
Rapid Selection of Beam-Columns 
MOE A. RUBINSKY 

T H I S PAPER presents methods for the rapid selection of 
members in the design of beam-columns. The members 
may be subject to bending about either or both axes, 
with or without direct load. Method PMX converts the 
direct load and /or the moment about the Y-Y axis into 
equivalent moments about the X-X axis, reducing the 
problem to the selection of a beam with bending about 
the X-X axis only. Method M P converts the moment 
about the X-X axis and /or the moment about the Y-Y 
axis into direct loads, reducing the problem to the selec­
tion of a column without bending. 

ORIGIN OF METHODS 

The methods presented herein were born of desperation. 
The scheduled time for the complete structural design of 
a large braced power plant was three months (start to 
finish). This type of structure entails the design of a 
large number of beam-columns. 

It soon became apparent that the excessive time 
being spent on these members would make it impossible 
to meet the tight schedule. The design office suffered 
from a common malady—designer understaffing. The 
cure required that the designer be relieved of routine 
tasks. Unfortunately, no routine procedure (as far as 
was known) was available for the selection of beam-
column members. The common "guess" procedure 
usually required several guesses and resulted in over-
designed or underdesigned sections. When underde-
signed, redesign was necessary. Overdesign within about 
20 percent was usually tolerated; there just wasn't time 
to do better. 

The development of a simple, rapid procedure became 
urgent. Since A36 steel with Cb = 1 was being used, a 
method utilizing the allowable moment beam charts on 
pages 2-48 through 2-53 of the AISC Manual of Steel 
Construction appeared to offer hope. Could the beam 
moment be modified to allow for the direct load? 

This approach proved successful; its use by a novice 
resulted in the selection of an efficient section in a short 
time, even when several loading conditions had to be 
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considered. A modified moment was obtained by con­
verting interaction Formula (7a) as follows: 

fa_ , (AF)/6Cm/& 

Fa Fb 

where 

( A F ) / 6 = 1 - (fa/F'e) 

and, solving for Fb, 

(AF) fbCmfb 

[1 - (fa/Fa)} ~ b 

The left hand side of this equation represents an 
amplified fb and therefore an amplified M, since M — 
AS/12. 

A trial section was simply and rapidly checked by 
this method by finding: 

l . / a = P/A 
2. Fa (using the higher value of \2Kxlx/rx and \2Kyly/ry 

from Manual pg. 5-68) 
3- fJFa 

4. (AF) / 6 = 1/[1 - VJF'e)] (Manual pg. 5-69) 

5. Modified moment M' = CmM — ^ - ~ 
1 ~ (fa/Fa) 

When the allowable moment in the Manual beam 
charts was approximately equal to the modified moment, 
the member was considered satisfactory if: 

(a) AISC Specification Formula (7b) was satisfied. 
(b) The requirement of Specification Sect. 1.9.2, 

concerning the maximum allowable ratio of un­
supported depth-to-thickness of web, was satisfied. 

(c) For Fb = 24 ksi, the requirements of Sect. 1.5.1.4.1 
concerning compactness for bending, for com­
bined axial load and bending, and for compression 
flange support were satisfied. 

If the member was unsatisfactory, i.e., MaU from 
the beam charts was too high or too low, another trial 
section was selected, using the modified moment, M\ as 
a guide. Steps 1 through 5 were then repeated. This 
process was continued until a satisfactory section was 
found. 
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Although the schedule was met with the help of this 
method, some time-consuming shortcomings were ap­
parent : No guides were available for the selection of rea­
sonable trial members; the section testing was extremely 
rapid only for A36 steel with Cb = 1; the maximum un­
braced compression flange length plotted on the beam 
charts was 25 ft; the checks for compactness for com­
bined axial load and bending (Sect. 1.5.1.4.1) and for 
the allowable versus actual ratio of unsupported web 
width T to web thickness t (Sect. 1.9.2) could not be 
made rapidly. 

In addition a member occasionally had to be de­
signed for axial load and bending about both axes, for 
axial load and bending about the Y-Y axis only, for 
bending about both axes without axial load, and, in 
some cases, with A242 steel. The method proved awk­
ward for these cases. 

The methods finally developed and presented in this 
paper overcame all these objections. They are applicable 
to beams, columns and beam-columns of any steel, and 
Cb can have any value. A trial section can be selected on 
a rational basis in a short time. Sections of A36, A440, 
A441, or A242 steel can be tested rapidly for compliance 
with all pertinent code requirements. The methods pre­
sented are applicable to all other steels; however, in 
such cases their testing is more time-consuming because 
necessary design aids are not available. Although the 
methods described deal only with member selection, 
they permit rapid preliminary sizing of members and 
determination of relative stiffness values. Values of P, 
CmxMx, CmyMy, Lspan, Kxlx, Kyly, lyu and Cb must be known 
or assumed. Values of P, Mx or My may be zero. 

DESCRIPTION OF METHODS 

Method PMX converts the direct load and/or the mo­
ment about the Y-Y axis into equivalent moments about 
the X-X axis. This reduces the problem to that of the 
selection of a beam with bending about the X-X axis 
only. Method M P converts the moment about the X-X 
axis and /o r the moment about the Y-Y axis into direct 
loads, reducing the problem to that of the selection of a 
column without bending. The results from both methods 
are identical. 

