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Lateral—torsional buckling is an important consideration
in the design of steel beams. Most beams that are used
in steel construction have a much greater stiffness about the
axis which resists the bending moment than in the perpen-
dicular direction. This results in the possibility of lateral-
torsional buckling.

Lateral-torsional buckling is the result of lateral deflec-
tion and twisting as shown in Figure 1b. The resistance to
this type of buckling is dependent on the lateral bending
stiffness of the cross section, the torsional stiffness of the
cross section, the type of bracing (lateral or torsional), the
position of the bracing along the length of the beam, the
position of the bracing on the cross section, the stiffness of
the bracing, the bending moment distribution along the
length of the beam, the position of the load on the cross sec-
tion, the material properties, the magnitude and distribution
of residual stresses, the initial twist of the cross section, and
the initial bow along the length of the cross section.

To prevent lateral-torsional buckling, the beam can be
braced against twisting of the cross section. Two types of
bracing are commonly used: (1) torsional bracing, which
resists twisting of the cross section directly; (2) lateral
bracing, which resists twisting of the cross section by limit-
ing the lateral deflection at a point away from the level of
virtual rotation. In practice, it is common for beams to be
braced laterally at the top flange by the floor or roof system.
Previous studies have shown that, for cantilever beams, tor-
sional bracing is more effective than lateral bracing, assum-
ing that both types have infinite stiffness (Nethercot and
Al-Shankyty, 1979; Kitipornchai and Richter, 1983).

Problem Statement

The American Institute of Steel Construction, Load and
Resistance Factor Design Specification for Structural Steel
Buildings (AISC, 1999), hereafter referred to as the AISC
LRFD Specification, includes provisions for the design of
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beams to prevent lateral-torsional buckling. The design
method uses an equation that was derived for a simply sup-
ported beam with equal end moments. The equation is not
accurate for cantilever beams because the mechanics of
buckling are different from simply supported beams. When
a simply supported beam buckles, the compression flange
moves farther than the tension flange, whereas the opposite
is true for cantilever beams. The buckled shape of an
unbraced cantilever beam is shown in Figure 2.

Previous studies have shown that lateral bracing for can-
tilever beams is most efficient when it is located at the ten-
sion flange and that compression flange bracing is only
slightly beneficial (Nethercot and Al-Shankyty, 1979; Kiti-
pornchai and Richter, 1983). Figure 2 shows that, for can-
tilever beams, the tension flange is the point on the cross
section that is farther from the point of rotation. According

a. Simply supported beam.

Point of Rotation
b. Section at midspan.

Fig. 1. Buckled shape of a simply supported beam.
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to the AISC LRFD Specification (AISC, 1999), a beam is
braced against lateral-torsional buckling at locations along
the length of the beam where it is “braced against lateral
displacement of the compression flange,” or “braced to pre-
vent twist of the cross section.” The AISC LRFD Specifica-
tion will produce unsafe results in cases where the
compression flange of a cantilever beam is laterally braced
to prevent lateral-torsional buckling. The beneficial effect
of tension flange lateral bracing is not always realized in
practice because some designers are not aware that this type
of bracing will prevent twist of the cross section. The buck-
led shape of a cantilever beam with a discrete lateral brace
at the free end is shown in Figure 3.

Objectives

A simple and unified method to calculate lateral-torsional
buckling capacity of cantilever beams is needed to provide
safe and economical steel structures.The purpose of this
research was to develop a method to design cantilever
beams with various bracing configurations and load condi-

a. Unbraced cantilever beam.

Point of Rotation
b. Section at free end.

Fig. 2. Buckled shape of an unbraced cantilever beam.
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tions. Equations to predict the buckling capacity of can-
tilever beams were developed by curve fitting data from a
finite element buckling analysis. The equations explicitly
account for the effects of bracing, load height, and moment
distribution along the length of the beam. The finite element
program Buckling Analysis of Stiffened Plates (BASP) was
used. BASP was developed at the University of Texas at
Austin.

BACKGROUND

Timoshenko and Gere Equation for
Simply Supported Beams

Timoshenko and Gere (1961) derived the theoretical equa-
tion for the lateral-torsional buckling capacity of a simply
supported beam with equal end moments. A doubly sym-
metric, prismatic, linear elastic beam was assumed. At the
ends, the beam was free to warp, but torsional rotation and
lateral deflection were prevented. The critical buckling
moment is

2
M, =%\/E@GJ+(%) 1,C, (1)

where L is the beam length, E is the modulus of elasticity,
G is the shear modulus, /, is the weak axis moment of iner-
tia, J is the St. Venant torsion constant, and C,, is the warp-

ing constant.

