A New Approach for Design of Steel Beam-Columns
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ABSTRACT

Design aids are developed using the AISC-LRFD Specifica-
tions for design of steel beam-columns. These aids give
designers more options in design and often allow selection of
sections that are more efficient for a given set of conditions
than the current design aids do. Several examples are worked
out using the current method of practice as well as the
proposed method developed in this paper.

INTRODUCTION

The design of steel beam-columns consists of a trial-and-error
process in which the designer selects a trial section and checks
the selection for compliance with the appropriate equation in
the AISC Specifications. The trial section is normally selected
from the Column Load Tables in the AISC LRFD Manual of
Steel Construction using F,,,, an “equivalent” axial load cal-
culated based on the applied axial load as well as the equiva-
lent effects of bending moments about the x- and y-axes.

A number of methods have been used in the past for
determining E,,. Generally, these methods use multiplier
coefficients to convert bending moments about the two axes
to equivalent axial loads. These equivalent axial loads will
then be added to the applied axial load to obtain E,,. Burgett
(1973) introduced helpful aids for preliminary design of
beam-columns based on the Allowable Stress Design method.
Later, Uang, Wattar, and Leet (1990) recommended similar
values for design based on the LRFD method. Both of these
methods were utilized in the subsequent AISC Manuals.

While such methods are easy to follow and produce rea-
sonable results, the process of selecting a trial “column”
section based on an equivalent load for a beam-column and
checking it for compliance with the AISC Specifications
introduces limitations in the process. Further, the work in-
volved in checking trial sections may be reduced by develop-
ing design aids for this purpose.

This paper presents development and application of design
aids that, while consistent with the AISC-LRFD Specifica-
tions, provide more ease, speed, and flexibility for the de-
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signer. They also avoid some of the limitations that exist with
the current method of practice. It should be noted that while
the basic concepts utilized in this process apply to any pris-
matic singly or doubly symmetric shape subjected to flexure
and axial compression, the focus of the discussions as well as
design aids developed in this paper apply to W-shapes only.

CURRENT PRACTICE

Over the years, the design of beam-columns has gone through
a number of major changes (Sputo, 1993). However, the
method currently recommended in Part 3 of the AISC LRFD
Manual of Steel Construction (subsequently referred to as the
AISC Manual) (AISC, 1994) to design a beam-column con-
sists of the following steps:

1. With the known value of KL (effective length), select a
first approximate value of m from Table 3-2 in the AISC
Manual. Let 4 equal 2.

2, Solve for F,, using the following equation.

P, =P, + M, m+M mu @)

where
P, = actual factored axial load, kips
M = factored bending moment about the strong axis, kip-ft
M, = factored bending moment about the weak axis, kip-ft
m = factor taken from Table 3-2 of the AISC Manual
u = factor taken from Column Load Tables in the AISC
Manual

3. From the appropriate Column Load Table, select a
tentative section to support P,,,.

4. Based on the section selected in Step 3, select a “sub-
sequent approximate” value of m from Table 3-2 and a
u value from the Column Load Tables.

5. With the values selected in Step 4, solve for F,,.

6. Repeat Steps 3 and 4 until the values of m and u stabilize.

7. Check section obtained in Step 6 per AISC Equation
H1-1a or H1-1b, as applicable.

It is not clearly pointed out in the AISC Manual whether
KL, the effective length, used in step 1 should be with respect
to the x- or y-axis. However, it appears from the referenced
source of the tabulated values that (KL), is to be used for this
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purpose. If flexural buckling about the strong axis controls,
the equivalent effective length, (KL,)’, should be used instead.

In the development of this method, the following assump-
tions were made.

e L,=(KL), This is usually a conservative assumption.

. OM, =M, = 0.9ZF,

This assumption is correct if
the 12

section is compact (most sections are), and L, < L, and
the condition ¢M,, < 1.5¢SF, is satisfied about both axes,
as per AISC Specifications requirements. For almost all
W-sections, however, the condition 0M, < 1.5¢SF, is not
satisfied for bending about the weak axis and the 1.5¢S,F,
limit should be used for ¢M,, instead. Further discussion
of this issue will follow in later sections.

DISCUSSION OF THE AISC-LRFD
SPECIFICATIONS

In this paper, AISC Equations H1-1a and H1-1b are labeled
as Equations 2 and 3, respectively as follows.

P,
(a) For—2=0.2
oP

n

P (8 M Mu )0 o
¢Pn 9 ¢anx ¢any

P

(b) For —<0.2
P,
M

P, + S M., <10 3)
2¢Pn q) b Mnx ¢ b Mny

The bi-linear interaction Equations 2 and 3 were developed
on the basis of inelastic solutions of 82 beam-columns
(Kanchanalai, 1977). They apply to both sway and non-sway
beam-columns and address strength as well as stability of
members. Detailed review of the development of Equations 2
and 3 is provided in the ASCE (1997) reference.

In Equations 2 and 3, ¢F, is the design axial compressive
strength of the member based on the limit states of elastic or
inelastic flexural buckling or local buckling of the web or
flange elements. It is determined as if the member were
subjected to an axial load only. Chapter H of the AISC
Specifications Commentary states that P, the nominal com-
pressive strength of the member, should be determined using
the actual effective length, KL, rather than always using K=1.
The Commentary further states that while inclusion of bene-
ficial second order effects for combined tension and bending
is optional, for combined compression and bending, the sec-
ond order effects must be considered.

Similarly, ¢M,, and ¢M,, in Equations 2 and 3 are the
design flexural strengths of the member about the x- and
y-axes. The nominal strength M,,, is determined based on the
limit states of yielding, lateral-torsional buckling, local flange
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buckling, or local web buckling, as applicable. Therefore,
such factors as compression element width-thickness ratios,
L,, and C, are considered in determining M,,,. For bending
about the y-axis, only the limit states of yielding and local
flange and web buckling are considered.

As stated earlier, M,, and M, in Equations 1-3, represent
the factored bending moments about the strong and weak
axes, respectively. For structures designed on the basis of
elastic analysis, M, may be determined from a second-order
elastic analysis or from Equation 4, which approximates
second-order analysis.

M,=BM,,+BM, 4

The formula given in Equation 4, applies to bending about
both x- and y-axes. Coefficient B, in this equation accounts
for the P-8 moment due to member deflection in both braced
and unbraced frames. Coefficient B,, on the other hand,
accounts for the P-A moment due to the drift of the story for
unbraced frames. Calculation of B, and B, are described in
detail in Chapter C of the AISC LRFD Specifications. It is
noted that for braced frames, B,M, in Equation 4 is zero.
Further, if bending does not exist about one of the x- or y-axes,
the corresponding terms in Equations 1-3 are zero. Figure 1
illustrates the interaction between the axial load and bending

u

moment about the x-axis for all ratios.

n

LIMITATIONS OF THE CURRENT METHOD
OF SELECTING A TRIAL SECTION

As noted earlier, the current practice in design of beam-col-
umns begins with selecting a trial section from the Column
Load Tables in Part 3 of the AISC LRFD Manual of Steel
Construction based on E,,,. This section is then checked for
compliance with AISC Equation H1-1a or H1-1b. It should
be emphasized that the section selected using E,, is only a

trial shape and whether E, , is larger or smaller than ¢F, of the
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B 8 M, _
OR 9 0,M,
P,
029P, ;(‘& )+ AR
2\0R ) M,
0 090.M, M,

M,

Fig. 1. Interaction of axial load and bending moment about the x-axis
Jfor a beam-column,



trial section as a column does not indicate that the trial section
will or will not be adequate as a beam-column. The only way
to confirm the adequacy of the selection is to check AISC
Equation H1-1a or H1-1b, whichever applies. This process,
however, introduces a number of limitations, including the
following.

Potentially Lengthy Process: Checking a beam-column
section for compliance with AISC Equation H1-1a or H1-1b
could become a rather tedious process. To do so, both column
and beam action need to be considered, potentially with
respect to both the x- and y-axes. This requires checking such
factors as the width-thickness ratios of the compression ele-
ments for flexural and axial compression, L,, and (KL), versus
(KL),, to determine ¢M,,,, M, and ¢£,. Subsequently, these
results are combined in the AISC bi-linear interaction Equa-
tion H1l-1a or H1-1b to see if the section meets the AISC
Specification requirements as a beam-column. This task may
become particularly lengthy if the section is not compact, if
L,> L, or if the section is not listed in the Column Load
Tables.

Having to repeat the process of checking trial sections this
way could become a drawn-out endeavor. It is noted that it is
not suggested here that these considerations are not necessary.
Rather, the point is that design aids may be developed so that
some of these steps may be simplified or shortened and to
avoid the designer having to go through these calculations
repeatedly.