Method M P is preferable when a column section 
(14W7 or shallower) would be used, i.e., when P acts in 
conjunction with My only, or when P is relatively high 
and acts in conjunction with Mx and My, or Mx only. 

Method PMX is preferable for all other conditions. 
The only conditions for which neither method is 

advantageous a re : 
1. Bending about the X-X axis only for A36 steel, 

Cb = 1, lyu < 25 ft. The Manual beam charts, pgs. 2-48 
through 2-53, provide a simple, rapid solution for this 
case. (Note that the following are not plotted on the 
charts: V\F's heavier than 14 W 119, all BP's, all Ps, and 
the new 18B through 24B lightweight sections.) 

2. Axial load only for A36, A440, A441, and A242 
steels. The Manual column tables (pgs. 3-13 through 
3-43) adequately provide a simple, rapid solution for 
this case. (Note that the tables do not include V\F's 
heavier than 14V\F426.) 

DERIVATION OF FORMULAS 

Equivalent Beam Method ( P M J — The axial load P 
is converted into an equivalent moment MX_PM about 
the X-X axis so that the average fiber stress due to P 
equals the extreme fiber stress due to MX_PM as follows 
(see the Nomenclature in this paper for units): 

M _ faSx _ (P/A)(2ArxVd) Prx* 
MX.PM - — - - - — = C PMP 

where fa = Pact/A = [12(MX_PM)/SX] 

Sx = 
Arx

2 2Arr
2 

d/2 
= \2AC'F 

where CPM = — 
bd 

Some other relationships used are: 

_ \2MX 

fbx — 

Fhr. — 

hy — 

^by 

ox 

\2Mx_all 

Sx 

\2MV 

Oy 

\2My.aU 

For bi-axial bending, Formula (7a) becomes: 

fa . (AF) fbxCmxfbx (AF)fbyCmyfby _l_ _j < i 
by 

This is transformed as follows: 

LL f1^) + Wf»J°™f»* + (mfbCmyfby(Fbx/Fby) _ ^ 
Fbx \Fa) Fbx Fbx 

(12Mx.PM/Sx)(Fbx/Fa) + (A¥)fbCmx(^Mx/Sx) + 
(AF) fbCmy(\IMy/Sy) (Fbx/Fby) (Sx/Sx) _ 

\2Mx.all/Sx 

Mx.PM(Fbx/Fa) + (AF) fbCmxMx + 
(AF)fby CmyMy(Sx/Sy)(Fbx/Fby) 

Mx.all 

Cf
PMP(Fbx/Fa) + (AF) /6x CmxMx + 

(AF) fbyCmyMy(Sx/Sy)(Fbx/Fby) 

Mx.all 

< 1 

< 1 

< 1 
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Thus, multiplying P by C'PM(Fbx/Fa) converts P into 
an equivalent moment about the X-X axis. Multiplying 
(AF) fbyCmyMy by (Sx/Sy)(Fbx/Fby) similarly converts the 
effective Y-Y axis moment into an equivalent moment 
about the X-X axis. Adding these to the effective X-X 
axis moment, (AF) fbxCmxMx gives an equivalent design 
moment about the X-X axis. If the member supplied 
has an allowable moment equal to or greater than this 
moment, the interaction Formula (7a) is satisfied. 

By assuming Fbx/Fby — 1 and using approximate 
values for Cf

 PM(Fbx/Fa) and (Sx/Sy), a trial member can 
be selected. Better approximate values can then be de­
termined and a revised trial member found. Exact 
values of C'PM{Fbx/Fa\ (AF) /6x, and (AF) fby(Sx/Sy) 
(Fbx/Fby) are then found and an exact equivalent mo­
ment determined. A comparison of this with the allow­
able moment will determine if the trial member is satis­
factory or if a new trial member should be chosen. 

Equivalent Column Method (MP)—Moments Mx 

and My are converted into equivalent axial loads 
Px-eq and Py.eg, respectively, such that the extreme fiber 
stress due to these moments equal the average fiber stress 
respectively due to the axial loads. 

The biaxial bending form of interaction Formula (7a) 
is transformed as follows: 

fa (AF)fbxCmxfbx{\/(Fbx/Fa)] 

Fa Fa + 
(AF)fbCmyfby[l/(Fby/Fa)} 

< 1 

fa 

Fa = 

1 act 

fbx — 

A 

\2MT 

Sx 

1 x-eq 

_ /X2MA \ 
X'es - \ S, ) A ~ (2 

2MXA 

(2ArJ/d) 

Mx MT 

(rx*/6d) C'r 

Then, 

(MJC'PM) 

hv ~ 
\2My • y-eo 

~A 

o (\2MA My [12MXA\ /SA 
v'e« \ Sv JA Mx\ Sx ) \sj 

M, 

Mx 

M„ 

M,_ 

C 

/by 
^ PM \ ^ ^ 

PM/ \&yj ^ PM 

m 

Substituting these values in the transformed inter­
action formula: 

(Pact/A) (AF) fbxCmx{Mx/C'PM) (11 A) [\/(Fbx/Fa)} + 

(Pan/A) (Pan/A) 