AISC Procedure

The AISC LRFD Specification (AISC, 1999) uses the Tim-
oshenko and Gere equation modified by a factor, C;,, which
accounts for non-uniform moments along the length of the
beam. For inelastic buckling, the capacity is interpolated
linearly between the elastic buckling moment and the plas-
tic capacity of the cross section. Residual stresses are
accounted for explicitly by limiting the elastic stress to the
yield stress minus the residual stress. The equation for the
elastic buckling moment is

2
T nk
M, =G, T J EIyGJ+(T) 1,C, (2)

To obtain the design capacity, M., is multiplied by a
reduction factor, ¢,, to account for inaccuracies in the
design. For unbraced cantilevers, the AISC LRFD Specifi-
cation recommends using C, = 1.0.

Timoshenko and Gere Equation For Cantilever Beams

For an unbraced cantilever I-section beam, Timoshenko and
Gere (1961) expressed the differential equations of equilib-



rium using infinite series. They assumed full fixity at the
root and a point load at the tip applied at the level of the
centroid. From the boundary conditions, a transcendental
equation for calculating the critical load was obtained. The

critical load is
[EI yGJ
e (3)

F,.=v
2 Lz

where 7, is provided in Table 6-3 of Timoshenko and Gere
(1961).

Trahair Procedure

Trahair (1983, 1993) proposed solutions for doubly sym-
metric, unbraced, cantilever beams with varying load
height. He used an elastic finite element program to obtain
equations for the critical moment. When the load is at the
level of the centroid, the equations reduce to:

a. Braced cantilever beam.

Lateral Brace

b. Section at free end.

Fig. 3. Buckled shape of a cantilever beam with
a discrete lateral brace at the free end.

Point load at tip,

|El,.GJ
M, =(3.95 +3.52)()+ )
Uniformly distributed load,

JELGJ
M, =(5.83+8.71X)~— o)

y
L
where
/ EC,
X = E —w (6)
LN GJ
SOLUTION PROCEDURE

Because closed form solutions exist only for the simplest
cases of lateral-torsional buckling, numerical methods were
used for this study. The finite element program BASP was
used to find the critical buckling moments of cantilever
beams with various loading and restraint conditions. Three
different wide flange sections were used, W12x53,
W16x26, and W8x15, and six different lengths, 90, 120,
150, 180, 210, and 240 in. A total of 216 finite element
models were generated.

Equations were developed by curve fitting the finite ele-
ment data. Only lateral bracing located at the top flange was
considered. The equations will be conservative where they
are used with combined lateral and torsional bracing, such
as metal decking or a concrete slab. Continuous bracing
was considered, as well as discrete bracing at the free end
of the cantilever. Assadi and Roeder (1985) showed that
only a small bracing stiffness is required for lateral bracing
to be fully effective; therefore, only infinitely stiff braces
were considered. Two loading conditions were considered,
uniformly distributed load and point load at the free end.
The load was located at the top flange or the centroid of the
cross section. The effects of initial twist were not consid-
ered. Because most design methods use the elastic buckling
load as a starting point, the effects of inelastic action were
not considered. All of the beams were prismatic and dou-
bly symmetric. Warping, twist, and deflection in all direc-
tions were prevented at the fixed end of the beam.The
modulus of elasticity was 29,000 ksi.

Finite Element Program

The finite element program that was used for the buckling
analysis is BASP. BASP was developed at the University of
Texas at Austin. The program uses a two-dimensional ide-
alization. The analysis is performed in two steps. First, the
in-plane analysis is performed to calculate the stresses aris-
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ing from the applied loading. Using these stresses, an out-
of-plane analysis is performed to solve for the buckling
load. Cross section distortion and local buckling are
accounted for. The program provides an elastic solution and
does not take initial twist into account.The program is
described in more detail in Akay, Johnson, and Will (1977).

The beam webs were composed of 4 elements vertically
and 10 elements along the length. The beam flanges were
composed of 10 elements along the length. The fixed end
of the beam was modeled with pinned supports at each node
for the in-plane analysis. For the out-of-plane analysis each
node at the fixed end was restrained against translation and
rotation. The lateral bracing was modeled with a pinned
support for the out-of-plane analysis. Transverse beam web
stiffeners were used at locations of concentrated loads to
prevent excessive local web distortion.

The accuracy of the program was verified by comparing
the critical loads from the program to the critical loads from
the Timoshenko and Gere (1961) equation for cantilever
beams. The ratio of the BASP load to the calculated load
varied from 0.76 to 1.07. The main source of this variation
is believed to be the effect of web distortion. The effect of
web distortion was accounted for in the finite element mod-
els, but was neglected in the derivation of the Timoshenko
and Gere equation.

RESULTS

The proposed design equation for the critical buckling
moment is

| l |

/EIyGJ
M, =CCyCy L

(7

where C; is a coefficient to account for the moment distri-
bution along the length of the beam, Cy, is a coefficient to
account for the effect of load height, and Cj is a coefficient
to account for the effect of bracing.

