244 

237 
235 
227 
215 
200 

183 
165 
146 
128 
110 

93 
78 
66 
57 
50 

44 

1 SO 

1 339 

1 326 
I 322 
I 307 
I 284 
1 2S7 

1 227 
I 197 
[ 166 
[ 138 
j 112 

t 93 
i 78 
[ m 
\ S7 
j 50 

i 4A 

3/ 

23 

36 

212 

204 1 
202 [ 
198 1 
187 i 
174 1 

159 1 
144 1 
127 1 
111 i 
96 t 

81 1 
68 1 
58 1 
50 
43 1 

38 1 

axial strength in kips (^ = 0.85) 

6 x 6 

3/4 

1 28.7 

1 36 

258 

245 
241 
239 
236 
225 

212 
197 
181 
165 
148 

132 
116 
101 
87 
76 

67 
59 
53 

1 47 

4 

.6 

50 

295 

270 
275 
267 
247 
224 

198 
171 
145 
120 
98 

81 
68 
58 
50 
43 

38 

SCI 

359 

334 
326 
322 
317 
296 

272 
246 
219 
192 
166 

141 
119 
101 
87 
76 

67 
59 
53 
47 

% 

24.2 

36 

218 

202 
197 
195 
194 
190 

179 
167 
154 
140 
126 

113 
99 
87 
75 
65 

57 
51 
45 
41 

SO 

302 

272 
263 
260 
258 
250 

230 
209 
186 
164 
142 

121 
102 
87 
75 
65 

67 
SI 
46 
41 

^/16 

1 21.9 1 

[36 
Tigf 

179 
174 
172 
171 
170 

162 
151 
139 
127 
114 

102 
90 
78 
68 
59 

52 
46 
41 
37 

sol 
273T 

240 
230 
227 
225 
223 

208 
189 
168 
148 
128 

109 
92 
78 
68 
59 

62 
46 
41 
37| 

V2 

19.6 

36 

176 

157 
151 
149 
148 
147 

145 
135 
124 
113 
102 

91 
80 
70 
61 
53 

46 
41 
37 
33 

SO 

236 

201 
191 
188 
186 
184 

181 
164 
147 
130 
114 

97 
82 
70 
61 
53 

m 
41 
37 
33 

\ 

X 

I 

V16 

17.2 

36 

151 

130 
124 
122 
121 
120 

119 
117 
108 
99 
89 

80 
71 
62 
54 
47 

41 
37 
33 
29 

5 x 5 

% 

20.0 J 

I 36 

179 

169 
167 
166 
158 
147 

135 
122 
108 
94 
81 

69 
58 
49 
42 
37 

32 

50 j 

"249T 

230 
226 
223 
209 
189 

168 
145 
123 
102 
83 

59 
68 
49 
42 
37 

32 

V2 

16.2 

36 

145 

133 
130 
129 
128 
119 

110 
99 
88 
77 
66 

56 
47 
40 
35 
30 

27 

m 
202 

178 
173 
171 
169 
154 

136 
l i e 
101 
m 
68 

56 
47 
40 
35 
30 

27 

^/16 

14.3 

I 36 

1 123" 

114 
111 
110 
109 
105 

97 
87 
78 
68 
59 

50 
42 
36 
31 
27 

1 24 

50 

174] 

149 
143 
141 
140 
133 

119 
103 
88 
74 
60 

60 
42 
36 
31 
27 

24 1 

[so 
195 

161 
1511 
148 
147 
145 

144 
140 
127 
113 
99 

86 
74 
63 
64 
47 

41 
37 
33 

1 29 

f 

Nl 
/ 

y 
u 

/f\ 
A 

T^ J y V 

% 

14.9 

36 1 

122|* 

101 h 
95 i 
93 i 
92 r 
92 i ' 

91 h 
90 r 
89 r 
82 
75 

67 
60 
53 
47 
41 

36 
32 
28 
261 

50 

165 

122 
113 

no 
109 
108 

107 
106 
104 
94 
83 

73 
63 
64 
47 
41 

36 
32 
28 
26 

V16 

12.4 

36 

92 

72 
67 
65 
65 
64 

64 
63 
63 
62 
60 

54 
49 
44 
39 
35 

30 
27 
24 
22 

[so 
jm 

84 
76 
74 
73 
73 

72 
71 
71 
70 
67 

69 
63 
46 
40 

1 36 

i 30 
1 27 
1 24 
1 22 

% 

12.3 

36 

109 

93 
90 
89 
88 
87 

83 
75 
67 
59 
51 

43 
36 
31 
27 
23 

20 

1 50 

1 141 

1 115 
1 110 
i 108 
1 107 
1 106 

1 90 
1 87 
1 75 
i 63 
1 62 

43 
36 
31 
27 
23 

1 20 

V16 

10.3 

1 36 I 
84 T 

69 
66 
65 
64 
64 

63 
60 
54 
48 
42 

36 
31 
26 
23 
20 

1 17 1 

50 

107 

83 
78 
77 
76 
75 

74 
69 
61 
52 
44 

37 
31 
26 
23 
20 

17 ; 