(AF)fbuCmy(My/C'PM) (Sx/Sy) (1 /A) [\/(Fby/Fa) ] 

(Pall/A) 

and 

Pact + [CmxMx/(Fbx/Fa)][(AF)fJC'PM] + 
CmyMy(AF)fby[(Sx/Sy)/C'PM]Fa/Fby _ 

< 1 

Thus, dividing (AF)fbxCmxMx by (Fbx/Fa)C
f
PM con­

verts the effective X-X axis moment into an equivalent 
axial load. Similarly, multiplying (AF)fbyCmyMyi the 
effective Y-Y axis moment, by [(Sx/Sy)/CPM](Fa/Fby) 
converts it into an additional equivalent axial load. 
Adding these to the actual axial load, Pach an equiva­
lent design axial load is obtained. If the member sup­
plied has an allowable axial load equal to or greater 
than the equivalent design axial load, Formula (7a) 
is satisfied. 

By using approximate values for C'PM(Fbx/Fa) and 
for (\/Cf

PM)(Sx/Sv)(Fa/Fby) a trial member can be se­
lected. The value of (Fa/Fby) can be assumed equal to 
l/(Fbx/Fa) with Fbx/Fa obtained from Graph A. Better 
approximate values can then be determined and a re­
vised trial member found which will be very close to 
the actual member required. An exact equivalent direct 
load is then determined. A comparison of this with the 
allowable direct load will determine whether the trial 
member is satisfactory or a new trial member should be 
chosen. 

These formulas also apply to Formula (6). In that 
case, (AF) / 6x , (AF) / 6 y , Cmx and Cmy are simply made 
equal to 1. 

Formula (6) becomes, for Method PM X : 

< 1 
C'PM P(Fbx/Fa) + Mx + My(Sx/Sy)(Fbx/Fby) 

Mx_all 

For Method MP, Formula (6) becomes: 

Fact + {MJ[(Fix/Fa)C'PM}\ + 

(My/C'PM)(Sx/Sv)(Fa/F,y) i 

Pall 

A refinement, leading to economy in some cases, is 
the use of a reduced yield point F'y below the minimum 
specified yield point Fy. When lyu < Lc, F6(max) = 
0.60/^ when the section is not compact; if the section 
is compact for F'y, Fb(ma.x) = 0.66F'y. The value of 
F'y can be obtained using the provisions of Sect. 
1.5.1.4.1. The procedures described above are then ap­
plicable for F'y. 
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DESIGN EXAMPLES AND COMPUTATION FORMS 

For maximum efficiency in the use of the PMX and M P 
methods, the author has developed a standard computa­
tion form for each method. By using these forms, which 
provide a step-by-step outline for the computations, 
the designer is required to supply information for the 
first four lines only; a less-skilled individual can, with 
minimum supervision, complete the computations by 
following the instructions on the form. Boxed references 
such as Tl , GA, and L2P refer to the Tables, Graphs, 
and computation form lines, respectively. 

To illustrate the use of the methods described in this 
paper, an illustrative example has been worked out on 
the computation form for each method. 

0.85 

Example 1 (PMX Method) : 

Given: P = 190 kips 
Mx = 450 kip-ft 
My = 2 1 kip-ft 
Lsvan = 30.0 ft 
Fy — 36 ksi 
Cb = 1 

C 

lx 
ly 

I'M. 

Kx 

— r — 
^my 

= 30.0 ft 
= 20 .0 ft 
= 20.0 ft 

= Ky = 1 

Solution: See Fig . 1 

Example 2 (MP Method): 

Given: P 
Mx 

My 

•Lspt 

Fy 

Cb 

= 380 kips 
= 42 kip-ft 
= 21 kip-ft 
= 30.0 ft 
= 36 ksi 

1 

C 

U 
ly 

^yu 

Kx 

C = 

3 0 . 0 ft 

2 0 . 0 ft 

2 0 . 0 ft 

Ky = 1 

0.85 

Solution: See Fig. 2. 

SUPPLEMENTAL DISCUSSION 

General— 

Yield Point (Fy)—Since the yield point stress Fy varies 
for different shapes of A440, A441, and A242 steels (see 
Manual pgs. 5-155 through 5-157), a trial section for 
these grades of steel must first be selected before Fy can 
be entered on the computation form. A subsequent 
change of section may require a change of Fy. 

Wind and Seismic Loads—It is suggested that all axial 
loads and moments which are considered in conjunction 
with wind or seismic effects and those due to the wind 
or seismic effects be reduced to 75 percent of their de­
sign values. This permits the use of normal stresses 
while taking advantage of the Specification provision 
for increasing allowable stresses by one-third. Quite 
often it is necessary to consider several loading condi­
tions when selecting a member. Entering the reduced 
loads and moments as suggested on the computation 
forms permits a visual comparison of all loading condi­
tions and the elimination of the non-critical ones. 

Approximations—In this supplemental discussion, all 
approximations presented for obtaining trial sections 
are recommendations by the author. It is intended to 
make the approximations as broadly applicable as 
possible; hence, since a large number of parameters are 
involved, the amount of time saved by using the approxi­
mations will vary for different conditions. For any par­
ticular application, for instance a light structure using 
light members, the approximations can be refined. 