Moment Distribution Coefficient

The buckling moments from BASP are compared with the
equations proposed by Trahair (1983, 1993) in Figure 4.
The BASP results agree well with Trahair's equations;
therefore, his equations are proposed as the moment distri-
bution coefficient:

Point load at the free end,

C, =395+352X (7
Uniformly distributed load,
C, =583+8.71X (8)

Load Height Coefficient

The data for the load height coefficient is presented as a
ratio of the critical moment of a beam loaded at the top
flange to the critical moment of an identical beam loaded at
the shear center. The ratios are plotted versus X in Figure 5

Data Points for Point Load

Data Points for Uniform Load
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Proposed Equation for Point Load
Proposed Equation for Uniform Load
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Fig. 4. Effect of loading condition on the buckling capacity of unbraced cantilever beams loaded at the shear center.
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for a beam with a concentrated load at the free end and con-
tinuous bracing. The following equations were obtained by
curve fitting the data:

concentrated load at the free end, continuous bracing,

Cy; =0.76—0.51.X+0.13 X> (10)

concentrated load at the free end, no bracing,

C,; =0.97-0.59 X +0.14 X* (11)

concentrated load at the free end, discrete bracing at the free
end,

Cy =0.87-0.59 X +0.15 X* (12)

uniform load, continuous bracing,

Cy =0.49-0.27 X +0.06 X* (13)

uniform load, no bracing,

Cy =0.83-0.54 X +0.12 X* (14)

uniform load, discrete bracing at the free end,

CH=0.64—0.43X+0.10X2 (15)

Where the load is at the level of the shear center, C, = 1.0.
Where the load is below the level of the shear center, it is
conservative to use Cy = 1.0.

Bracing Coefficient

The data for the bracing coefficient is presented as a ratio of
the critical moment of a beam braced at the top flange to the
critical moment of an identical unbraced beam. The ratios
are plotted versus X in Figure 6 for a beam with continuous
bracing and a point load at the free end, at the level of the
shear center. Figure 7 shows a beam with discrete bracing
and a point load at the free end, at the level of the shear cen-
ter. The following equations were obtained by curve fitting
the data:

concentrated load at the free end, at the level of the shear
center, continuous bracing,

Cp=2.38+0.26-1n X+ 0.08 (In X)> — 0.60 (In X)* (16)

concentrated load at the free end, at the level of the top
flange, continuous bracing,

Cp=1.75+0.13- In X +0.27 (In X)> = 0.23 (In X)* (17)

concentrated load at the free end, at the level of the shear
center, discrete bracing at the free end,

Cp=142+088 X—-0.26 X* (18)

0.6 —

concentrated load at the free end, at the level of the top
flange, discrete bracing at the free end,
Cp=148+0.16X (19)
| | !
L) Data Points —

0.5 —

04 —

0.3 —

Cy =0.76-0.51X +0.13X?

Curve Fit Equation

15 20 25
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Fig. 5. Effect of top flange loading on the buckling capacity of cantilever beams
with a concentrated load at the free end and continuous bracing.
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uniform load at the level of the shear center, continuous
bracing,

Cp=2.62+0.08 In X +0.24 (In X)> - 0.38 (In X)*  (20)
uniform load at the level of the top flange, continuous bracing,

Cp=177+027 InX+0.11 (InX?—027 (InX)* (21)

uniform load at the level of the shear center, discrete bracing,

CB=1.92+0.53X—0.11X2 (22)

uniform load at the level of the top flange, discrete bracing,

Cy =1.63-0.12X+0.31 X* -0.09 X° (23)

Where no bracing is present, Cyz = 1.0.

Simplified Equations

In order to simplify the design process, the equations in this
section are proposed. The following equations produce con-
servative results for Cy:

concentrated load at the free end,

26

25

2.3

22—

Cp=238+0.26-InX +0.08(in X} —0.60(In X}’

L] Data Points
Curve Fit Equation

X

T I I
1.5 20 25

_Z |EC,
LY GJ

Fig. 6. Effect of continuous bracing on the buckling capacity of cantilever beams with a concentrated load at the free end, at the level of the shear center.
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Fig. 7. Effect of discrete bracing at the free end on the buckling capacity of cantilever beams
with a concentrated load at the free end, at the level of the shear center.
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Cy =0.76-0.51.X+0.13 X* (24)

uniform load,

Cy =0.49-0.27 X +0.06 X? (25)

The following equations produce conservative results for Cp:
load at the level of the shear center,

Cy =1.42+0.88X -0.26 X* (26)
load at the top flange,

Cy =148+0.16 X 27)

Modified AISC Procedure

The proposed equations can be used with the AISC proce-
dure by solving for an equivalent C, factor. Setting Equa-
tion 2 equal to Equation 7 and solving for C,,

(28)

GJ
GJ+ (%)2 EC,

If £E=29,000 ksi and G = 11,200 ksi are substituted into the
equation, it reduces to

C1CrCs

l0.87+252 S 29
JL

The accuracy of the proposed equations has not been
proven when the beam is in the inelastic zone of the AISC
buckling curve. The designer should use caution when
using these equations when inelastic buckling is predicted.