Selections Limited to “Columns” Sections: The current
recommended method of selecting a trial beam-column sec-
tion restricts the designer to the sections listed in the Column
Load Tables of the AISC Manual. The W-sections listed in
these tables are limited to those W4 to W14’s that are more
appropriate for use as columns. In fact, not all sections within
each of these nominal depths are included in the tables. This
situation eliminates consideration of other sections, which
may be more effective as beam-columns, unless the designer
chooses to consider them on his/her own. At times, deeper
sections such as W16, W18, and W21 are more efficient and
more economical as beam-columns, particularly when rela-
tively large bending moments are present about the x-axis and
considerations such as architectural and other criteria do not
limit the designer’s selection to a certain nominal depth.

Beam and column sections have different cross sectional
characteristics. Column sections often have fairly stocky flanges
while beam sections have more slender flanges. Beam sec-
tions are generally relatively deep, whereas, column sections
are typically shallower. Further, column sections have r,/r,
ratios in the range of about 1.6 to about 3.0, while this range
for beam sections is usually much higher. Consequently, what
may be considered as a good “beam” section, is not necessar-
ily a good “column” section. Yet, what is more efficient as a
beam-column, depends on the relative magnitude of the axial
load and bending moment(s) present. Therefore, selecting a
“column” section as a beam-column may not be a good idea.

Table 1.
Examples lllustrating Different Contributions
to the Same P,

Case 1 Case 2 Case 3 Case 4
R 50 950 200 600
Muxm 950 50 500 200
Muy mu 0 0 300 200
Fisg 1,000 1,000 1,000 1,000

It is noted that in cases where the applied axial load is
relatively dominant, sections listed in the Column Load Tables
are fairly effective as beam-columns. However, in other situ-
ations, those sections are not as effective as deeper sections.

Method May Lead to Inefficient Sections: Another limi-
tation of the current method of selecting a trial section is that,
in the process of selecting a trial section, one loses sight of
the relative contributions of the three potential components
that make up £, in Equation 1. In other words, numerous
combinations of axial load and bending moments about both
the x- and y-axes can produce the same F,,, and therefore lead
to the selection of the same trial section from the Column
Tables. This point is illustrated in the four numerical cases
cited in Table 1.

In the examples included in Table 1, although B, =1,000
kips for all four cases, clearly the same section can not be the
most effective in all those situations. For instance, in Case 1,
the member has a significantly large bending moment applied
about its strong axis, with a relatively small axial load and no
bending about the minor axis. This member acts more like a
beam. In Case 2, on the other hand, the member is subjected
to a large axial load and a relatively small bending moment
about its x-axis and no bending about the y-axis. This member
acts much like a column. Cases 3 and 4 illustrate members
with other relative magnitudes of axial load and bending
moments. Yet, in all four cases, E., = 1,000 kips and the
designer will be directed to the same section in the Column
Load Tables to choose a trial section for the beam-column. It
is surely desirable to be able to utilize the efficiency of
different sections and nominal depths to select a more appro-
priate section for each case.

DEVELOPMENT OF THE PROPOSED DESIGN AIDS

The only criterion for adequacy of a section as a beam-column
is compliance with AISC Equations H1-1a or H1-1b (Equa-
tion 2 or 3 in this paper). Therefore, it seems appropriate to
base the process of selection of trial sections directly on the
AISC Specifications as well. Further, as the reader is aware,
the AISC LRFD Manual contains numerous design aids in the
form of tables and charts for the design of beams and columns.
Often the designer can select a section from these resources
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and be certain that the selection is adequate and indeed the
lightest section possible. There are no such aids for design of
beam-columns. Following is a discussion on the development
of one such set of design aids. These aids avoid the limitations
of the current practice as stated earlier.

The proposed design aids are developed assuming that
Equation 2 applies. Later, a discussion will address the pro-
cedural differences that apply if Equation 3 is applicable.

We begin by separating F,, M, and M, terms in Equation
2 as follows.

1 8 8
— Pt | —— M +|—— M, <10 5
[q)Pn] ¥ [9(¢ b Mnx)J i [9(¢ b Mny)) ( )

Then, name the three coefficients in Equation 5 as follows.

1
b= 6
>, ©
8
m=_——— M
9(¢ b Mnr)
8
n=T——"" (3)
9(¢ b Mny)
Therefore, Equation 5 may now be written as follows.
bP,+mM, +nM,<1.0 C)]

So far, no assumptions or exceptions to the AISC Specifica-
tions have been made. In fact, Equation 9, along with its
coefficients, as defined in Equations 6 through 8, is exactly
the same as Equation H1-1a of the AISC Specifications.
Therefore, if one selects a section that satisfies Equation 9,
the selection does indeed satisfy the AISC Specifications,
provided that;

P,
=pP,20.2 (10)
P,

As indicated in Equations 6 through 8, coefficients b, m,
and n, are dependent on the member material and cross
sectional properties and dimensions, as well as other factors
such as KL, L,, and C,. Thus values of b, m, and n may be
tabulated for different sections and for more common condi-
tions. The designer may then obtain values of b, m, and n from
such tables in order to check member compliance with Equa-
tion 2. In addition, design aids may be developed to assist the
designer with looking up reasonable initial values for these
coefficients for the purpose of selecting a trial section.

Table 2 includes values of b, m, and n, for a large number
of sections for arange of KL’s and L,’s for A36 and A572 Gr.
50 steels. In developing these tables, such considerations as
compactness, L, versus L, and L, etc. have been taken into
account. Therefore, the designer may proceed with using the
values listed without having to check those conditions. The
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steps involved in using these aids will be presented later.
Tables 3 through 5 are design aids, which may be used to
obtain initial values for b, m, and n, to select a trial section.

In Table 2, the length L, listed at the top of the table refers
to values of (KL), for use with b. For the purposes of looking
up m, L, represents L,. Due to the relatively small intervals
between KL and L, values listed in Table 2, one may interpo-
late between these values.

The reader is reminded that regardless of the method of
selecting a trial section, the designer still needs to determine
such factors as the moment magnification factors, critical
buckling direction, and C,. The proposed method and design
aids will only address the selection of a trial section and
checking the selection for compliance with the AISC specifi-
cations once the above variables have been determined.

Note: Values of b, m, and » listed in Tables 2 through 5 are
1,000 times their actual values, to avoid large numbers of
decimal places. Therefore, all values of b, m, and # listed in
those tables must be multiplied by 10 before use. Section
properties were obtained from the AISC database of shapes.

ASSUMPTIONS MADE IN THE DEVELOPMENT
OF THE NEW DESIGN AIDS

In developing the proposed design aids discussed above and
presented in Tables 2 through 5, the following conditions and
assumptions were considered.

Column Action: The only coefficient in Equation 9, which
depends on column action, is b. Values of b listed in Table 2
are calculated for effective lengths of eight through twenty
feet at one-foot increments. For all sections listed, width
thickness ratios of the web and flange elements were checked.
Only b-values for sections with flange and web width-thick-
ness ratios meeting requirements of Chapter E of the AISC

Specifications, that is (%j< A,, are listed in Table 2. Blank
cells for b in Table 2 indicate sections with [%} > A,

Values of b listed in Table 2 are based on (KL),, the effective
length with respect to the least radius of gyration, just as they
are in the Column Load Tables of the AISC Manual. In cases
where (KL), is critical, the designer may use its equivalent,
(KL)y, instead to look up b. The value of (KL), is found as
follows.

_ (KD, _ (KD,(r,)

) 7 (11)

(KL),

Beam Action - Bending About the x-axis: The coefficient
m in Equation 9, as defined in Equation 7, is a function of the
member design flexural strength about the x-axis. The appli-
cable limit states are yielding, lateral-torsional buckling, local
flange buckling, and local web buckling. In the development
of the m values listed in Table 2, it was assumed that C, is



unity. The case when this is not true will be discussed later in
an example.
Following is the procedure used in determining values of
m. Recall that
8

"= 90, M,)

In turn, values of $M, are determined as follows.

(Eq. 7 — repeated)

Compact Sections;
IfL,<L,

oM, = OM,, = OZ,F, < 1.50M, = 1.50S.F, (12)
If L<L,<L,

L~L
¢Mn.x = ¢Mpx - (¢Mpx - ¢er)[zb—ze] (13)
rp
Non-Compact Sections;
L,<L),
A—2
q)Mnx, = q)Mpx - (¢Mpx - q)er) —F (14)
A,
IfL'<L,<L,
LL
q)Mn.x = ¢Mpx - (¢Mpx - ¢er) L-L (15)
e

Values of m for all compact and non-compact sections with
L, <L, are listed in Table 2. Cases where L, > L, are left blank
due to the member’s low structural effectiveness. As noted
earlier, L, values listed in Table 2 represent L, for the purpose
of looking up m.

