Rapid Selection of Beam-Columns for

MANY FLOOR BEAMS, particularly those along column
lines, are subjected to axial forces due to wind or earthquake
effects together with bending due to floor loads. The use of
the AISC formulas for this case is somewhat involved and
time-consuming. The bending stress, F},, depends upon
resistance of the compression flange to lateral buckling over
unsupported lengths, whereas the allowable axial stress is
governed by the slenderness ratios K, l,/r, or K,L,/r, =
Kl/r, whichever is greater. The KI/r values also depend
upon locations of restraint points. Further, all allowable
unit stresses are increased by one-third. One of the dif-
ficulties is that both slenderness ratios need to be taken into
account simultaneously.

The charts in this paper presented will expedite eco-
nomical selections, since the curves cover the essential in-
vestigations of AISC Specification Sect. 1.6—Combined
Stresses, when bending occurs only about the x-axis. Any
member stressed to its full moment-carrying capacity will
also have an additional axial load capacity which should
be utilized. This is the additional strength f, which is given
by the charts.

When the permissible stress increase is applied, AISC
Specification Formula (1.6-1a) may be transformed into
the inequality

Loy CoFlocfie

Fa (F/ex - 3,/4/fa)1?[)x
in which F,, F},, and F’,, are without the one-third in-
crease.

In the design process, f;, should approach F}, as nearly
as possible. Therefore these stresses are set equal. Then,

F,ex — 3/‘tfa
[(4/3 - Cm)F/ex/fa] =1

which is the general equation of the plotted curves.

4
<- 1.6-A
3 ( )

F, =z

(1.6-B)
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After a tentative size selection for moment, the slender-
ness ratios are calculated. Then, entering the appropriate
chart with these ratios, their intersection point is spotted.
The point may lie on a curve or between two curves. In the
latter case interpolation by eye is sufficient. The point
satisfies both slenderness ratios simultaneously and any
point above or to the right of any curve is a valid solution
for f,. These are limit curves for which fp, is exactly equal
to F},. Stress F, must of course be determined from AISC
Formula (1.5-6a), (1.5-6b), or (1.5-7). The four charts are
for F, of 36 or 50 ksi and C,, of 0.85 or 1.00.

It was noted that by solving for f, in inequality Eq.
(1.6-A), its value becomes zero when f, /F, is equal to
(% — C,,). In order to avoid this critical value of f,, corre-
sponding critical values for the term (% — C,) become
0.333 and 0.483, respectively, for C,, = 1.00 and 0.85. An
arbitrary boundary curve is established at the left of each
chart for f, /F, = 1.32 — C,,, which yields the values 0.32
for C,, =1 and 0.47 for C,, = 0.85. The boundary curves
are straight for K//r 2 C, and curved below this limit. For
K.l /7, to the left of a boundary curve, the value of K{/r
is constant and f, is governed only by K, . /7,.

Allowable axial stress is controlled by either slenderness
ratio. Therefore the curves extend only to the line at the
right, where these are equal. For points to the right of this
line, KL, /7, is constant and f, depends only on K//7.

REFINEMENTS

The available commercial sizes often do not coincide closely
with the bending requirements, that is, the ratio fy./Fp,
may be appreciably less than 1. Since the charts assume this
ratio to be exactly 1, there is additional axial load capacity
which is not incorporated in the charts. Advantage should
be taken of this additional capacity. The true f, can be
solved for readily as explained below.

By writing Eq. (1.6-A) as an equality, f, may be
solved for as a function of the ratio f;,/F,, and F’,,, the
latter being a function only of K, [,/7..

f = [i_ CmF,ex(fbx/Fbx)

3 F/ex - 3/4fa ] Fa (16-0)
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A suggested simple procedure is to solve Eq. (1.6-C) by Table 1. Examples
a cycling procedure, using the chart value of f, as a first Example No
lower bound. This value may be entered in the denominator
as the only unknown, since all of the other values in this Design Data 1 2 3 4
equation are known numerically. A more accurate value M, (k-ft) 85 118 118 378
of the true f, is then solved for. By repeating this process, P (k) 78 61 56 385
always using thelast f, value determined, only one or two L (ft) 20 30 30 18
cycles are needed to obtain very accurate results. As an Lp (fr) 6.67 19 19 18
alternative, a direct solution may be used by solving for f, 11'; y (ksi) 5(1) 3615 3(13 5(1)
. . - . . +
dlrecPly in Eq. (1.6-C). This is a quadratic whose precise Ktk ) . . .
solution is Com 0.85 1 1 1
Size W12 X 27 | W18 X 60 | W21 X 55 | W14 X 119
— 4
Jo = Hl(F o+ F,) $ (in.9) 34.2 108 110 189
—V(F .. — F)2+ 3F . F,Crofon/Fbx] (1.6-D) 4 (in?) 7.95 17.7 16.2 35.0
Le (f) 5.8 8.0 8.7 13.1
Ly, (ft) 7.2 13.3 9.5 31.4
EXAMPLES
Fpy (ksi) | 30 15.2 14.0 30.0
Four examples are solved in Table 1. Examples 1, 2, and I (ksi) 29.8 18.1 12.9 24.0
3 are floorbeams subject to axial loads due to wind or Tox!Fpx 0.993 0.862 0.921 0.800
earthquake force effects, whereas Example 4 is a column. ByLylrs | 47.3 48.2 42.9 34.5
. . . KL/r 52.6 135.7 131.8 57.6
In Example 1 the chart value for f, is sufficiently exact,
since the ratio f.,/Fy, is 0.993, nearly 1.000. For the other fa (Chart) 9.2 255 i; 1?7
examples the chart values of f, were corrected to higher fa (1.6:C) o ‘ : 0
. . . . P=f,A 73.1 62 57 385
values using the cycling procedure described previously.

A NEW AISC LECTURE SERIES

Practical Steel Design for Buildings/2 to 20 Stories

If you are an engineer who is interested in the design of buildings—residential,

commercial, or industrial—this new series of six lectures will provide you with new tools
for better and easier steel design. The focus is on those construction systems that expe-
rience has proven to be most efficient and economical for buildings 2 to 20 stories high.
The simplified design techniques presented—and an understanding of the reasoning
behind them-—can reduce the time required for good design.

Each registrant will receive a seminar kit of design aids, including a new booklet
containing design information and in-depth design examples from these lectures.
The primary author of this new booklet is Horatio Allison, a nationally recognized expert
on building design and construction. The materials in these seminar kits will serve as
a useful reference throughout the lectures and as a valuable aid in daily practice.

Lectures are now being scheduled in cities throughout the United States. For details
about the program in your area, contact your local AISC regional engineer or write to
AISC Lectures, 1221 Avenue of the Americas, New York, N.Y. 10020.
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