Cb:

Comparison of Equations to Finite Element Results

A total of 216 finite element models were used in this study
in order to obtain accurate curve fit equations. Tables 1
through 12 (Appendix A) compare the critical load from the
finite element (BASP) models to the calculated critical
loads. The AISC load was calculated using the AISC LRFD
Specification (AISC, 1999) with ¢, and C, = 1.0.

CONCLUSIONS

It was shown that the AISC (1999) procedure produces con-
servative results for cantilever beams that are braced later-
ally at the tension flange, and unsafe results for cantilever
beams that are braced laterally at the compression flange.

Equations to predict the lateral-torsional buckling capac-
ity of cantilever beams were developed by curve fitting the
finite element data. Simplified equations were proposed
that were generally conservative compared with the finite
element data. A design method was proposed that uses a
modified C, factor to be used with the AISC (1999) proce-
dure.

REFERENCES

AISC (1999), Load and Resistance Factor Design Specifi-
cation for Structural Steel Buildings, American Institute
of Steel Construction, Inc., Chicago, December 27.

Akay, H.U., Johnson, C.P., and Will, K.M. (1977), “Lateral
and Local Buckling of Beams and Frames,” Journal of
the Structural Division, ASCE, Vol. 103, No. ST9, Sep-
tember, pp. 1821-1832.

Assadi, M., and Roeder, C.W. (1985), “Stability of Contin-
uously Restrained Cantilevers,” Journal of Engineering
Mechanics, ASCE, Vol. 111, No. 12, December, pp.
1440-1456.

Kitipornchai, S., Dux, P.F., and Richter, N.J. (1983), “Buck-
ling and Bracing of Cantilevers,” University of Queens-
land Department of Civil Engineering Research Report
No. CE42, April.

Nethercot, D.A., and Al-Shankyty, M.A.F. (1979), “Bracing
of Slender Cantilever Beams,” Stability Problems in
Engineering Structures and Components, Richards, T.
H., ed., Applied Science Publishers, London, pp. 89-99.

Timoshenko, S.P. and Gere, J.M. (1961), Theory of Elastic
Stability, Second Edition, Mcgraw-Hill, New York.

Trahair, N.S. (1993), Flexural-Torsional Buckling of Struc-
tures, CRC Press, Boca Raton, Florida.

Trahair, N.S. (1983), “Lateral Buckling of Overhanging
Beams,” Instability and Plastic Collapse of Steel Struc-

tures, L. J. Morris, ed., Granada Publishing, London,
England, pp. 503-515.

ENGINEERING JOURNAL / THIRD QUARTER /2004 / 141



APPENDIX A

Table 1
Cantilever Beam with a Point Load at the Free End, Shear Center Loading, No Bracing
Critical Load (kips) Critical Load Ratio
. Beam . S BASP/ BASP/
Beam Size Len BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
gth . ) . .
(in) Equation Equation AISC Equation Equation
W12x53 90 287.10 232.50 350.50 350.50 1.23 0.82 0.82
W12x53 120 153.80 103.20 163.10 163.10 1.49 0.94 0.94
W12x53 150 89.88 56.00 91.29 91.29 1.61 0.98 0.98
W12x53 180 57.15 34.52 57.34 57.34 1.66 1.00 1.00
W12x53 210 38.91 23.21 38.95 38.95 1.68 1.00 1.00
W12x53 240 27.95 16.61 27.99 27.99 1.68 1.00 1.00
W16x26 90 44.68 30.94 46.30 46.30 1.44 0.97 0.97
W16x26 120 22.28 13.68 21.49 21.49 1.63 1.04 1.04
W16x26 150 12.53 7.40 12.00 12.00 1.69 1.04 1.04
W16x26 180 7.80 4.55 7.52 7.52 1.72 1.04 1.04
W16x26 210 5.25 3.05 5.10 5.10 1.72 1.03 1.03
W16x26 240 3.74 2.18 3.66 3.66 1.72 1.02 1.02
W8x15 90 11.90 7.11 11.93 11.93 1.67 1.00 1.00
W8x15 120 5.84 3.50 5.89 5.89 1.67 0.99 0.99
W8x15 150 3.43 2.07 3.45 3.45 1.66 0.99 0.99
W8x15 180 2.27 1.37 2.25 2.25 1.65 1.01 1.01
W8x15 210 1.62 0.98 1.58 1.58 1.66 1.03 1.03
W8x15 240 1.23 0.73 1.16 1.16 1.67 1.06 1.06
Table 2
Cantilever Beam with a Point Load at the Free End, Top Flange Loading, No Bracing
Critical Load (kips) Critical Load Ratio
_ Beam . o BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
g . . . .
(in) Equation Equation AISC Equation Equation
W12x53 90 97.82 232.50 130.00 104.80 0.42 0.75 0.93
W12x53 120 52.87 103.20 57.90 42.46 0.51 0.91 1.25
W12x53 150 33.80 56.00 36.37 26.14 0.60 0.93 1.29
W12x53 180 23.89 34.52 25.77 18.59 0.69 0.93 1.29
W12x53 210 18.00 23.21 19.34 14.07 0.78 0.93 1.28
W12x53 240 14.15 16.61 15.06 11.05 0.85 0.94 1.28
W16x26 90 17.40 30.94 17.81 14.61 0.56 0.98 1.19
W16x26 120 9.05 13.68 7.54 5.58 0.66 1.20 1.62
W16x26 150 5.52 7.40 4.66 3.35 0.75 1.19 1.65
W16x26 180 3.73 4.55 3.29 2.37 0.82 1.14 1.58
W16x26 210 2.71 3.05 2.47 1.79 0.89 1.10 1.51
W16x26 240 2.06 2.18 1.92 1.41 0.95 1.07 1.47
W8x15 90 5.56 7.11 5.91 4.30 0.78 0.94 1.29
W8x15 120 3.28 3.50 3.43 2.52 0.94 0.95 1.30
W8x15 150 2.19 2.07 2.23 1.67 1.06 0.98 1.31
W8x15 180 1.58 1.37 1.56 1.18 1.15 1.02 1.35
W8x15 210 1.20 0.98 1.15 0.87 1.23 1.05 1.38
W8x15 240 0.95 0.73 0.88 0.67 1.30 1.09 1.43
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Table 3