The testing procedure is precise, however, and includes 
no approximations. The use of the recommended ap­
proximations therefore does not affect the final result. 
A good approximation saves time; a poor one wastes 
time. 

Design Aids— 

Table 3 : In a few cases Lu for A440, A441 and A242 
steel does not agree with values found in the Steel 
Construction Manual . The reason is that the au­
thor took advantage of the option in a footnote on 
pg. 5-18: "Where l/r is less than 40 (12lyu/rA in the 
author's notation), stress reduction according to 
Formula (4) may be neglected." Hence, when Lu = 
40r4/12 is larger than Lu = 20fi00/12(d/Af)Fy, the 
former is included in the table. 

Graph A: This graph represents the plot of averaged 
values obtained from a large number of beam-
column designs. Its use should be limited to the 
selection of trial members. 

Graph B: May be used to find values of Fa for all grades 
of steel when \2Kl/r > 126A (main members) and 
12//r > 120 (bracing and secondary members). 

For steels other than A36, A440, A441 and A242, 
when \2Kl/r < 126.1, Formulas (1) or (2), Section 
1.5.1.3 should be used. 

Graph D : The plots of d/t (maximum allowable) vs. 
fa/Fa for A36, A242, A440, and A441 steels can be 
used to check compactness for combined axial force 
and bending as required by Sect. 1.5.1.4.1. The 
graph is also of value when calculating reductions 
in areas to make the section conform to the provi­
sions of Sect. 1.9.2. 

Graph E: Fb vs. Cb for various values of \2lyu/rh Formula 
(4), for Fy = 36 ksi. 

The graph can also be used for any value of Fv 

and Cb as follows: 

-[ i 
(12Wr«»)-

2C*Ch 

0.60F„ Formula (4) 

For Fy = 36, this becomes: 

(12/w/r4T 
Fb-HB — 1 

2C c^Q,,; c-36^&-36J 
0.6 X 36 
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EQUIVALENT BEAM METHOD PMX 1 
Axial loads -kips ; Moments - f t . kips ; Stresses - ksi ; 

1 Lengths - ft. except r and d which are in . ,S- in 3 | 

|Boxes: |L3| = Line 3 ; |GB| = Graph B •, |T2| = Table 2 , etc. | 

|P, X or Y following line numbers, denotes line to be used exclusively for 1 
P, Mx or My respectively. 

1 ' 
2P 

1 3X 
1 3Y 

4 

5 
6P 

7Y 

8 

9 

IOA 

MOB 

1 

F v
k s , J C b 

P 

Cmx Mx 

Cmy My 

L f t 

Kx»x 

KyJy 

Xyu 

d,n(min.) = CdL 

d , n - t ry 
CPM P(F b x /Fa)a P P 

Cmy My (Sx/Sy)app 

Cmx Mx 

Mix- req 

Member 

Sx -req 

M X - 0 l l 
S x - sup 

M x - a l l 
Fbx = l 2M x _ a „ /S x 

Cb
 = C b - a c t ( 3 6 / F v ) 

0yu x|2/r4
i n 

F' rbx4 

Fbx4 = Fbx4LFy/36J 
Fbx5 = IOOC/ |WA f )y 
For Fbx use larger o1 

l ft • i ft 

Mx-ol l s F b x S x / l 2 

Span (not for vert, memb.) 

Unbraced I'gth comp. flange 

[TT| x[L4| (not for vert, memb.) 

[T2| x [L2Plx [GAl 

r E 3 Y l x [ T 2 l 

|L3Xl 

[L6P1 + 1L771 + [L81 

1LIOAI or ITJOBl 

LTS 
B*m Charts -AISC Manual 

| L 4 | x l 2 / [ T 3 l 

\m 
IQ00/|Tf3]x[L4l] 

P Fbx4 or Fbx5 

| T 3 | 

Use when 
*y t a** oncfjor 
C^t/and 
for all other 
cases for 
which the 
AI5C Geam 
Charts are 
are not 
applicable. 

Fy -36 i C£ • / | 

laO 
0.35*450*332 
0.35*21 = 13 \ 

30.0 
1*30.0 * 30.0\ 

1 * 20.0 ' 20.0 

20.0 

0.54*30.0 -IG.2 

27 
(0.76){l<?O)(l35hl15 

(13)(°.3) =/<27 

332 

744 

27Yr"l45 740 

403 1 

740 

(ie)(740)/(403)=22 

Fig. 7. Computation outline form for Equivalent Beam Method PMX, including sample computations for Example 7. 
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IOY 

IIP fa = P/(A,A'or A") 

0.66 Fy (compact); 

0.60 Fy (non - compact) 

L 2 P / T3 

24 

i<to/4e.ea =4.45 

I2X »2KX lx/rx'" 12 L4 /m \(/e)(3O.O)///.Z0'32 

I2Y !2Ky ty/fy in 12 L4 /m (/e)(eao)/$.o9 * za 
I3P 

When Fbx ILIOA or 

GBl Use Max. l2Kj?/r 
or LI2X 

LIOB 
LI2Y 

15.6 

s0.66Fv see Line 13 A below. 