Formulas for calculation of variables such as L, and L, used
in Equations 13 through 17 are presented in Chapter F of the
AISC Specifications as well as in Part 4 of the AISC Manual
and are therefore not repeated here. Only the formulas for ¢M,
were given here to emphasize use of the appropriate plastic
section modulus for determining the plastic moment for bend-
ing about the x- or y-axis.

Beam Action - Bending About the y-axis: As indicated in
Equation 8, the coefficient n is a function of the member
design flexural strength about its weak axis. Three limit states
apply to W-sections bent about their minor axis — yielding,
local web buckling, and local flange buckling. The design
flexural strength used in calculation of values of n listed in
Table 2 is determined as follows. The web width-thickness
ratio of all W-sections are below the corresponding A,,.

Recall that

8
n=———"_
g(q) b Mny)

where 0M,,, is determined as follows.

(Eq. 8 — repeated)

Compact Sections:

OM,, = OM,, = 0ZF, < 1.50M,= 1.50S,F,  (16)

Non-Compact Sections:

A —
oM, = 0M,, - (¢M,,y—¢M,y)(x—_};] a7
r— p

Chapter F of the AISC Specifications offers an upper limit
for M, of 1.5M=1.5SF,, as indicated in Equations 12 and 16.
This condition is imposed to limit potential significant inelas-
tic deformation at service load of sections with shape factors
(M,/M ) larger than 1.5 and permitted to reach M, at factored
load. This condition is satisfied for all W-sections listed in
Table 2 and bent about their x-axis. However, for all sections
listed, M,,, > 1.58,F, for both 36 and 50 ksi steel. Therefore,
the limiting value of 1.5M, is used instead of M, in calculating
the n-values. Some authors, such as Charles Salmon and John
Johnson, believe as stated in their textbook Steel Structures
Design and Behavior, that this limiting value is intended for
unsymmetrical sections such as T-sections and should not be
applied to W, M, or S-sections.

Finally, in determining the values of n,,, listed in Table 5,
often a few of the values which appeared to skew the average
within each nominal depth were dropped to obtain more
realistic averages for the majority of sections. Such values
typically belong to a few of the lightest sections within each
nominal depth.

BEAM-COLUMNS WITH RELATIVELY SMALL
AXIAL LOAD

In cases when a beam-column is subjected to relatively small

u

axial loads, we may have < 0.2, in which case Equation

3 applies rather than Equation 2. Equation 3 accounts for the
low axial load ratio and allows for larger applied moments
about both the x- and y-axes. Figure 1, presented earlier,
illustrates the interaction between the axial load and bending
moment about the x-axis for a given beam-column for normal
and low axial loads.

Equation 3 may be written in terms of coefficients b, m, and
n as follows.

0.5bP, + (9/8)(mM,, + nM,) < 1.0 (18)

The condition for Equation 3 (or its equivalent, Equation
18) to be applicable instead of Equation 2 (or its equivalent,
Equation 9) may be stated as follows.

P
= bP, <020 (19)

n

P
Therefore, i ¢T!‘ =bP, 2 0.2, Equation 9 should be used

n
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P
to check the beam-column. Similarly, if —-= 5P, < 0.20,
Equation 18 should be used. P,

RECOMMENDED PROCEDURE FOR USE
OF THE PROPOSED DESIGN AIDS

The following procedure applies to beam-columns with

P, =bhP,>0.2. For P, =bP, < 0.20, replace Equation 9
P, oP,
with Equation 18 in the following procedure.

1. If bending about the x-axis appears to be more dominant
than the axial load, select an initial value for b,,, from
Table 3 for the desired nominal depth. Otherwise, select
an initial value for m,,, from Table 4. If bending about
the y-axis is present, also select a value for n,,, from
Table 5.

2. Use Equation 9 and b or m (and # if applicable) found in
Step 1 to solve for m or b.

3. From Table 2, select a section with the approximate
values of b, m, and n found in Step 2.

4. Use b, m, and n for the section selected in Step 3 to check
Equation 9.

5. Repeat Steps 3 and 4 for different sections until b, m, and
n stabilize and the value of the interaction Equation 9 is
equal to or close to unity.

avg

Note 1: A feature of Table 2 is that the values of b, m, and
n will converge quickly in Steps 2 and 3, even if the designer
starts with poor estimates for the coefficients.

Note 2: Recall that the values listed for b, m, and nin Tables
2 through 5 are 1,000 times their actual values and should be
multiplied by 10 before use.

EXAMPLES

The following examples are variations of problems in the
well-respected textbook Steel Structures, Design and Behav-
ior, 4" Edition, by Salmon and Johnson (1996) as well as the
AISC LRFD Manual (1994). They are re-worked using the
current method as well as the method and design aids pro-
posed in this paper. Only the problem information is repeated
here, not the exact solutions in the references. Specifically,
parts of the solutions that are not affected by the method of
design, such as calculation of B, or C,, are either skipped,
approximated, or values are used from the appropriate refer-
ence book. All pertinent parts are shown for both methods
for comparison of the methods. The AISC Specifications
requirement for limiting the width-thickness ratio of webs in
combined flexural and axial compression is left out in all
examples.

Example 1 — Beam-Column with bending about x-axis
only (variation of example 12.13.3 of the Salmon and Johnson
textbook):
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Given: B, =179 kips, M,, = 47.6 ft-kips, braced frame, (KL),
=16 ft, (KL),= L, = 8 ft. Let C, = 1.0.
Find: Lightest W-section of A36 steel for this beam-column.

Solution using the current method of practice:
Assume (KL), is critical, from Table 3-2 of the AISC Manual,
m = 2.1 (by extrapolation)

B, =179 +47.6(2.1) = 279 kips

From the Column Load Tables consider a W10x39 (¢F, =
311 kips). A W12x40 and a W14x43 may also be considered
if a W10x39 is no good. W12x35 and W14x38 are also
possibilities, though these shapes are not listed in the Column
L.oad Tables.

ForW10x39; Use m=2.2, F,, =179 + 47.6(2.2) = 284 kips,
value of m stabilized.

KL
i—)x = 16 =20< L 2.16 — y-dir. critical, as assumed
(KL), 8 r,
— 0P,=311 kips (From AISC Column Load Tables)
P
Lo 170 0.58 > 0.2 — use AISC Equation H1-1a
oP, 311
b 65
“£=75<—===108 50K
2t V36 .
L 640 07 oK —> compact section
—=250<==107 >
t, V36

L, =8.0ft< L,=8.3 ft (from Column Load Tables)

0.9ZF, _0.9(46.8)(36)

OM, = oM, =—1 12

= 126ft-kips

C,,= 1.0 and B, = 1.12 (calculations not shown), braced
frame, B, not needed.

M, =BM,, =(1.12)(47.6) = 53.3 ft-kips
AISC Equation H1-1a yields;

P, 8( M, _ M, \ 179 8(533
ol T+ =t o T
oP, 90, M, o,M, | 311 9126

=0.58 +0.38=0.96< 1.0
— Section is adequate.

Try W12x35. The referenced textbook states that a check of
W12x35 shows that it is not adequate, but does not show the
work involved. However, this section is checked here to
illustrate the difference in length of complete solutions using
the two methods under consideration.

Note that a W12x35 is not listed in the AISC Column Load
Tables. Therefore, ¢F, can not be looked up.

Calculate ¢F, for a W12x35.



KL
&L _16 _ 5 0< 22323 _ 341, y-dir. critical.
(KL, 8 r, 154

- (8)(12)\[T_
A= (154 ¥ 29,000 - 0.70 < 1.5 — use AISC

Equation E2-2.

P, = (0.85) [0.658“"70)2] (36) (10.3) = 257 kips

P
e 17970502 - use AISC Equation H1-1a
P, 257
b, 65
L =63<—=10.8 - 0K
2 V36 i
! 640 0 o —> compact section
—=362<—== -
t, V36
L- @?/(31_6'& — 77in. = 6.4ft > L, = 8ft — find L,

[, = DA 36 004340)(36 - 107
(36 - 10)
=248 in. = 20.6 ft
L,<L,<L,~ find oM, and oM,

0.9ZF, _0.9(51.2)(36)

oM, = D D =138 ft-kips
9S(F.—10)  0.9(45.6)(36
oag, = VISAE=10)_09USOB6-10) e oy
12 12
8.0 6.4
M. = 138 — (138 — 88.9) ———>% | 132 fr-ki
oM, ( 9){20.6 Z 6.4] ps

C,,=1.0 and B, = 1.10 (calculations not shown), braced frame,
B, not needed.