Cantilever Beam with a Point Load at the Free End, Shear Center Loading, Continuous Bracing

Critical Load (kips) Critical Load Ratio
. Beam . o BASP/ BASP/

Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified

(in) Equation Equation AISC Equation Equation
W12x53 90 633.90 232.50 776.80 696.80 2.73 0.82 0.91
W12x53 120 380.50 103.20 395.00 351.10 3.69 0.96 1.08
W12x53 150 222.10 56.00 224.20 196.60 3.97 0.99 1.13
W12x53 180 138.70 34.52 139.60 121.20 4.02 0.99 1.14
W12x53 210 92.80 23.21 93.37 80.39 4.00 0.99 1.15
W12x53 240 65.77 16.61 66.14 56.44 3.96 0.99 1.17
W16x26 90 97.19 30.94 100.30 89.82 3.14 0.97 1.08
W16x26 120 53.69 13.68 51.68 46.06 3.92 1.04 1.17
W16x26 150 30.69 7.40 29.48 25.91 4.15 1.04 1.18
W16x26 180 19.03 4.55 18.37 15.98 4.19 1.04 1.19
W16x26 210 12.69 3.05 12.29 10.60 4.16 1.03 1.20
W16x26 240 8.99 2.18 8.69 7.44 4.13 1.03 1.21
W8x15 90 28.46 711 28.61 24.64 4.00 0.99 1.16
W8x15 120 13.67 3.50 13.73 11.54 3.91 1.00 1.18
W8x15 150 8.06 2.07 8.04 6.49 3.89 1.00 1.24
W8x15 180 5.44 1.37 5.38 4.09 3.97 1.01 1.33
W8x15 210 4.05 0.98 3.94 2.79 4.14 1.03 1.45
W8x15 240 3.24 0.73 3.08 2.02 4.42 1.05 1.61

Table 4
Cantilever Beam with a Point Load at the Free End, Top Flange Loading, Continuous Bracing
Critical Load (kips) Critical Load Ratio
. Beam . o BASP/ BASP/

Beam Size Lenath BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
g . . . .

