
Safe Load for Laterally Unsupported Angles 
Editor's Note: This article is reprinted in its entirety, 
without revisions, with the gracious permission of the 
Australian Institute of Steel Construction^. It is in response 
to the many inquiries AISC has received on the subject of 
laterally unsupported angles. The AISC Specification and 
Manual offers limited direct design criteria for such mem
bers. Relevant Australian research reports and publications, 
primarily this article, have often been referenced in the past 
to provide requested design guidance. 

The reader should note that the load tables were prepared 
in conformance with the Australian Specification which does 
not necessarily correspond to the AISC Specification (i.e., 
see shear requirement). In addition, some of the angle sizes 
shown may not be readily available in the U.S. However, 

the tables provide a quick rational estimate of angle bending 
capacity. References on the theoretical and experimental 
behavior and recommended design of laterally unsupported 
angles are listed at the end of the article and may be obtained 
from AISC headquarters. 

In addition, a convenient rule of thumb based on the 
Australian research that may be applied in angle design for 
flexure is to simply use an allowable bending stress, Fb = 
0.6Fy, with appropriate serviceability deflection limits. 
Available evidence indicates that laterally unsupported 
practical angle sections in bending experience excessive 
deflections prior to any lateral buckling and, therefore, will 
be governed by deflection limitations rather than buck
ling. 

An Explanation of the Tables 

J. M. LEIGH, B. F. THOMAS AND M. G. LAY* 

INTRODUCTION 

The tables are based theoretically on the constant mo
ment case and use a maximum permissible stress of 
0.66Fy,1 where Fy is the material yield stress. However, 
for short spans the loads are reduced where necessary to 
ensure that the maximum permissible shear stresses given 
in Ref. 1 are not exceeded. The safe loads are applicable 
for applied loads within half a leg length on either side 

Force parallel to SHORT leg 

tables valid for 
this loading area 

r 3 
shear centre 

of the shear centre (Fig. 1). The method by which this 
load is obtained is described under "Calculation of Safe 
Loads." The safe load shown in the tables is the uni
formly distributed load which causes a maximum bend
ing moment equal to the critical constant moment. This 
conversion has been made to correspond with the AISC 
(Australian) Safe Load Tables.2 Safe loads are given for 
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Fig. 7. Acceptable load locations 

* The authors, who also computed the tables, are officers of the Melbourne Research Laboratories of the BHP Co. Ltd. 
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steels with nominal yield stresses of 36 and 52 ksi. 
In addition to loads, the tables give the associated 

loading plane deflection of the beam. The deflection is 
indicated in smaller type directly beneath the correspond
ing load value. 

For cases where the moment on a beam is not constant 
across the span, the tables give conservative estimates 
of the load carrying capacity as the constant moment case 
produces the most critical lateral buckling situation.3 The 
same constant moment basis is used for the lateral buck
ling rules of AS CAl.1 '4 

NOMENCLATURE 
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length of the shorter angle leg as defined in Fig. 1 (actual leg 

length - ^ ) 

centroid location 

max imum shear stress 

yield stress 

modulus of r igidi ty 

St. Venant torsional constant 

length of span 

moment 

total moment, i.e. applied moment plus moment component due to 

the dead weight of the beam, calculated about the appropriate leg 

component of the total moment (Ma) about the V V axis 

applied load 

un i formly distr ibuted load 

length of longer angle leg as defined in Fig. 1 (actual leg length — «) 

shear centre location 

applied torque 

major principal axis 

major principal axis of the twisted cross-section 

minor principal axis 

minor principal axis of the twisted cross-section 

axes through the centroid parallel to an angle leg of the twisted 

cross-section 

section modulus about the same axis as M a 

section modulus about the X X axis 

load eccentricity 

weight of beam in lb/ inch length 

thickness of angle leg 

def lect ion of the shear centre in the U direct ion 

deflect ion of the shear centre in the V direct ion 

deflect ion of the shear centre in the X direct ion 
deflect ion of the shear centre in the Y direct ion 

M a 
nominal stress found f rom o_ = ^— 

z a 
actual max imum section stress 

def lect ion 

coefficients used in equation 8 

the algebraic sum of component twists 

angle between X X and UU axis 

CALCULATION OF SAFE LOADS 

The design relationships for angle beams obtained in Ref. 
5 have been used to determine the value of the equivalent 
uniformly distributed load which produces a maximum sec
tion stress of 0.66Fy. Iterative methods have been used to 

locate the value of this load from an initial approximation 
of 

Mn = anZn (1) 

where va is the nominal applied stress, Za the section mod
ulus and Ma the total applied moment about some common 
axis, aa. 