M, = BM, = (1.10%47.6) = 52.4 ft-kips
Equation 3 (AISC H1-1a) yields;

P, 8 M, . M, )_179 8(524

bt =T T

¢Pn 9 ¢ th.x ¢b Mny 2’57 9 132
=070+0.35=1.05>1.0

— Section is not adequate.

Use W10x39 A36 steel.

Solution using the method and design aids proposed here:
Consider W10’s. Since the axial load is relatively large look
up Mg,
From Table 4 obtain m,,, = 10.61 x 10
Equation 9 yields; b(179) + (10.61 X 10°)(47.6) = 1.0
- b, =2.77%x10°

req

From Table 2, try W10x39. Note that W10x45 has b and m
values that are equal or smaller than those initially used and
will work.

C,, = 1.0 and B, = 1.12 (calculations not shown), braced
frame, B, not needed.
M, = BM, = (1.12)(47.6) = 53.3 ft-kips

, 16
(KL), =5—7

=316" 7.41 <(KL),=8.0

— use L, = (KL), = 8.0 ft to look up b from Table 2.

bP, = (3.22 x 10?)(179) = 0.58 > 0.20 — use Equation 9
0.58 +(7.03 x 10%)(53.3) =0.58 + 0.37=0.95< 1.0
— section is adequate

Try W12x35.

C,, = 1.0 and B, = 1.10 (calculations not shown), braced
frame, B, not needed.

M, = BM, = (1.10)(47.6) = 52.4 ft-kips

_ (16)(1.54)

(KL), = 5.5 =4.7<(KL),=8.0

—use L, = (KL), = 8.0 ft to look up b from Table 2.

bP, = (3.89 x 107)(179) = 0.70 > 0.20 — use Equation 9

0.70 + (6.70 x 10%)(52.4)=0.70 + 0.35=1.05> 1.0

— section is not adequate.

Use W10x39 A36 steel.

Note that the amount of work to check W12x35 using the
proposed method is significantly less than that of the current
method of practice.

Example 2 — Beam-Column with bending about both axes
(variation of Example 3-4 of the AISC Manual):

Given: E, = 400 kips, M, = 250 ft-kips, M,,, = 80 ft-kips,
braced frame, (KL), = (KL),= L, = 141t, C,,=0.85. Let C, =
1.0.

Find: Select the lightest W14 section of F, = 50 ksi steel
for this beam-column.

Solution using the current method of practice:
For KL = 14 ft, from Table 3-2 of the AISC Manual obtain m
=14.Letu=2.

B, =400 + 250(1.4) + 80(1.4)(2) = 974 kips

From the Column Load Tables consider W14x90, $F, = 969
kips

Calculate B, using m = 1.4 and (from Column Load
Tables): u = 1.94

R, =400 + 250(1.4) + 80(1.4)(1.94) = 967 kips, m and u
have stabilized.

Check W14x90 for compliance with the AISC Specifica-
tions.
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(KL), = (KL), = 14 ft — y-dir. critical
From Column Load Tables; $E, = 969 kips

P, =10,123kips
P,= 3,684 kips
B,=1.0
B,=1.0

from Example3-4 ofthe AISC Manual

M, =1.0x250 =250 ft-kips
M,,=1.0x 80 = 80 ft-kips

65 b
A =7==92<-L=102
750 2y
<A, = 4 223 — noncompact section
N50-10
h 640
—=259<—=905->0K
L, V50

Note: Although properties of this noncompact section are
listed in the Z,-Tables of the AISC Manual, those properties
are calculated here again to illustrate the difference between
the two methods as applied to a noncompact section. Recall
that not all sections are included in the Column Load Tables.

_09ZF, 0.9(157)(50) _

oM, =5 > 589 ft-Kips
9(143)(50 — 1
oM, =2 o 31(250 D~ 429 fixips

, _ B A=A,
¢Mn.x = q)Mnx - q)Mpx (¢Mpx ¢er) 7\:, _ xp]

10.2—9.2]

=589 — (589 — 429 =577 fi-ki
(589 )[22.3 ~92 bs

_ (300)(3.70)

L =157 in. = 13.1 ft
V50

14

= BI04y T (6.001750)(50 — 10)?
(50 — 10)
=461 in. = 38.4 ft

589 — 577

L/ =13.1+(384-13.1) =15.0ft
589 — 429

L,=140ft <L/ =150 ft— 0M,= oM, = 577 ft-kips

In Example 3-4 of the AISC Manual, it is stated that oM, =
oM, = 284 which is incorrect for this noncompact section.
Calculation of oM, follows.

_09ZF, 09(75.6)(50)

oM, = T D = 284 ft-kips
OM,, = 0S,(F, — 10) = 0.9(49.9)(50 - 10) = 1,796 in.-kips
= 150 ft-kips
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, A-2A
¢Mny = q)Mny = q)Mpy - (¢Mpy - q)Mry) £
A=A,
=284 — (284 - 150) 102-9.2 = 274 ft-kips
223-9.2
P
« 400 0.41 > 0.2 — use AISC Equation H1-1a
oP, 969
P, 8 M, M, \ 400 8(250 80
— 4 + =t
oP, 9 0,M, O,M,]| 969 9577 274

=041+039+026=1.06>1.0—=>N.G.

At this point the AISC Manual simply says to use W14x99.
However, this section is checked here for compliance with the
AISC Specifications.

Try W14x99.

(KL),=(KL),= 14 ft = y-dir. critical
From Column Load Tables; ¢£,=1,060 kips

P,,= 11,260 kips
P,, = 4,055 kips
B,=10
B,=10

calculations not shown

M, =1.0x250 =250 ft-kips
M,, = 1.0 x 80 = 80 ft-kips

65 b
Ay===92<51=93
7 N50 21
<A= 5—(1)4:15 =223 — noncompactsection
h 640
—=235<-==90.5 - 0OK
t, VF,
0.9ZF, 0.9(173)(50) .
_ wy = -
oM, = o = B = 649 ft-kips
. -1
oM = 0.9(157)(50 - 10) _ 471 ft-Kips

12

A=A
OM,. = M,/ = OM,, ~ (pM, — OM)) ! ]
(4 P

93-92
— 649 — (649 — 471)| =222 | 648 fioki
649-(649 )[22.3 - 9.2} ps
(300)(3.71) o
L= = 157in = 13.1f

1, = SINCL0 6001220030 - 107
(50 - 10)
~ 488 in. = 40.6 ft



— 64
L/ =13.1+(40.6~13.1) OB 1335
649 — 471

L/ =133 ft<L,=140ft <L, =406 ft

14.0-13.3
M, = 648 — (648 — 471)] ————=
oM ( )[40.6—13.3

]= 644 ft-kips

0.9ZF, 0.9(83.6)(50)
OM,, = 12Y€X= 2

= 314 ft-kips

1,987 in.-kips
= 166 ft-kips

OM,, = 0S,(F, - 10) = 0.9(55.2)(50 — 10)

¢Mny = ¢Mny’ = ¢Mpy - (¢Mpy - q)Mw)(HLJ

93-9.2

=314 (314 - 166 = 313 feki
( )(22.3 —9.2] P

P
o 400 _ 0.38 > 0.2 — use AISC Equation H1-1a
oP, 1,060

P, 8 My M, |_ 400 8250 80
oP, 9 o,M, ¢,M,| 1,060 9648 " 313

=0.384+034+0.23=095<1.0-0K

Select W14x99 A572 Grade 50 steel.

Note: It is obvious that, though W14x99 is a noncompact
section, its width-thickness ratios are very close to the limit-
ing factors. Therefore, design flexural strengths about the x-
and y-axes will be very close to the corresponding ¢M,’s.
However, these values were calculated here to illustrate the
work ordinarily involved in checking a noncompact section.

Solution using the method and design aids preposed here:

Consider W14’s. From Table 4, use m,,, = 1.37, and from
Table 5letn=3.5.

Use Equation 9 to find b; h(400) + (1.37 x 10°*)(250) +
(3.5x10%(80)=1.0 = b =0.94 x 10?

From Table 2 find a W14 section with b, m, and n values
roughly less than or equal to the above numbers.