(in) Equation Equation AISC Equation Equation
W12x53 90 196.00 232.50 201.00 197.20 0.84 0.98 0.99
W12x53 120 103.10 103.20 79.92 75.64 1.00 1.29 1.36
W12x53 150 63.47 56.00 47.92 45.00 1.13 1.32 1.41
W12x53 180 43.47 34.52 33.29 31.25 1.26 1.31 1.39
W12x53 210 32.04 23.21 24.78 23.25 1.38 1.29 1.38
W12x53 240 24.89 16.61 19.26 18.01 1.50 1.29 1.38
W16x26 90 32.15 30.94 28.06 27.75 1.04 1.15 1.16
W16x26 120 16.61 13.68 10.54 10.01 1.21 1.58 1.66
W16x26 150 9.95 7.40 6.18 5.81 1.35 1.61 1.71
W16x26 180 6.62 4.55 4.26 4.00 1.46 1.55 1.65
W16x26 210 4.74 3.05 3.17 2.97 1.55 1.49 1.59
W16x26 240 3.58 2.18 2.46 2.30 1.65 1.46 1.56
W8x15 90 9.85 711 7.57 711 1.39 1.30 1.39
W8x15 120 5.72 3.50 4.41 4.09 1.64 1.30 1.40
W8x15 150 3.88 2.07 2.94 2.64 1.87 1.32 1.47
W8x15 180 2.89 1.37 2.15 1.84 2.11 1.35 1.57
W8x15 210 2.30 0.98 1.67 1.35 2.35 1.38 1.70
W8x15 240 1.92 0.73 1.35 1.03 2.61 1.42 1.86
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Table 5
Cantilever Beam with a Point Load at the Free End, Shear Center Loading, Discrete Bracing
Critical Load (kips) Critical Load Ratio
_ Beam _ o BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
(in) Equation Equation AISC Equation Equation
W12x53 90 550.20 232.50 696.80 696.80 2.37 0.79 0.79
W12x53 120 329.40 103.20 351.10 351.10 3.19 0.94 0.94
W12x53 150 194.90 56.00 196.60 196.60 3.48 0.99 0.99
W12x53 180 121.50 34.52 121.20 121.20 3.52 1.00 1.00
W12x53 210 80.68 23.21 80.40 80.40 3.48 1.00 1.00
W12x53 240 56.56 16.61 56.45 56.45 3.41 1.00 1.00
W16x26 90 86.81 30.94 89.82 89.82 2.81 0.97 0.97
W16x26 120 47.18 13.68 46.06 46.06 3.45 1.02 1.02
W16x26 150 26.69 7.40 25.91 25.91 3.61 1.03 1.03
W16x26 180 16.36 4.55 15.98 15.98 3.60 1.02 1.02
W16x26 210 10.77 3.05 10.60 10.60 3.53 1.02 1.02
W16x26 240 7.52 2.18 7.44 7.44 3.46 1.01 1.01
W8x15 90 24.66 7.11 24.64 24.64 3.47 1.00 1.00
W8x15 120 11.49 3.50 11.54 11.54 3.29 1.00 1.00
W8x15 150 6.48 2.07 6.49 6.49 3.13 1.00 1.00
W8x15 180 4.13 1.37 4.09 4.09 3.01 1.01 1.01
W8x15 210 2.87 0.98 2.79 2.79 2.93 1.03 1.03
W8x15 240 212 0.73 2.02 2.02 2.89 1.05 1.05
Table 6
Cantilever Beam with a Point Load at the Free End, Top Flange Loading, Discrete Bracing
Critical Load (kips) Critical Load Ratio
. Beam . o BASP/ BASP/
Beam Size Len BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
gth . . . :
(in) Equation Equation AISC Equation Equation
W12x53 90 188.40 232.50 220.40 197.20 0.81 0.85 0.96
W12x53 120 98.13 103.20 84.42 75.64 0.95 1.16 1.30
W12x53 150 60.01 56.00 50.47 45.00 1.07 1.19 1.33
W12x53 180 40.84 34.52 35.21 31.25 1.18 1.16 1.31
W12x53 210 29.88 23.21 26.28 23.25 1.29 1.14 1.29
W12x53 240 22.99 16.61 20.40 18.01 1.38 1.13 1.28
W16x26 90 31.33 30.94 31.06 27.75 1.01 1.01 1.13
W16x26 120 16.09 13.68 11.16 10.01 1.18 1.44 1.61
W16x26 150 9.59 7.40 6.50 5.81 1.30 1.47 1.65
W16x26 180 6.34 4.55 4.50 4.00 1.39 1.41 1.58
W16x26 210 4.51 3.05 3.36 2.97 1.48 1.34 1.52
W16x26 240 3.38 2.18 2.61 2.30 1.55 1.30 1.47
W8x15 90 9.24 711 8.03 7.11 1.30 1.15 1.30
W8x15 120 5.24 3.50 4.64 4.09 1.50 1.13 1.28
W8x15 150 3.44 2.07 3.01 2.64 1.66 1.14 1.30
W8x15 180 2.45 1.37 2.10 1.84 1.79 1.17 1.33
W8x15 210 1.84 0.98 1.54 1.35 1.88 1.19 1.36
W8x15 240 1.45 0.73 1.18 1.03 1.98 1.23 1.41

144 / ENGINEERING JOURNAL / THIRD QUARTER / 2004




Table 7

Cantilever Beam with a Uniformly Distributed Load, Shear Center Loading, No Bracing

Critical Load (kips)