L2lx[pOA| or QjgD/lygP 14 P P(Fbx/Fa) 0<?O)(?2)//5.G*2<Ba 

C\ PM T3 Q.7&G 

I6X (AF)f bx. GCI Use I2KX Jx/rx [LI2X J.03 

I6Y (AF)fby(Sx/SyKFbx/Fby) 

Usel2Kyl!y/ry P2Y1 for (AF)fby 

GC| |T3lpOAl or DOBI/POYT M22)(6.q3)U*7.7<5 
53 

17 C'pMP(Fbx/Fq) LI5 ILI4P p.73<i)fr66)*2/0 

4CmyMy(AF)ffi/SyKFbx/F;by) |L3Y| 1LI6Y 
+CmxMx(AF)fhx 

+(/6)(7.7<S) = 140 

L3X LI6X +(562)003) =393 

= M2x-req 743 
W(45Q) QSH?0~ 

4.46 (4Q3) .(56J$T _ 
TF~ +"TT~ + 24 " 
0.20+0.6I+0.I& -0.99 

18 U fbx . fby _ 
0.6Fy Fbx Fby 

At points braced in plane of 
bending 

I3A Wfc opi/ro3Pi 
d / t (actual) T3 
d / t (allowable) 6D 

If there is no 
entry in d/| col. 
in [Til 
Fb-max" 0.66 Fy_ 

I If d/t(actual) > d/t(all.), Fbx(mox.) =0.6Fy; Revise Lines 9 and IOA or 10B 

Compare M2x-req |LI7| with Mx-an. [L9] i if unsatisfactory, select new 
member. 

Fig. 1. (Continued.) 
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EQUIVALENT COLUMN METHOD MP 1 
Axial loads - kips ; Moments - ft. kips *, Stresses - ksi ; 

| Lengths - ft. except r and d which are in.j S - in3 | 

Boxes: IL3I = Line 3 ; IGBI = Graph B •, [T2] = Table 2 , etc. 

P, X or Y following line numbers, denotes line to be used exclusively for 1 
P, Mx or My respectively. 

1 

2P 
3X 

3Y 

4 

5 

6X 

7Y 

8 

9 

[ 9 A " 

| ioA 

MOB 

Fy K S I » Cb 1 

P 

Cmx Mx 

Cmy My 

L " 
Kx »x 

Ky ?y 

*yu 

d,n(min.) = CdL 
d , n - t ry 
CmxMx/jCpn/itFbx/FaJQp^ 

My (SX /Sy) gpp 

CpM(Fbx/Fq)app 
P 

Pix-req 
Member 

A r e q 

Pall 
A, A1 or A sUp. 

:Pall-Fa*(A,A ,orA") 

| L « , L u « 

Span (not for vert, memb.) 

Unbraced Igth. comp. flange 

LTJJ x [L4J(not for vert, memb.) 

[L3X]/rrf2][GAl1 

lL3Yl [T2] 

\TH [GAl 
[L2P] 

IT6X] + fL7Yl-t-[L8l 

Col. Tables - AISC Man l*or |L9A] 

ff3l 
r03P lx [T3 l 

\\m 

fy*36iCb-l 1 

330 1 

0.55*42* 36 

0.65 *21 = / e 

/ * 30.0 - 30.0 

1 * 20.0 = 20.0 

20.0 

14 

36/iC0.44)U42)y5& 

U8)(43) 

(0.44)0.42) 

330 

568 1 
l4Vfll<? 516 1 

34.9° 

Lc*/59i Lu*429 J 
Fbx

s0.66Fy for compact sect, with ! y u < L c a n d Line I3A satisfied. | 

Fbx = 0 .60F y if above not satisfied or for Lc < Jyu < Lu 22 \ 
C'b=Cb . a c t (36/F y ) 

8yu x l2/r4
i n 

Fbx4 
FbX4 = F b x 4 (F Y /36 ) 

lFbx5 = 10QO/Ed/Af)fyu] 

rL4| x | 2 / [ T 3 l 

iGEl 

1000/(1131 xfCTl) 

Compui'Q' 
Hon rey. 
only when 
Fbx is not 
obfained 
on Line 
IOA 

Fig. 2. Computation outline form for Equivalent Column Method MP, including sample computations for Example 2. 
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IOX Fbx - use LIOAlor larger value of [DOB 22 

IOY Fby 

IP 

0.66 Fy (compact); 

0.60 Fy (non-compact) 

24 

fa=P/(A,Aor A") [L2P1/IT3 380/34W* 10.9 

I2X I2KX JxAx in l2 fL4l / fT3l 12*50/G.2<Z> -57.5 

I2Y !2Ky )?y/ry in 12 ED/IED 12*20/3.75 *64 

I3P GBl Use Max. l2KJ/r 

LI2X or LI2Y 
fl.f 

When Fbx|LiOX| = 0.66 Fy, see Line I3A below 

I4X CmxMx/[Fbx/F0] L3Xl/rfLi0Xl/fO3Pll 36/[22//7. />26.0 

C\ PM T3 0.45 / 
I6X (AF)f bx GC]Use l2Kx5x/rx LI2X J.32 
I6Y (AF)fby(Sx/Sy) Fa_ 

C'PM
 Fby 

GC T3 LI3P 
LI5 LIOY 

17 L2P 

Use l2KyHy/ry 

LI2Ylfor(AF)fb 

O.4l)(?.62Kl7.0 „ „ , 
(0.45l)(24) 

380 
CmyMy(AF)fbv(Sx/Sy)Fq 

• *%• I T 

CmxMx (AF)f 

PM rby 
L3Y ILI6Y Hl6)(G.2G) = 113 

bx 
(Fbx/Fa) C'PM 

LI4X 
LI6X 

LI5 

Xl.32) 
H23.0), = e? 