Consider W14x99, b = 0.94 x 10, m = 1.38x10°, n = 2.87
x 107

(KL), = (KL),= 14 ft — y-dir. critical

From Column Load Tables; ¢E, = 1,060 kips
P, = 11,260 kips
P, =4,055 kips
B,=10
B,=10

calculations not shown

M, =1.0 X250 =250 ft-kips

M, =1.0x 80 = 80 ft-kips

bP. = (0.94 x 10°%)(400) = 0.38 > 0.2— use Equation 9

(0.94 x 10°%)(400) + (1.38 x 10)(250) + (2.87 x 10?)(80)
=038 +0.35+0.23 =0.95 < 1.0 — Section OK.

Consider W14x90,b=1.03x10", m=1.54 10, n=3.28x10"
(KL), = (KL),= 14 ft — y-dir. critical
From Column Load Tables; P, = 969 kips

P,.=10,123 kips
P, =3,684 kips
B,,=10
B,=1.0

from Example3—4 of the AISC Manual

M, = 1.0 x 250 = 250 fi-kips

M,,=1.0 x 80 = 80 ft-kips

bP = (1.03 x 107)(400) = 0.41 > 0.2 — use Equation 9

(1.03 x 10°)(400) + (1.54 x 10”)(250) + (3.28 x 10)(80)
=0.41+4+0.39+0.26=1.06>1.0 - N.G.

Use W14x99 A572 Grade 50 steel.

Example 3—Beam-Column with relatively small axial load
(variation of example 12.13.1 of the Salmon and Johnson
textbook):

Given: B, = 159 kips, M,, = 560 ft-kips, constant moment,
braced frame, (KL), = (KL),= L, =14 ft.

Find: Determine if a W14x132 section of A36 steel is
adequate.

Solution using the current method of practice:
B; = 1.01 (see example 12.13.1 in Salmon and Johnson
textbook), braced frame, B, not needed.

— M,,=BM,,= (1.01)(560) = 566 ft-kips

(KL),= (KL), = 14 ft, — ¢P, = 1,070 kips (from Column

Load Tables)

P 159 0.149 < 0.2 — use AISC Equation H1-1b
0P, 1070 ' d

ﬁ=7.1 <——65 =10.8 - OK

2t \36 .

h 640 107 5 OK — compact section

—=177<——=—= -

Z, V36

L,=14ft < L,=15.7 ft (from Column Load Tables) — C,
need not be considered and

0.9ZF, 0.9(234)(36) _
12 - 12 -

oM, =M, = 632 ft-kips
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Equation 3 (AISC H1-1b) yields;
P, [ M, M, ] 159 566
+ e —_—

+ = +
20P, |0, M, O, M, | 20971) 632

=0.08+0.90+0.98<1.0—> Section is adequate.

Solution using the method and design aids proposed here:
B, = 1.01 (see example 12.13.1 in Salmon and Johnson
textbook), braced frame, B, not needed.

— M, =BM, = (1.01)(560) = 566 ft-kips

From Table 2, b = 0.94 x 10°, m = 1.41 x 1073,

bP,=(0.94 X 10*)(159) = 0.15 < 0.2 — use Equation 18;

L,=14.0ft<L,=15.7 ft (from Table 2) — C, need not be
considered

0.5bP, + (9/8)(mM,, + nM,) = 0.5(0.15)

+(9/8)(1.41 x 107)(566) = 0.08 + 0.90 = 0.98 < 1.0
W14x132 is adequate.

Note 1: From Table 2, W18x119 and W21x101 also work,
but are deeper than W14x132. These sections are more effec-
tive in bending due to smaller m-values.

Note 2: As expected, the values of the components of the
interaction equations in all examples illustrated here (e.g. 0.08
and 0.90 in example 3) are equal for a given section under
consideration, regardless of the method of design. Any differ-
ences between these values are minor and due to rounding of
numbers.

USING THE PROPOSED DESIGN AIDS
FOR BETTER DESIGN

According to the AISC Specifications, the three components
that make up Equations 9 and 18 should add up to one or less
for the member to be acceptable. For a set of given conditions,
and assuming no changes in B, M,,, and M, smaller values
of b, m, and n result in smaller components and lower total
for the left hand side of the interaction equation and conse-
quently a more efficient section. Therefore, when selecting
sections, it is desirable to choose those with smaller values of
b, m, and n.

Table 2 also allows designers to select sections that are
more efficient for a given set of conditions. For example, if a
beam-column is subjected to relatively large axial load, the
designer may select a section with a smaller b value, though
m and n may be slightly larger than those of another section.
Due to the dominating role of the first term in Equation 9, in
such a case, this combination may still lead to a smaller total.
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A similar idea can be extended to members with a large
bending moment about their x- and/or y-axes.

OTHER BENEFITS OF THE
PROPOSED DESIGN AIDS

Table 2 offers additional benefits to the designer than the
applications discussed thus far. In particular, one may deter-
mine the design axial strength as well as the design flexural
strength (about both axes) of a section under a set of condi-
tions using the coefficients listed in this table.

As presented earlier, Equations 6 through 8 show the
relationship between the coefficients b, m, and »n and the
design axial strength, design bending strength about the x-
axis, and the design bending strength about the y-axis, respec-
tively. Therefore, in order to determine the design strength of
a particular section under certain conditions, one may look up
the appropriate coefficient from Table 2 and find the desired
property through a short and simple calculation.

It should be noted that, although the design strengths of
many sections are listed in numerous design aids available in
the AISC Manual, Table 2 covers many more sections than
any of those aids alone. Further, most design aids currently
available in the AISC Manual, understandably, provide either
the design axial strength or the design bending strength about
the x-axis only. Table 2 allows easy calculation of £, ¢M,,,,
and ¢M,,, for many sections and for a range of conditions such
as a variety of KL’s and L,’s.

The author wishes to emphasize that he does not claim that
Table 2 is a comprehensive design aid for calculation of the
design strengths under all conditions. Nor does he claim that
Table 2 should be used in lieu of the existing aids for design
of beams and columns in the AISC Manual. It is simply
suggested that Table 2 offers certain additional information,
which may benefit the designer in certain cases. Several
examples of such applications of Table 2 follow. It is noted
that in none of these examples is it necessary to check width-
thickness ratio, L,L,etc.

Another benefit of the new design aids is that one can select
more efficient sections for a given set of axial load and bending
moments. For example, a section with a b-value half of that of
another section is twice as effective in carrying axial loads and
is more effective for cases with larger axial loads. This type of
information allows designers to select more efficient sections for
the particular axial load and moments given.

Example 4:
Given: W24x117, (KL), = (KL), = 14 ft, and A36 steel,
determine $P,

Solution: (KL),= (KL), — From Table 2, b= 1.13 X 10?
1 1
SOP = =—-— = 885Ki
= =113 x 100 - 589 Kips



Example 5:
Given: W16x67, (KL), = 25 ft, (KL), = 5 ft, and A36 steel,
determine ¢F..

Solution:
KL 2.
(KL),/= (RD)dry) = (25)(246) =8.8 > (KL), —> use(KL), .
) r, 6.96 4 Y

From Table 2, b= 1.83 x 10° for (KL),’ = 8.8 (by interpolation)

- 0P 1 1 546 kips

"“b T 183x10° P

Example 6:

Given: W12x65, L, = 16 ft, C, = 1.0, Grade 50 steel,
determine ¢M,, and OM,,,.

Solution: for L, = 16 ft, m = 2.63 x 10?
- oM, = 8 8 = 3.38 ft-kips

9m ~ 9(2.63 % 107)
Similarly, From Table 2, n = 5.57x107

— OM,, = = =——————— = 160 ft-kips

Note that W12x65 is noncompact in Grade 50 steel and that
L,=16ft > L/ =118 ft. However, it is not necessary to
check any of that information when using Table 2.

Example 7:
Given: W24x131, L, =16 ft, C,= 1.3, A36 steel, determine
OM,..

Solution: L,= 16 ft > L,=12.4 ft (from Table 2) — consider
G

From Table 2, m = 0.93 x 10?

8 8 .
M, = —=——"————=956 ft-kips for C;= 1.0

= =g, = 5093 x 107) paiorts

For C,= 1.3, 0M,,, = (1.3)(956) = 1,243 ft-kips < ¢M,=999
ft-kips (from Table 2), — 0M,, = M, = 999 ft-kips.
Example 8:

Given: M, = 500 ft-kips, L, = 12 ft, C, = 1.0, A36 steel,
select the lightest W24 section.

Solution: Let M, = ¢M,, = 9% or

== =1.8x 107"
mrEq 9Mu 9(500)

From Table 2, look under L, = 12 ft, for a section with m =
1.8 x 10 or smaller. Use W24x84.