Critical Load Ratio

. Beam _ S BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
in) Equation Equation AISC Equation Equation
W12x53 90 1300.00 465.00 1517.00 1517.00 2.80 0.86 0.86
W12x53 120 655.10 206.30 685.10 685.10 3.18 0.96 0.96
W12x53 150 374.30 112.00 373.70 373.70 3.34 1.00 1.00
W12x53 180 253.40 69.03 229.60 229.60 3.67 1.10 1.10
W12x53 210 159.00 46.42 153.80 153.80 3.43 1.03 1.03
W12x53 240 113.50 33.23 108.10 108.10 3.42 1.05 1.05
W16x26 90 187.20 61.87 201.30 201.30 3.03 0.93 0.93
W16x26 120 91.72 27.36 90.67 90.67 3.35 1.01 1.01
W16x26 150 52.04 14.80 49.38 49.38 3.52 1.05 1.05
W16x26 180 32.86 9.09 30.28 30.28 3.61 1.09 1.09
W16x26 210 22.42 6.09 20.15 20.15 3.68 1.11 1.11
W16x26 240 16.20 4.35 14.22 14.22 3.72 1.14 1.14
W8x15 90 49.68 14.22 46.88 46.88 3.49 1.06 1.06
W8x15 120 24.09 6.99 22.30 22.30 3.44 1.08 1.08
W8x15 150 14.06 4.14 12.71 12.71 3.39 1.11 1.11
W8x15 180 9.26 2.75 8.10 8.10 3.37 1.14 1.14
W8x15 210 6.63 1.96 5.57 5.57 3.39 1.19 1.19
W8x15 240 5.04 1.47 4.05 4.05 3.44 1.24 1.24
Table 8
Cantilever Beam with a Uniformly Distributed Load, Top Flange Loading, No Bracing
Critical Load (kips) Critical Load Ratio
. Beam BASP/ BASP/
Beam Size Lenath BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
g . . . .
(in) Equation Equation AISC Equation Equation
W12x53 90 311.20 465.00 350.00 288.80 0.67 0.89 1.08
W12x53 120 176.00 206.30 163.40 133.10 0.85 1.08 1.32
W12x53 150 114.10 112.00 107.90 81.96 1.02 1.06 1.39
W12x53 180 80.99 69.03 78.28 56.36 117 1.03 1.44
W12x53 210 60.10 46.42 59.29 41.11 1.29 1.01 1.46
W12x53 240 47.83 33.23 46.22 31.22 1.44 1.03 1.53
W16x26 90 43.89 61.87 48.05 39.11 0.71 0.91 1.12
W16x26 120 23.91 27.36 21.06 17.33 0.87 1.14 1.38
W16x26 150 15.18 14.80 13.71 10.56 1.03 1.11 1.44
W16x26 180 10.64 9.09 9.95 7.25 1.17 1.07 1.47
W16x26 210 7.95 6.09 7.56 5.29 1.31 1.05 1.50
W16x26 240 6.21 4.35 5.90 4.02 1.43 1.05 1.55
W8x15 90 19.52 14.22 18.12 12.57 1.37 1.08 1.55
W8x15 120 11.21 6.99 10.50 6.92 1.60 1.07 1.62
W8x15 150 7.38 4.14 6.74 4.32 1.78 1.10 1.71
W8x15 180 5.31 2.75 4.64 2.93 1.93 1.14 1.81
W8x15 210 4.05 1.96 3.37 2.11 2.07 1.20 1.92
W8x15 240 3.24 1.47 2.55 1.58 2.20 1.27 2.05
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Table 9
Cantilever Beam with a Uniformly Distributed Load, Shear Center Loading, Continuous Bracing
Critical Load (kips) Critical Load Ratio
_ Beam _ S BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
(in) Equation Equation AISC Equation Equation
W12x53 90 3084.00 465.00 3945.00 3019.00 6.63 0.78 1.02
W12x53 120 1732.00 206.30 1829.00 1476.00 8.40 0.95 1.17
W12x53 150 1011.00 112.00 996.50 805.40 9.03 1.01 1.26
W12x53 180 632.70 69.03 607.40 485.40 9.17 1.04 1.30
W12x53 210 423.00 46.42 401.70 315.90 9.1 1.05 1.34
W12x53 240 299.10 33.23 282.70 218.10 9.00 1.06 1.37
W16x26 90 522.60 61.87 519.20 390.70 8.45 1.01 1.34
W16x26 120 246.90 27.36 241.70 194.50 9.02 1.02 1.27
W16x26 150 141.20 14.80 131.80 106.70 9.54 1.07 1.32
W16x26 180 88.03 9.09 80.27 64.37 9.68 1.10 1.37
W16x26 210 59.23 6.09 53.00 41.89 9.73 1.12 1.41
W16x26 240 42.40 4.35 37.21 28.90 9.75 1.14 1.47
W8x15 90 131.90 14.22 123.10 96.87 9.28 1.07 1.36
W8x15 120 63.23 6.99 58.34 43.74 9.05 1.08 1.45
W8x15 150 37.16 4.14 33.81 23.90 8.98 1.10 1.55
W8x15 180 25.17 2.75 22.27 14.74 9.15 1.13 1.71
W8x15 210 18.93 1.96 16.01 9.87 9.66 1.18 1.92
W8x15 240 15.37 1.47 12.24 7.02 10.46 1.26 2.19
Table 10
Cantilever Beam with a Uniformly Distributed Load, Top Flange Loading, Continuous Bracing
Critical Load (kips) Critical Load Ratio
. Beam BASP/ BASP/
Beam Size Lenath BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
g . . . .
(in) Equation Equation AISC Equation Equation
W12x53 90 558.10 465.00 549.00 543.50 1.20 1.02 1.03
W12x53 120 334.50 206.30 255.00 237.00 1.62 1.31 1.41
W12x53 150 214.10 112.00 154.10 141.10 1.91 1.39 1.52
W12x53 180 148.00 69.03 103.40 94.73 2.14 1.43 1.56
W12x53 210 108.90 46.42 73.61 67.93 2.35 1.48 1.60
W12x53 240 83.90 33.23 54.76 50.90 2.52 1.53 1.65
W16x26 90 83.44 61.87 73.97 74.28 1.35 1.13 1.12
W16x26 120 46.94 27.36 33.26 31.89 1.72 1.41 1.47
W16x26 150 29.10 14.80 19.95 18.28 1.97 1.46 1.59
W16x26 180 19.74 9.09 13.37 12.24 217 1.48 1.61
W16x26 210 14.35 6.09 9.53 8.78 2.36 1.51 1.64
W16x26 240 10.98 4.35 7.09 6.58 2.52 1.55 1.67
W8x15 90 34.67 14.22 22.52 20.78 2.44 1.54 1.67
W8x15 120 19.38 6.99 11.91 11.14 2.77 1.63 1.74
W8x15 150 12.66 4.14 7.33 6.84 3.06 1.73 1.85
W8x15 180 9.16 2.75 5.00 4.59 3.33 1.83 2.00
W8x15 210 7.14 1.96 3.68 3.27 3.64 1.94 2.18
W8x15 240 5.88 1.47 2.87 2.44 4.00 2.05 2.41
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Table 11