(0.451) 
*P 2 - req 575 

18 fbx fby 
0.6Fy Fbx Fby 

At points braced in plane of 
bending 

am?) u?Y2h 
/09+OT)467.1) s 
?« I F 7? 
O.50+O.I2+O.I6 *Q.76 

I3A fa/Fa LJIP1/P3P 
d/t (actual) T3 
d/t (allowable) GD 

If there is no 
entry in d/t 
col. in T3 
Fb(max) = 0.66Fy 

If d/t (actual) >d/t(all .) , Fbx (max.) = 0.60 F v ; Revise Line IPX. 

Compare P2-req |LI7| with Pan [L9J; If unsatisfactory, select new member. 
* Select preliminary section using effective length Kyfly. Calculate 

equivalent effective length Kx ?x /(•'xAy). Find new Pa|| for 
this equivalent effective length if it exceeds Kyj?y< if n e w pa|| 
is inadequate, select new section and repeat process. 

Fig. 2. (Continued.) 
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For any other value of Fy, say Fy.act, 

(12/, t t/r4)2 

/ v 
^> c-act ^b-actj 

0.6 X Fy.a 

1 
n 2 

cc - } 

Therefore 
a n d C c-act^b-act ~ ^ « 

C\„act = &M36/Fy_acl) 

36 

"[ 

36 y., ^b-act 
* y-act 

WyJny 
2C c-Z§Cb_act\JK)/Fy.act :)J 

Let C'» = C»^,(36/F^e,) 

(12/„A.) ! ' 

0.6 X 

36 

36 

Fb-a 
- ( 

1 

Let F ' 6 = 1 

2C2
C_3QC b 

(12/w/ 'r4)8" 
2C2

r.36C 6 _ 

0.6 X 36 

0.6 X 36 

) * y-ac 

~36~ 

F'& is in exactly the same form as F6.36 above. 
Hence, Graph E can be used to find Ff

b using 
12lyu/u and CV 

Fb-a 36 

When F y 5^ 36 ksi, the procedure is as follows: 

1. Find C\ ** Cb.act(36/Fy.aCt) 
2. Using Cf

b as abscissa, enter Graph E and obtain 
Fbx4 as ordinate. 

3. Calculate Fbx^act - Fbxi X Fy_act/?)6 

Equivalent Beam Method ( P M J — 

Trial Depth—A reasonable trial depth, d, may be ob­
tained by computing a "bal lpark" preliminary equiva­
lent moment, Meq = 0.5P + \0CmyMy + CmxMx. The 
allowable moment beam charts in the Manual (for 
A36) can then be used to rapidly obtain a trial value of 
d. Also by calculating Sx = \2Meq/0.55Fy (assume Fv = 
50 ksi for A440, A441 and A242 steel), the use of the 
Elastic Section Modulus Table (AISG Manual) or 
Table 3 will result in a reasonable trial value of d for 
any steel. I t should be realized, of course, that the trial 
depth may be fixed by functional considerations. Table 
1 provides suggested minimum depths when the member 
is used as a beam. Although any trial depth may be 
arbitrarily assumed, a poor assumption may require 
additional computations. 

Trial Member—Using M\x.req and lym the value of Mx.anior 
a trial member may be obtained from the Manual allow­
able moment charts for lyu < 25 ft, Cb = 1, and A36 
steel. For A36 steel and Cb ^ 1, a trial member may be 

selected from the Manua l allowable moment charts 
using M\x.req and lyu. For any steel, with Cb equal to any 
value, a trial member may be selected from the Elastic 
Section Modulus Table or Table 3, using Sx.req = 
12Mlx.req/0.55Fy. 

The suitability of a trial member with Mau = M\x.req 

can be accurately and rapidly determined by completing 
the necessary computations. If the trial section is found 
to be unsuitable, a good approximation of the required 
properties of a suitable member is indicated and in many 
cases a new satisfactory member can be selected without 
further computations. 

Excessive refinement at the stage of arriving at a 
trial member is not warranted, since Fbx/Fa is a rough 
approximation, CmxMx should be multiplied by (AF) /6x, 
and CmyMy should be multiplied by (AF) / 6 y and Sx/Sy. 
The futility of refinement at this stage can be highlighted 
by the observation that Sx/Sy can vary by 50 percent 
for members of the same depth. • 

Finding Fbx—When Lc < lyu < Lu, Fbx = 0.60Fy. When 
Lc > lyu and the section is compact for bending and the 
section is compact for combined axial force and bending 
(Sect. 1.5.1.4.1), Fbx = 0.66Fy. If any of the aforemen­
tioned three requirements are not satisfied, Fbx.max = 
0.60Fy. When Lu < lvw Fbx = \2Mx.all/Sx. For A36 steel 
with Cb = 1 and lyu < 25 ft, Mx.all can be obtained from 
the allowable moment charts. For all other cases, Fbx can 
be obtained as shown on Line 10B of the computation 
form (Fig. 1), using the larger value of FbxA or Fbx5 with 
a maximum of 0.60/v 

Compactness—Sections not compact for bending for A36, 
A440, A441 and A242 steels are indicated by the 
symbol f, and sections not compact for A440, A441, 
and A242 steels are indicated by the symbol J, on the 
left side of Table 3. 