SUMMARY OF ADVANTAGES OF THE
NEW DESIGN AIDS

The new design aids developed and presented in this paper
offer the following advantages:

1. Save time in design — compactness, L, versus L, and L,
already accounted for,

2. KL and L, need not be equal, tables cover arange of KL’s
and L,’s,

3. Can select more efficient sections with appropriate b, m,
and n coefficients depending on the relative magnitude
of the applied axial load and bending moments,

4. Can choose from a wide range of sections — selection
not limited to “column” sections,

5. Designer can easily judge efficiency of a section by
observing its values of b, m, and » coefficients,

6. Tables provide additional helpful information such as
P, OM,,, OM,, ¢M,, and L, for a large number of
sections,

DISCLAIMER

The findings and opinions presented in this paper are those of
the author. The designer is expected to use histher own
knowledge and engineering judgement in accepting or reject-
ing any or all contents of this paper, as (s)he is solely respon-
sible for the final design. While the author has presented here
what he believes to be true and accurate, he can not accept
any responsibility for any errors in what is presented in this
paper, nor for any undesirable consequences of its use.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)

F =36 ksi

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element section or L, > L ,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)

W40X480

SRR

(oot | Joee ] foes] |oss] | oe | | oes] [ 069 |

3
&

B

L, =(KL), or (KL)' for"b" and L, for"m". Blank cells indicate slender element sectionor L, > L.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)

Shape
W33X201

055 | ow | os | o | om |

;
| waaxise] 128 | 1509 | 268 | oe1 | oso | oex | oso | oes | oso | oes | ose | oes | oso | oes | oso

L, =(KL), or (KL)', for"b", and L, for "m". Blank cells indicate slender element section or L, > L ,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)
F,= 36 ksi

Shape
W33X201

[ waaxiso| 100 | 1261 |
3 2

| 068 | oco |

W24X162

L, =(KL), or (KL)', for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)
F,= 36 ksi

[ | ass | | ase | [ soa | [ s [ | sst | | 578

[wiexioo] 105 | 535 | 615 | 120 | 1es | 120 | 166 | 125 | 166 | 120 | 67 | 132 | 1eo | 136 | 171 ]

&

L, =(KL), or (KL)', for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)

ksi
L s e .
m b m b m b m

1.12 0.96 1.16 0.98 1.20 0.99

W24X104 1.25 1.27 1.30

SRR

1.82 1.51 1.94 1.55 2.06 1.59 2.2 1.63 237 1.67 2.56 1.72
1.97 2.03 2.08 2.15 2.22 2.30
e e e - S i
3.1 3.27 3.44

W21Xx402 0.29 0.32 0.28 0.33 0.29 .34 0.30 0.35 0.30 0.36 0.30 0.37 0.30

R . Bl e

W21X333 0.36 0.39 0.36 0.40 0.36 0.41 0.37 0.42 0.37 0.44 0.37 0.45 0.37

Waian L 04 . | oas | 04t | o .

W21X275 0.45 0.48 0.45 0.49 0.45 0.51 0.45 0.52 0.46 0.54 0.46 0.55 0.46
5 8 ¢ 0 . L

wa1Xx223 0.56 0.60 0.57 0.62 0.57 0.63 0.58 0.65 0.58 0.67 0.58 0.69 0.59

0.70 0.74 0.71 0.76 0.71 0.78 0.72 0.80 0.73 0.83 0.73 0.85 0.74

W21X147 .

3

0.90 0.92 0.91 0.85 0.92 0.97 0.93 1.00 0.94 1.04 0.95 1.07 0.96

W21X122

AR

1.10 1.11 1.11 1.14 1.13 1.18 1.14 1.21 1.16 1.25 117 1.30 1.19

W21X101

W21X83 7.6 529 11.26 2.10 1.94 2.24 1.99 2.40 2.05 2.59 2.10 2.80 2.18 3.04 2.22 3.33 2.28

288 X e \

= DR RN . N\

W21X68 75 432 13.98 2.44 2.51 2.59 2.67 2.76 2.85 2.95
T s g e

W21X57 5.6 348 23.47 3.51 3.67 3.85 4.05

W21X44 5.3 258 34.51 5.14 5.45

! W18X283| 12.1 1825 1.86 0.47 0.49 0.48 0.49 0.49 0.50 0.51 0.50 0.52 0.50 0.54 0.50 0.56 0.51
W18X234| 11.9 1482 ‘ 2.29 0.57 0.61 0.59 0.61 0.60 0.61 0.62 0.62 0.64 0.62 0.67 0.62 0.69 0.63
\W18X1 92| 11.6 1193 2.86 0.70 0.76 0.72 0.76 0.74 0.77 0.77 0.77 0.79 0.78 0.82 0.78 0.86 0.79
\W18X1 581 114 : 961 3.57 0.86 0.94 0.89 0.95 0.91 0.96 0.95 0.97 0.98 0.98 1.02 0.99 1.06 0.99
~W18X130 11.3 ‘786 4.40 1.05 1.16 1.08 1.18 1.12 1.19 1.16 1.20 1.20 1.21 1.25 1.23 1.30 1.24
W18X106 | 11.1 621 5.57 1.30 1.48 1.34 1.50 1.38 1.52 1.43 1.54 1.49 1.56 1.55 1.59 1.61 1.61
W18X86 11.0 502 6.95 1.60 1.85 1.65 1.88 1.71 1.91 1.77 1.94 1.84 1.97 1.92 2.00 2.00 2.04
W18X71 74 392 13.89 2.63 2.66 2.83 2.73 3.08 2.80 3.35 2.87 3.68 2.95 4.05 3.04 4.49 3.13
W18X80 7.0 332 16.50 3.12 3.21 3.37 3.30 3.66 3.40 4.00 3.51 4.39 3.62 4.85 3.74 5.37 3.87
W18X50 6.9 273 20.51 4.03 4.17 4.31 4.47 4.64 4.83 5.03

W18X40 5.3 212 34,56 6.08 6.40

W16X100| 105 535 6.15 1.41 1.73 1.46 1.75 1.51 1.78 1.57° 1.80 1.64 1.82 1.72 1.84 1.80 1.87

L, =(KL), or{KL), for"b” and L, for "m". Blank cells indicate slender element sectionor L, > L ,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)
F,= 36 ksi

Shape
W16X77

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate siender element section or L, >L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)
F,= 36 ksi

Shape
W16X77

L, =(KL), or(KL), for"b", and L, for"m", Blank celis indicate slender element sectionorL, > L,.
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Table 2. Values of "b", "m ", and "n" Coefficients x 1000 (F, = 36 ksi)

F,= 36 ksi

Shape
W12X72
W12X58
w1 ?XSO T

W12X40

N

W12X30 6.3 116 3517 5.96 9.06 6.47 9.36

o

]

14.42 16.42 17.44 17.69

24.36

W12X22 3.5 79 95.01 9.87 14.37 11.80

W12X16 3.2 54 155.66 23.14 25,32

W10X112| 11.2 397 4.85 1.06 2.24 1.08 2.24 1.10 2.24 1.13 2.24 1.16 2.25 1.19 2.26
T -

W10X88
W10X68

o

W10X54
T
B

W10X26 5.7 85 44.88 5.58 11.25 5.99 11.59 6.47 11.85 7.05. 12.34 7.75 12.76 8.58 13.20

waxat 5.3 55 59.16 7.20 17.41 7.81 17.92 8.55 18.47 9.45 19.04 10.55 19.66 11.89 20.32

W8X15 3.7 37 129.11 13.77 28.52 16.27

19.63 32.85 23.75 34.81 28.27 37.02 33.17

WexX20 6.3 40 49.77 6.91 22.82 7.31 23.25 7.80 23.70 8.37 24.17 9.04 24.66 9.84 2517

WeX16 4.0 32 99.76 11.55 31.33 13.24 32.26 15.43 33.24 18.31 34.28 21.79 35.39 25.57 36.58

68.00

36.80

51.38

36.00 10.22 36.66 11.17 37.34 12.33 38.05 13.74 38.79 15.45 39.55

L, ={KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element sectionorL, >L, .
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 36 ksi)

F,=36 ksl

L, =(KL), or(KL), for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L ,.
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Table 2. Values of "b", "m", and "n " Coefficients x 1000 (F, = 50 ksi)
50 ksi

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element section or L, > L.
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Table 2. Values of "b", "m", and "n " Coefficients x 1000 (F, = 50 ksi)

F,= 50 ksi

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksi)
F,= 50 ksi

L, =(KL), or(KL)', for"b", and L, for "m". Blank cells indicate siender element sectionor L, > L ,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksi)