Cantilever Beam with a Uniformly Distributed Load, Shear Center Loading, Discrete Bracing

Critical Load (kips)

Critical Load Ratio

_ Beam _ o BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
(in) Equation Equation AISC Equation Equation
W12x53 90 2947.00 465.00 3879.00 3019.00 6.34 0.76 0.98
W12x53 120 1622.00 206.30 1731.00 1476.00 7.86 0.94 1.10
W12x53 150 933.10 112.00 922.50 805.40 8.33 1.01 1.16
W12x53 180 578.00 69.03 553.60 485.50 8.37 1.04 1.19
W12x53 210 382.90 46.42 361.30 315.90 8.25 1.06 1.21
W12x53 240 268.20 33.23 250.90 218.10 8.07 1.07 1.23
W16x26 90 517.30 61.87 513.80 390.70 8.36 1.01 1.32
W16x26 120 229.90 27.36 230.00 194.50 8.40 1.00 1.18
W16x26 150 129.60 14.80 122.50 106.70 8.76 1.06 1.21
W16x26 180 79.87 9.09 73.42 64.37 8.79 1.09 1.24
W16x26 210 53.10 6.09 47.85 41.89 8.72 1.11 1.27
W16x26 240 37.49 4.35 33.18 28.90 8.62 1.13 1.30
W8x15 90 119.10 14.22 110.80 96.87 8.38 1.07 1.23
W8x15 120 55.53 6.99 50.76 43.74 7.94 1.09 1.27
W8x15 150 31.39 4.14 28.17 23.90 7.58 1.11 1.31
W8x15 180 20.13 2.75 17.61 14.74 7.32 1.14 1.37
W8x15 210 14.09 1.96 11.93 9.87 7.19 1.18 1.43
W8x15 240 10.50 1.47 8.57 7.02 714 1.23 1.50
Table 12
Cantilever Beam with a Uniformly Distributed Load, Top Flange Loading, Discrete Bracing
Critical Load (kips) Critical Load Ratio
. Beam BASP/ BASP/
Beam Size Length BASP AISC Curve Fit Simplified BASP/ Curve Fit Simplified
(in) Equation Equation AISC Equation Equation
W12x53 90 552.80 465.00 538.00 543.50 1.19 1.03 1.02
W12x53 120 330.60 206.30 240.80 237.00 1.60 1.37 1.39
W12x53 150 211.10 112.00 151.00 141.10 1.88 1.40 1.50
W12x53 180 145.60 69.03 105.90 94.73 2.11 1.37 1.54
W12x53 210 106.90 46.42 78.30 67.93 2.30 1.37 1.57
W12x53 240 82.18 33.23 60.04 50.90 2.47 1.37 1.61
W16x26 90 82.55 61.87 73.35 74.28 1.33 1.13 1.11
W16x26 120 46.32 27.36 31.35 31.09 1.69 1.48 1.49
W16x26 150 28.64 14.80 19.37 18.28 1.94 1.48 1.57
W16x26 180 19.39 9.09 13.55 12.24 2.13 1.43 1.58
W16x26 210 14.06 6.09 10.04 8.78 2.31 1.40 1.60
W16x26 240 10.73 4.35 7.71 6.58 2.47 1.39 1.63
W8x15 90 33.57 14.22 23.94 20.78 2.36 1.40 1.62
W8x15 120 18.75 6.99 13.44 11.14 2.68 1.40 1.68
W8x15 150 12.21 4.14 8.49 6.84 2.95 1.44 1.78
W8x15 180 8.74 2.75 5.81 4.59 3.18 1.51 1.90
W8x15 210 6.66 1.96 4.20 3.27 3.40 1.58 2.04
W8x15 240 5.31 1.47 3.17 2.44 3.61 1.67 2.18
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