When Fbx = 0.66Fy, the section must be checked for 
compactness for axial force and bending moment as 
required by Sect. 1.5.1.4.1. If there is no entry in the 
d/t column in Table 3 under the appropriate Fy value, 
the section is compact as required and Fbx — 0.66Fy can 
be used if lyu < Lc and the section is compact for bend­
ing. If there is an entry, and if d/t (actual) < d/t (allow­
able), Fbx.max = 0.66F^, providing the other require­
ments are met. Otherwise, use Fbx.max = 0.60Fy. 

Finding Fby—If the section is compact for bending, 
Fby = 0.66Fy. Otherwise, Fby = 0.60/v The provisions 
of Sect. 1.5.1.4.1 regarding lateral support and com­
bined axial force and bending, do not apply. 

Reduced Section Areas—Use the actual sectional area A 
unless it is necessary to reduce the area because of an 
excessive bf/tf ratio (Sect. 1.9.1) or T/t ratio (Sect. 
1.9.2). Where such reductions are necessary, the reduced 
areas A ' (A36) and A" (A242, A440, and A441) are 
shown in Table 3. 
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Reduced area A ' " 
6000 

1. bt> 

is required for other steels when: 

(Sect. 1.9.1) 
VF/' 

The required reduction in area is 

Ai49.i = tf[2bf - (12000 tf/\/Fy)] 

8000 2. T> 
VF% 

t (Sect 1.9.2) 

The required reduction in area is 

AA9.2 = t[T - ( 8 0 0 0 / V ^ M 

(See discussion below, re Sect. 1.5.1.4.1.) 

Other section properties have not been revised for 
the above area reductions. 

Sect. 1.9.1 reductions affect only the 14BP73 ( ± 5 % ) 
and the 12BP53 ( ± 2 % ) in A440, A441, and A242 steel. 
It was felt that section property revisions were not war­
ranted since these sections are rarely used in structures, 
and when used as piles, loads and support conditions are 
not accurately known. The use of the listed section prop­
erties for these members when used as columns or beam-
columns is unconservative; the section properties should 
be revised when warranted. 

Higher strength steels have not been examined; 
more sections will probably be affected by Sect. 1.9.1. 
It is also probable that section properties will have to be 
revised for the affected sections. 

Sect. 1.9.2 reductions mainly affect r values; the 
effects on other section properties are negligible. It was 
felt that revision of the r values was not warranted be­
cause: (1) the criteria of Sect. 1.9.2 represents a rough 
approximation and (2) the use of the unrevised r value 
is conservative. 

A Sect. 1.5.1.4.1 provision regarding an additional 
requirement for compactness when a member is sub­
jected to combined axial force and bending moment 
provides a more liberal rule under certain conditions 
than Sect. 1.9.2 for the maximum allowable T/t ratios. 
It is logical to use this more liberal rule for non-compact 
members also. 

An examination of the section property pages in the 
AISG Manual , pgs. 1-6 through 1-25, will show that, 
for members having excessive T/t values, 

T = TTZ z~zz ( T = , is used by the author ) 
1.13 ± 0.02 1.13 

Sect. 1.9.2 controls and no reduction in area is 
necessary when T/t < 8 0 0 0 / V ^ or d/t < 9 0 4 0 / V ^ , 
using the author's value for T. 

Sect. 1.5.1.4.1 (d/t < 13,300_[1 - lA$(fa/Fa)]/VFy) 
controls when d/t > 9040/ y/Fy or fa/Fa < 0.224. 

The reduction in area required is then 

A^i_5 = t 
13,300 , 

d 7 ^ (1 - \A2>fJFa)t 
VFy 

For A36, A440, A441, and A242 steels, the reduction 
required can be found as follows: 

1. Find d/t (allowable) from Graph D. 
2. dall = (t)d/t (allowable) 
3. A^li_5 = (dact " daii)t 

The required reductions in area may be reduced or 
eliminated in some cases by reducing the effective Fy' 
value, thus permitting increased allowable d/t and T/t 
values. The new effective Fy value should then be used 
throughout the computations. 

The conservative Sect. 1.9.2 provision (without any 
decrease in the effective Fy) has been used in this pro­
cedure because of its simplicity. 

Guides—When it is possible to use the allowable moment 
charts (Fy = 36, Cb = 1) or the column tables (column 
sections in A36, A242, A440 and A441 steels with Ch = 
1) from the Manual , the first trial section is usually satis­
factory; a maximum of two trial sections will almost 
always result in the most economical section. When 
these Manual design aids cannot be used, there are 
usually lighter sections that should be examined. Some 
guides useful in the selection of likely sections are: 

1. Mz_aU increases with an increase in r4 if Formula 
(4) controls. 

2. Mx.all increases with a decrease in d/Af if Formula 
(5) controls. 

3. The Sx/Sy ratio is very important when there is 
an My acting. The ratio can amplify My as much 
as 12J times. High concurrent P values with ac­
companying high fa values can further increase this 
amplified My value by more than 50 percent. 