28 ENGINEERING JOURNAL / AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



/ y = 3 6 k s i 

^ ^ S O k S i 

Size 

Thickness 

W t . / f t 

Fy 

^ 
0) 
•S 

C 

_a) 

> 
o 
0 

LLI 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 

Size 

Thickness 

W t . / f t 

Fy 

_ i 
- i ^ 

0 

C 

x: 
c 
0 

> 
"o 
0 

LU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 

Size 

Thickness 

W t . / f t 

Fy 

0 

'^ 

O) 
c 
— 0 
• -

0 

LU 

0 

1 
2 
3 
4 
5 

6 
7 
8 
9 

CONCENTRICALLY LOADED 
COLUMNS 

Single Angles 
Design axial strength in kips (^ = 0.85) 

.-̂  4 x 4 

% 

18.5 

36 1 

166 

162 t 
158 1 
149 
136 
122 

106 
90 
75 
60 
49 

40 1 
34 1 

SO 

231 

222 
216 
198 
175 
150 

124 
99 
7S 
60 
49 

40 
34 

% 

15.7 1 

36 

141 

136 
134 
126 
116 
103 

90 
76 
63 
51 
41 

34 
29 

TscM 
1 196 

1 185 
183 
168 
148 

1 127 

1 105 
84 
85 
51 
41 

1 34 

1 ^̂  

V2 

12.8 

36 

115 

108 
106 
103 

94 
84 

73 
63 
52 
42 
34 

28 
24 
20 

50 

159 

146 
144 
136 
121 
104 

86 
69 
53 
42 
34 

28 
24 
20 

^/16 

1 "'"'•̂  
36 

101 

93 
92 
91 
83 
74 

65 
55 
46 
37 
30 

25 
21 
18 

soT 
_ — 

126 
123 
121 
107 

92 

76 
61 
47 
37 
30 

25 
21 
18 

% 

9.8 

36 

88 

78 
77 
76 
72 
64 

56 
48 
40 
32 
26 

22 
18 
16 

50 

122 

104 
101 
1D0 

93 
80 

66 
53 
41 
32 
26 

22 
18 
16 

3V2 X 3V2 

V2 

11.1 

36 

99 

95 
93 
86 
77 
66 

55 
45 
35 
28 
22 

19 

1 SO j 
138 

! 129 
126 
113 
96 

1 ̂ ^ 
1 ^'^ 

46 
35 

as 
1 22 

1 ̂ ^ 1 

V16 

9.8 I 

36 

88 

82 
81 
76 
68 
59 

49 
40 
31 
25 
20 

16 

j SO 1 

jliil 
111 
110 

I 100 

1 ̂ ^ 69 

54 
1 41 
\ 31 

25 
20 

1 ̂ ^ 1 

% 

8.5 

36 

76 

70 
68 
66 
59 
51 

43 
35 
27 
21 
17 

14 

SO 

105 

93 
91 
BS 
74 

m 
47 
35 
27 
21 
17 

14 

V 

X -

u 

Nl 
/ 

y 
u 

T^ y ^ 

1 5/16 

I 8.2 

1 ^̂  1 
73 1 

62 1 
61 
60 
59 
54 ! 

47 i 
41 1 
34 
27 
22 

18 1 
15 \ 
13 1 

V16 

1 "̂̂  
1 36 

64 

56 
55 
55 
50 
43 

36 
29 
23 
18 
15 

12 

n^(^ 3 x 3 

V2 

9.4 

36 

84 

81 
77 
69 
59 
48 

38 
28 
22 
17 

m 
117 

111 
103 

89 
71 
54 

39 
28 
22 
17 

V16 

8.3 

36 

74 

71 
68 
61 
52 
43 

33 
25 
19 
15 

§0 

103 

90 
91 
78 
63 
48 

34 
26 
19 
15 

% 
7.2 

36 

65 

60 
59 
53 
45 
37 

29 
22 
17 
13 

SO 

90 

82 
1 79 

68 
55 
42 

; 30 
i 22 

17 
13 

V16 

6.1 

36 

54 

49 
49 
45 
38 
32 

25 
19 
14 
11 

SO 

76 

66 
65 
58 
47 
35 

25 
19 
14 
11 

i 

50 

88 

74 
72 
71 
82 
51 

40 
30 
23 
18 
15 

12 

V4 

4.9 

}6 

M 

38 
37 
36 
31 
26 

10 
15 
12 
9 

5 

5 

4 
4 
4 
3 
2 

2 
1 
1 

so 
96 

78 
76 
74 
72 
64 

54 
44 
36 
27 
22 

18 
15 
13 

V4 

6.6 

1 36 

54 

43 
42 
41 
41 
40 

36 
32 
27 
22 
18 

15 
13 
11 

1 50 

Tea^ 
1 52 
i 49 
\ 49 
i 48 

47 

42 
35 

i 28 
1 22 
1 18 \ 

16 
13 
1 1 \ 

V4 

5.8 

1 3^ 1 
50 

41 
40 
40 i 
39 1 
34 

29 
24 1 
19 ! 
15 I 
12 

10 

SO 

64 

5 0 ^ 
49 
48 
47 
39 

32 
25 
19 
15 
12 

10 

0 

9 

8 
7 
5 
7 
9 

1 
6 
2 
9 

V16 

3.71 

36 

30 

24 
23 
23 
22 
19 

15 
12 

9 
7 

50 

39 

28 
27 
27 
26 
21 

16 
12 

9 
7 

FIRST QUARTER/1993 29 



^=36ksi 

Fy-50 ksi 

Size 

Thickness 

Wt./ft 

Fy 

CD 
0) 

c 
-C 

C 

CD 

"o 

4] 