Shape
W33X201

\\
=

“?
L
- m-- 016 -m
e

Lo =(KL), or (KL), for"b", and L, for"m". Blank cells indicate slender element sectionorL, > L,.
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Table 2. Values of "b", "m", and "n " Coefficients x 1000 (F, = 50 ksi)
50 ks

o3 [ os0 | om0 | oso | om0 [ om0 | os | osr | ose | osr | ous | our |

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksi)

F,=50 ksi

L, =(KL), or (KL), for"b", and L, for "m". Blank cells indicate slender element sectionorL, > L,.
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Table 2. Values of "b", "m", and "n " Coefficients x 1000 (F, = 50 ksi)
F,=50 ksi

wizxioo] 1100 | o1500] 521 | 081 | 145 | oss | ta5 | 0ss | 145 | oo | teo | om | o | 095 | 1 |
sk

s

W12X87 ; 10.85 | 495.00 3.98 0.99 1.80 1.03 1.80 1.03 1.80 1.08 1.82 1.08 1.82 1.14 1.86

L, =(KL), or (KL)', for"b", and L, for"m". Blank cells indicate slender element sectionor L, > L.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksi)

Shape
W16X77

R

AR

| wis

W12X87 | 10.85 | 495,00 | 3.98 k 1.14 1.86 1.22 1.90 1.22 1.90 1.32 1.94 1.32 1.94 1.44 1.98 1.44 1.98

L, =(KL), or(KL)', for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksl}
F,=50 k

T

Shape

R ot Mg Bt
10.75 | 405.00

0 I

W12X72
W12X58
PN
W12X50
W12X40 6.82 215.63 | 14.37 2.39 4.23 2.65 4.44 2.65 4.44 3.00 4.66 3.00 4.66 3.47 4.91
W12X30
W12X22

W12X16 2.72 75.38 | 112.07
= R

W10X112] 9.48 561.25 3.49 0.79 1.61 0.83 1.62 0.83 1.62 0.88 1.64 0.88 1.64 0.95 1.66

W10X88 9.30 . K X . 2 E 2.11 1.13 3 1.13 2.15 1.22 2.18

W10X68

9\.1\6
W10XE\'>4‘
W10X45\ \.
W10X33
VW10X26
W10X19 ?.OB

R i s
Lopgy

W10X15 2.86

WB8Xe67
W8X48
S gé(‘ ~ et & & i Bebiit b i ¢ 5 N 3 ! K i
W8X35 7.18 130.13 | 14.91 2.69 6.93 2.95 7.17 2.95 717 3.30 7.43 3.30 7.43 3.77 7.70
s P ses | res ] aoe | ;
23.83 3.69 9.17 4.26 9.61 4.26 9.61 5.08 10.08 5.08 10.08 6.26 10.62

W8X28 5.73 102.00
5 = A

TR
Y -

-

g

wax21 4.45 76.50 42.59

s = 1 -

W8X15 3.11 51.00 92.96

. )

5

12.65

W8X10 3.12 32.96 | 151.28

]

587 | n0ds | satr § dee
W6X20 5.30 55.88 35.83 5.41
Wex16 3.43 43.88 71.83 10.16
aeE B ol git
3 b SE R §
WeX9 3.22 23.36 142.40 19.81
SRR T
W5X16 4.49 35.96 52.67 7.63 9.66 28.15
B R SRy S R e

. B

L, =(KL), or (KLY, for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 2. Values of "b", "m", and "n" Coefficients x 1000 (F, = 50 ksi)
50 ksi

= s X
| 1752 | 5190 | 2289 | sa16 | o089 | st | oso7 | | oser |  Jss7e|  Jas7e] |

L, =(KL), or(KL), for"b", and L, for "m". Blank cells indicate slender element sectionor L, > L,.
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Table 3. Average Values of the "b" Coefficient x 1000, b,,, x 1000
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	Beaufait, Fred
	Beavers, James E.

	Torsional Properties of Composite Girders
	Heins, Conrad P.
	Kuo, John T.C.

	Discussion: Shear Strength of Stud Connectors in Lightweight and Normal-Weight Concrete
	Chinn, James


	3rd Quarter
	A Stub-Girder System for High-Rise Buildings
	Colaco, Joseph P.

	A Unified Approach to the Elastic Lateral Buckling of Beams
	Nethercot, D.A.
	Rockey, K.C.
	Discussion

	Load Factor Design of Steel Buildings
	Galambos, Theodore V.

	Stiffness Coefficients of Beam-Columns with Non-Prismatic Members
	Eimer, N.
	Stack-Staikidis, W.J.

	Discussion: Applied Plastic Design of Unbraced Multistory Frames
	Wiesner, Kenneth B.

	Errata: The Case for the Semi-Box Girder
	Schlenker, Norman E.

	Errata: Shear Strength of Stud Connectors in Lightweight and Normal-Weight Concrete. (Paper presented April, 1971)
	Chinn, James


	4th Quarter
	Investigation of Triangular Heats Applied to Mild Steel Plates
	Nicholls, J.I.
	Weerth, D.E.

	Direct Design of Columns Subjected to Combined Loading
	Celenza, Eugene
	Phang, Michael K.S.

	Effective Length of Columns with Intermediate Axial Load
	Sandhu, Balbir S.

	Calculation of Effective Lengths and Effective Slenderness Ratios of Stepped Columns
	Anderson, John P.
	Woodward, James H.

	Discussion: The Effective Length of Columns in Unbraced Frames
	Yura, Joseph A.

	Discussion: Vibration and Deflection of Steel Bridges
	Murray, Thomas M.

	Discussion: Buckling of Hyperbolic Paraboloids
	Koo, Benjamin



	1973
	1st Quarter
	Bolt Tension Control with a Direct Tension Indicator
	Fisher, John W.
	Oyeledun, Abayomi O
	Struik, John H.A.

	Plastic Design of Biaxially Loaded Beam-Columns
	Baseheart, T.M.
	McDonough, J.F.
	Ringo, B.C.

	Graphical Solution for Selection of Web Splice Bolts
	Mehta, Narendra K.
	Powers, J.J.

	Fast Check for Ponding
	Burgett, Lewis B.

	Plastic Design Applied to Trusses
	Croucher, Meredith W.
	Fisher, James M.


	2nd Quarter
	Inelastic K-factor for Column Design
	Disque, Robert O.

	A Prestressed Composite Girder for Short Span Bridges
	Anand, Subhash C.

	Headed Steel Anchor under Combined Loading
	Fisher, John W.
	McMackin, Patrick J.
	Slutter, Roger G.

	A Rapid Solution of Vierendeel Frames
	Abdul-Shafi, A.

	Selection of a ""Trial"" Column Section
	Burgett, Lewis B.

	Discussion: A Unified Approach to the Elastic Lateral Buckling of Beams
	Chinn, James
	Piepenburg, Dwayne D.


	3rd Quarter
	Commentary on Highly Restrained Welded Connections
	American Institute of Steel Construction
	Discussion

	Composite Floor System for Sears Tower
	Iyengar, S.H.
	Zils, J.J.
	Errata

	Fire Resistance of Protected Steel Columns
	Lie, T.T.
	Stanzak, W.W.
	Discussion


	4th Quarter
	Recent Developments in Steel Building Design
	Beedle, Lynn S.
	Lu, Le-Wu
	Ozer, Erkan

	Quality Control in Design and Supervision Can Eliminate Lamellar Tearing
	Thornton, Charles H.

	Steel Box Girder Bridges
	Lally, Andrew

	Steel Column Base Plate Design
	Sandhu, Balbir S.
	Discussion

	Discussion: Fire Resistance of Protected Steel Columns
	Lie, T.T.
	Stanzak, W.W.
	Stetina, Henry J.

	Errata: Composite Floor System for Sears Tower
	Iyengar, S.H.
	Zils, J.J.



	1974
	1st Quarter
	Cable-Stayed Bridges
	Podolny, Walter, Jr.

	Yield Line Analysis of Column Webs with Welded Beam Connections
	Stockwell, Frank W., Jr.
	Discussion
	Discussion

	Optimum Belt Truss Locations for High-Rise Structures
	Taranath, B.S.
	Errata

	Rapid Selection of W Columns (AASHO Method of Design)
	Mehta, Narendra K.


	2nd Quarter
	Composite Action Without Shear Connectors
	Barnoff, Robert M.
	Mead, Edwin
	O'Neil, Richard
	Watson, James

	Experimental Investigation of Lug Stresses and Failures
	Hackett, R.M.
	Tolbert, R.N.