4. The C" PM values require examination when the P 
value is relatively high. 

Considering the large number of parameters entering 
into the selection of satisfactory economical sections, a 
detailed comparative analysis of possible sections will 
generally be found more time consuming than the test­
ing of several likely sections. The guides outlined above 
are useful for rapid comparisons of likely trial members. 

The plastic Section Modulus Table and /o r Table 3 
should be examined for possible lighter members with 

^x-req = ^ ̂ ,^2x-reg/ -^bx-max-

Equivalent Column Method (MP)—Much of the 
previous discussion under the heading " Equivalent 
Beam Method ( P M J " is also applicable to the M P 
Method. The following are additional comments on the 
latter method: 

Trial Section—A reasonable trial section may be obtained 
by first computing a "bal lpark" preliminary equivalent 
axial load, Peq = P + \.lCmxMx + SCmyMy and then 
utilizing the column tables in the Manual (for A36, 
A440, A441 and A242 steels). 
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For steels other than A36, A440, A441 and A242, 
with any value of C&, an approximate required section 
area Areq = Peq/0A5Fy may be computed and a suitable 
trial section selected from Table 3. The characteristics 
of this section may then be used to select a better trial 
section or the preliminary trial section can be tested 
without further refinement. 

Allowable Axial Load, Pau—The value of Pau — Fa X 
(A, A\ or A") must be found when the Manual column 
tables cannot be used. 

NOMENCLATURE 

Terms not defined below are given in the AISC Manual 
of Steel Construction, Sixth Edition. 

A' 

A" 

(AF)/6, 

(AF)„, 

^PM 

° PM 

FbxA 

Fbx5 

I 

k 

Lyu 

Mall 

Meq 

Mx 

MX_PM 

Mv 

= Reduced effective cross-sectional area 
for A36 members, sq in. 

= Reduced effective cross-sectional area 
for A242, A440, and A441 members, 
sq in. 

= Reduced effective cross-sectional area 
for steels other than A36, A242, A440, 
and A441 

= Amplification factor in Formula (7a) 
= 1/[1 - (fa/F'„)] 
= Amplification factor in Formula (7a) 
= 1/[1 - (fJF'J] 
= rx

2/6d (average)ft 
= rx

2/6d (exact) ft 
= Bending stress permitted in absence of 

axial force, from Formula (4) 
= Bending stress permitted in absence of 

axial force, from Formula (5) 
= Actual unsupported length of member, 

ft 
= Actual unsupported length of member 

in plane of bending, ft 
= Unsupported length of compression 

flange, ft 
= Allowable bending moment if bending 

moment alone existed, kip-ft 
= Total equivalent external beam mo­

ment, kip-ft 
= External beam moment about X-X 

axis, kip-ft 
= Equivalent external beam moment 

about the X-X axis inducing an ex­
treme fiber stress equal to the average 
stress induced by the direct load, 
kip-ft 

= External beam moment about Y-Y axis, 
kip-ft 

= Axial load inducing an average stress 
equal to the extreme fiber stress in­
duced by the external beam moment, 
kips 

r4 = Radius of gyration of the compression 
flange plus one-sixth the web area 
about an axis in the plane of the web, 
used in Formula (4), in. 

rx (average) = Weighted average radius of gyration 
about X-X axis for members of the 
same nominal depth (by author), in. 

rx (exact) = Actual radius of gyration about X-X 
axis, in. 
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Table 1 a Values of Cd.min for Use in Equation 
drain ( i n « ) = = W-mz'n X Lspan ( f t ) 

Members Cd. 

1. Subject to shock or vibration (in large partition-
less open areas with long spans of light con­
struction) in typical office and residential build­
ings6 

2. Subject to shock and vibration (heavy duty 
handling, industrial building, etc.)c 

3. Floors (not subject to shock and vibration)c 

4. Roofs with slope <3/12c 

5. Flat roofs, simple or continuous^ 

1 

1.67 

54.2 

IIL 
66.7 
Fy_ 

83.3 

F, 

50 
a The values listed, except for Item 5, are recommended by 

AISC as guides for beams and girders without axiaJ load. 
However, they can also be used as guides for beams and 
girders with axial load. 

6 See AISC Engineering Journal, Oct. 1965, pg. 145. 
c For fully stressed members, see AISC Manual, p. 5-125. 
d Mandatory as per AISC Specification, Sect. 1.13. 
Note: For plastered ceilings, see AISC Specification Sect. 1.13. 

Table 2 

d 
(in.) 

36 
33 
30 
27 
24 
21 
18 
16 
14 
12 
10 
8 

CpM 
(approx.) 

0.98 
0.91 
0.82 
0.76 
0.71 
0.60 
0.52 
0.46 
0.44 
0.38 
0.31 
0.24 

(Sx/Sv) 
(approx.) 

10.6 
10.3 
10.3 
9.3 
8.8 
8.8 
7.8 
7.8 
4.3 
5.0 
4.3 
4.6 
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