For small angles of twist, the nominal applied stress, va, 
and the actual maximum section stress, crmax, are related 
by:5 

Hence for 

an = 0.80 <J„ 

Vmax = 0.66 Fy 

un = 0.528 Fv 

(2) 

(3) 

(4) 

Thus, the initial approximations, using the relationships 
for Za from Ref. 5, are: 

Unequal Angles—Force direction parallel to short leg 

B2t(B + 4 0 

Force direction parallel to long leg 

Ma = 0.528R 
Qh (Q + AB) 

6 {IB + Q) 

(5) 

(6) 

Equal Angles 

Mn 

Bh 
- 0 . 5 2 8 F , - (7) 

For small angles of twist these expressions give the actual 
value of the safe load directly. However, large angles of 
twist modify the value of the maximum stress in the section 
with consequent changes in its load carrying capacity. 

Studies in Ref. 6 have shown that the effects of loads 
located within half a leg length of the shear centre (Fig. 1) 
are negligible for the load ranges considered. For loads 
outside these limits the designer should use the procedures 
on Refs. 5 and 7. 

The maximum stress in the section can be found from: 

18 Mn 
v„ (B + Q)h 

(kj + X2 4>r) (8) 

where values of \Y and \2 for each unequal angle section, 
regardless of f, are given in Table 1. 
For all equal angles, \x = 1.0 \2

 = 1//s 

The value of $T is the algebraic sum of the twist due to 
nonprincipal axis loading,5 the initial twist and all applied 
torques. The first two are usually negligible for the situa
tions covered by the tables.5 The initial twist value assumed 
from studies in Ref. 5 is 

4>, initial = 0.4°36 x 10-* L radian (9) 
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Table 1 Force parallel to long leg 

Section 
Dimensions 

in. x in. 

6 x 4 
6 x 372 

5 x 372 

5 x 3 
4 x 3 
372 x 3 
372 x 272 

3 x 272 
3 x 2 
272 x 2 

I Force parallel to 
T | short leg 

* T positive 

Xi X2 

1.49 -0.275 
1.73 -0.261 
1.42 -0.280 
1.67 -0.263 
1.32 -0.290 
1.15 -0.308 
1.38 -0.283 
1.19 -0.303 
1.50 -0.273 
1.23 -0.298 

1 Force parallel to 
1 = long leg 
\ J \ 
I ^ j positive 

\x X2 

0.731 0.422 
0.672 0.462 ! 
0.753 0.405 
0.682 0.450 
0.792 0.392 
0.878 0.363 
0.766 0.404 
0.858 0.368 
0.726 0.422 
0.831 0.379 

For all equal angles Xi = 1.0 x2 = -4-

The twist due to the applied torque T is given by TLIGKT 

where G is the shear modulus and KT the torsion constant. 
In assessing the value of T the tables include the effect of 
eccentricity of the beam self-weight and of applied load P 
relative to the shear centre. 

A force parallel to one of the angle legs may be oriented 
to produce either tension or compression at the leg tip. The 
influence on the load carrying capacity of the orientation 
of loading varies with the loading condition. For angles 
subjected to loads in the short leg direction, Ref. 5 shows 
that the effect of reversing the load orientation is negligible. 
For loads in the long leg direction the tabulated values are 
chosen for the worst case and the maximum variation be
tween load orientations is 6%. 