0 

1 
2 
3 
4 
5 

6 
7 
8 

Size 

Thickness 

Wt./ft 

Fy 

_c 

l^-l 
o ^ 

^ 
o 

Lli 

0 

1 
2 
3 
4 
5 

6 

Size 

Thickness 

Wt./ft 

Fy 

x: 

0) -^ 

o o" 
•̂  ^ 
& 
111 

0 

1 
2 
3 
4 
5 

Size 

Thickness 

Wt./ft 

Fy 

5 ^ 
^^_ 
> g 
^ . E 
LU 

0 

1 
2 
3 
4 

CONCENTRICALLY LOADED 
COLUMNS 

Single Angles 
Design axial strength in kips ((|) = 0.85) 

— ] ;• -

V2 

7.7 

36 

69 

67 
51 
52 
41 
31 

22 
16 
12 

50 

96 

91 
80 
64 
47 
32 

22 
16 
12 

: C ., 

% 

4.7 

36 

42 

40 
34 
27 
19 
12 

8 

SO 

58 

54 
44 
31 
19 
12 

8 

% 

2.77 

36 

25 

23 
19 
14 
9 
6 

SO 

36 

32 
24 
15 
9 
6 

V4 

1.92 

36 

17 

15 
10 
6 
3 

SO 

24 

20 
12 
6 
3 

2V2 X 2V2 

% 

5.9 

36 

53 

50 
47 
40 
32 
24 

17 
12 
9 

50 

74 

m 
62 
49 
36 
24 

17 
12 
9 

V16 

5.0 

36 

45 

42 
39 
34 
27 
20 

14 
11 
8 

50 

62 

66 
52 
42 
31 
21 

14 
11 
8 

V 

X 

/ 
U 

V4 

4.1 

36 

36 

32 
32 
27 
22 
17 

12 
9 
7 

2 x 2 

V16 

3.92 

36 

35 

33 
29 

SO 

49 

46 
37 

22 i 26 
16 
10 

7 

16 
10 

7 

V4 

3.19 

36 

29 

27 
24 
18 
13 
8 

6 

13/4X13/4 

V16 

2.12 

36 

19 

17 
15 
11 
7 
4 

60 

26 

23 
19 
12 
7 
4 

IV4XIV4 

3/16 

1.48 

36 

13 

12 
8 
4 
2 

BO 

19 

16 
9 
4 
2 

50 

40 

36 
30 
21 
13 
8 

6 

3/ 

SO 

61 

43 
42 
34 
25 
IT 

12 
9 
7 

16 

2.44 

36 

22 

19 
18 
14 
10 
7 

5 

V4 

2.34 

36 

21 

19 
15 
10 
5 

50 

29 

26 
18 
10 
5 

iVsxiVs 

% 

0.9 

36 

8 

7 
4 
2 

SO 

11 

9 
5 
2 

50 

3D 

25 
23 
17 
10 
7 

5 

!V2XlV2 

: 

y 
u 

-V y ^ 

3/16 

3.07 

36 

27 

23 
22 
21 
17 
13 

9 
7 
5 

50 

35 

28 
27 
25 
19 
13 

9 
7 
5 

Vs 

1.65 

36 

13 

10 
10 
9 
7 
5 

3 

50 

17 

12 
12 
10 
7 
5 

3 

: 

3/16 

1.8 

36 

16 

15 
11 
7 
4 

50 

22 

20 
U 
7 
4 

1 X l 

Vs 

0.8 

36 

7 

6 
3 
1 

50 

10 

8 
3 
1 

30 ENGINEERING JOURNAL / AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 503.39, 556.75 Width 58.47 Height 45.76 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         3
              

       CurrentAVDoc
          

     503.3897 556.7458 58.4745 45.7627 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     4
     14
     4
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 514.83, 336.56 Width 44.49 Height 48.31 points
     Origin: bottom left
      

        
     1
     0
     BL
            
                
         Both
         1
         CurrentPage
         3
              

       CurrentAVDoc
          

     514.8304 336.5594 44.4915 48.3051 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     8
     14
     8
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     Range: current page
     Mask co-ordinates: Horizontal, vertical offset 41.95, 568.00 Width 82.63 Height 43.22 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         CurrentPage
         3
              

       CurrentAVDoc
          

     41.9491 568.0001 82.6271 43.2203 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     9
     14
     9
     1
      

   1
  

 HistoryList_V1
 qi2base