AS CA11 states that the maximum shear stress Fy in a 
member shall not exceed 0.45 Fy and hence the shear stress 
limits8'9 are: 

Force parallel to short leg 

PQt 
Fv = — + TT?- ^ 0.45 Fv 

3P PQt 
ABt + AKT 

3P PBt 
v 4Qt + AK 

0.45 Fv (11) 

Where it is the shear stress limitation that governs, the 
tabulated loads are based on this and are indicated as those 
to the left of the heavy broken line in the tables. 

The theoretical predictions given above and used in for
mulating the tables have been confirmed by an extensive 
test series on laterally unsupported angles.10 

DEFLECTION EQUATIONS 

The exact approach to this problem would involve the so
lution of a set of coupled partial differential equations for 
a variety of boundary conditions. The problem does not 
warrant the time involved in utilizing such a solution. A 
simplified analysis based on an extension of first order the
ory is used to find the maximum loading plane deflection. 

The total angle of twist (<$>T) is computed and the section 
rotated through this angle while the applied moment Ma 

retains its original direction (Fig. 2). The applied moment 
is then resolved into components about the closest rotated 
axes and the principal axes deflections due to each com
ponent determined using the appropriate equations from Fig. 
2 and Ref. 5. Thus, loading plane deflections are calculated 
from: 

Force parallel to short leg 

x =\/u2 +V2 Xcos ( 6 + c|> + a r t a n ^ M (\2) 
max V max max \ TT J \x^/ 

\ Umax/ 
Force parallel to long leg 
J max V U max * v n 

(10) sin id + <(>T + artan (13) 
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Fig. 2. Method oj determination oj load components for deflection equations 
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where umax and v , ^ are respectively the summation of com
ponent deflections along the U and V axes. The tables use 
equations involving <|>r, however, reasonably accurate an
swers to cases where deflections are restricted can be ob
tained by calculating umax and v ^ from simple beam theory. 
If this simplification is used, then the applied moment, Ma, 
can be resolved directly into components about U'U' and 
V'V (Fig. 2). 

AS CA1, Appendix A, Sec. A2.2, recommends a de
flection limit of: 

A = 
L 

180 
(14) 

for structural applications where angle sections could be 
used. This limit is shown in the safe load tables as a heavy 
line, dividing the tables into regions above and below this 
limit. Deflection values to the left of this line are less than 
those recommended by AS CA1. Where possible, beam 
selection should be confined to this area of the tables. 

The deflections for other loads may be estimated by pro
portions from the tables. However, as these include dead
weight effects, a small adjustment must be made. For a 
load P" which is less than the tabulated safe load P', the 
relevant deflection A " can be calculated from the tabulated 
deflection A' as 

A „ P" + mL 
A" = x A 

P' + mL 
(15) 

where mL is the beam weight. 
Note that AS CA1 actually only requires live load de

flections to be considered. However, the tables include dead 
load deflections as many angles otherwise included would 
suffer large visible deformations under their own weight 
and cause concern during fixing. 

Example 
The following simple example illustrates the use of the 
tables. 

0.5 kip 0.5 kip 

4' 6' 

— x 

24 in-kip 

Data: 
Steel 
Permissible Bending Stress 

Allowable maximum deflection 

Loading Case: 

Fy = 36 ksi 
0.66FV 

7 ^ = 0.93" 
180 
For loads parallel to the 

long leg. 

Maximum Bending Moment due to Applied Load: 

M = 24 in.-kips 

Equivalent Uniformly Distributed Load: 

8M 

~L 
P = 

= 1.15 kips. 

The appropriate safe load tables are found on page 39 et 
seq for this loading and yield stress. 

For a 14-ft span the smallest section capable of sustaining 
its maximum load whilst remaining within the permitted 
deflection limit is the 6 x 3!/2 x Vie angle. 

However, use of Equation 15 will permit the use of many 
lighter sections. The lightest section that can be used is the 
5 x 3 x 5/i6. The table values for this 8.1 lb/ft section are 
P' = 1.47 kip and 8 = 1.13 inch. 

Equation 15 gives 

1.15 + 0.0081 x 14 
-x 1.47 + 0.0081 X 14 

which satisfies the limit of 0.93". 

1.13 = 0.90" 

bending moment diagram 
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