	Yield Line Analysis of a Web Connection in Direct Tension
	Kapp, Richard

	Light Gage Steel Infill Panels in Multistory Steel Frames
	Miller, Craig J.

	Discussion: Steel Column Base Plate Design
	Sandhu, Balbir S.

	Errata: Optimum Belt Truss Locations for High Rise Structures
	Taranath, B.S.


	3rd Quarter
	Simplified Seismic Drift Analysis of High-Rise Steel Frames
	Fleischer, Walter H.

	Simplified Approach to AISC Bending Formulas
	Stockwell, Frank W., Jr.
	Errata

	Dynamic Analysis of Multistory Buildings
	Sandhu, Balbir S.

	Lateral Instability of Castellated Beams
	Chesson, Eugene, Jr.
	Pattanayak, Umesh C.

	Discussion: Yield Line Analysis of Column Webs with Welded Beam Connections
	Kapp, Richard


	4th Quarter
	Errata: Partial Tube Concept for Mid-Rise Structures
	Colaco, Joseph P.

	Partial Tube Concept for Mid-Rise Structures
	Colaco, Joseph P.
	Errata

	Innovative Approaches to the Erection of Tension Roof Structures
	Cuoco, Daniel A.
	Thornton, Charles H.

	Approximate Analytical Model for Multistory Frames
	LeMessurier, William J.
	McNamara, Robert J.
	Scrivener, J.C.

	Cable Connections in Stayed Girder Bridges
	Podolny, Walter, Jr.
	Discussion

	Errata: Simplified Approach to AISC Bending Formula
	Stockwell, Frank W., Jr.



	1975
	1st Quarter
	Application of AISC Design Provisions for Tapered Members
	Lee, G.C.
	Morrell, M.L.

	Directional Moment Connections--A Proposed Design Method for Unbraced Steel Frames
	Disque, Robert O.
	Discussion

	Panel Zone Effect on the Strength and Stiffness of Steel Rigid Frames
	Becker, Roy

	Simplified Solution to Interaction Equation
	Babyak, R. Carey
	Phang, Michael K.S.

	One Engineer's Opinion (Interaction Equations)
	Stockwell, Frank W., Jr.

	Discussion: Commentary on Highly Restrained Welded Connections
	Jones, Norman B.
	Milek, W.A.


	2nd Quarter
	Structural System; Standard Oil of Indiana Building (T.R. Higgins Award)
	Picardi, E. Alfred

	Eccentrically Loaded Slip-Resistant Connections
	Kulak, Geoffrey L.

	Seismic Drift Control Criteria
	Teal, Edward J.
	Errata

	Nomograph for Design of Channel Section Beams
	Maitra, N.

	Discussion: Cable Connections in Stayed Girder Bridges
	Kavanagh, Thomas C.


	3rd Quarter
	Design of Columns Subject to Biaxial Bending
	Springfield, John

	Design to Prevent Floor Vibrations
	Murray, Thomas M.

	Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.
	Errata
	Discussion

	Preliminary Base Plate Selection
	Stockwell, Frank W., Jr.

	Errata: Seismic Drift Control Criteria
	Teal, Edward J.


	4th Quarter
	Seismic Design Practice for Steel Buildings
	Teal, Edward J.
	Discussion
	Errata

	Discussion: Yield Line Analysis of Column Webs with Welded Beam Connections
	Stockwell, Frank W., Jr.

	Errata: Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.



	1976
	1st Quarter
	AISC Column Design Logic Makes Sense for Composite Columns, Too
	Furlong, Richard W.

	Stiffness Design of Unbraced Steel Frames
	Cheong-Siat-Moy, F.
	Errata

	Tension-Field Design of Tapered Webs
	Falby, W.E.
	Lee, G.C.
	Errata

	A Simplified Method for the Flexural Design of Stiffened Hybrid Girders
	Chong, Ken P.
	Errata

	The Effective Length of Unbraced Single Story Columns
	Marx, Christopher
	Discussion


	2nd Quarter
	Modern Approaches to Solution of the Wind Problems of Long Span Bridges (T.R. Higgins)
	Scanlon, Robert H.

	Structural Steel and Fire; More Realistic Analysis
	Lie, T.T.
	Stanzak, W.W.

	Rapid Selection of Column Base Plates
	Bird, William R.
	Errata
	Discussion
	Discussion

	Design Example for Beams with Web Openings
	Cooper, Peter B.
	Kussman, Richard L.
	Errata
	Discussion

	Discussion: Seismic Design Practice for Steel Buildings
	SEAOC Seismology Committee
	Teal, Edward J.

	Discussion: Directional Moment Connections-A Proposed Design Method for Unbraced Steel Frames
	Wiesner, Kenneth B.

	Errata: Seismic Design Practice for Steel Buildings
	Teal, Edward J.

	Errata: Tension-Field Design of Tapered Webs
	Falby, W.E.
	Lee, G.C.


	3rd Quarter
	The New Guide to Stability Design Criteria for Metal Structures
	Johnston, Bruce G.

	In-Plane Fatigue Strength of Plates with Laminar Discontinuities
	Brockenbrough, R.L.
	Owens, D.E.

	A Simple Approach to Truss Deflections
	Tsai, Wan-Tswan

	Girder Stiffness Distribution for Unbraced Columns
	Stockwell, Frank W., Jr.

	On Inelastic Column Buckling
	Smith, C.V., Jr.
	Discussion

	Errata: Design Example for Beams with Web Openings
	Cooper, Peter B.
	Kussman, Richard L.

	Errata: Stiffness Design of Unbraced Steel Frames
	Cheong-Siat-Moy, F.

	Errata: Rapid Selection of Column Base Plates

	4th Quarter
	A Practical Method of Second Order Analysis Part 1; Pin Jointed Systems
	LeMessurier, William J.
	Errata

	Rapid Selection of Beam-Columns for Wind or Earthquake Effects
	Fiesenheiser, E.I.
	Ronan, J.G.

	A New Design For Torsion Resistant Suspension Bridges
	Samelson, Harold
	Errata
	Discussion

	Effective Length of Columns with Semi-Rigid Connections
	Driscoll, George C., Jr.
	Errata

	Discussion: The Effective Length of Unbraced Singal Story Columns
	Green, Robert W.

	Discussion: Design Example for Beams with Web Openings
	Redwood, R.G.

	Discussion: Rapid Selection of Column Base Plates
	Douty, R.T.



	1977
	1st Quarter
	Fracture and Fatigue Control in Steel Structures
	Rolfe, S.T.

	Capacity of Columns with Splice Imperfections
	Popov, Egor P.
	Stephen, Roy M.

	Composite Beams with Formed Steel Deck
	Fisher, John W.
	Grant, John A., Jr.
	Slutter, Roger G.

	Errata: A Practical Method of Second Order Analysis (Part 1 - Pin Jointed Systems)
	LeMessurier, William J.

	Errata: A New Design For Torsion Resistant Suspension Bridges
	Samelson, Harold

	Disscussion: Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.

	Disscussion: On Inelasic Column Buckling
	Matz, Charles A.

	Disscussion: Rapid Selection of Column Base Plates
	Bird, William R.


	2nd Quarter
	A Practical Method of Second Order Analysis Part 2; Rigid Frames
	LeMessurier, William J.

	Multistory Rigid Frames with Composite Girders Under Gravity and Lateral Forces
	Schaffhausen, Robert J.
	Wegmuller, Anton W.

	Direct Feasible and Optimal Design of Laterally Unsupported Beams*
	Brandt, G. Donald


	3rd Quarter
	Floor Vibrations and Cantilevered Construction
	Hendrick, William E.
	Murray, Thomas M.

	Yield Line Analysis of Bolted Hanging Connections
	Dranger, Thomas S.
	Discussion

	Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.
	Discussion
	Discussion
	Errata

	A Rational Approach to Fire Engineering Design of Steel Buildings
	Magnusson, Sven Erik
	Pettersson, Ove
	Thor, Jorgen

	Discussion: A New Design For Torsion Resistant Suspension Bridges
	Birdsall, Blair
	Samelson, Harold

	Errata: Effective Length of Columns with Semi-Rigid Connections
	Driscoll, George C., Jr.


	4th Quarter
	Fatigue Strength of Steel Members with Welded Details (T.R. Higgins Award)
	Fisher, John W.
	Yen, Ben T.

	Mill Building Design Procedure
	Bakota, John F.
	Discussion
	Discussion

	The Mysterious 1/3 Stress Increase
	Ellifritt, Duane S.

	History of Steel Beam Design
	Galambos, Theodore V.



	1978
	1st Quarter
	An Introduction to Load and Resistance Factor Design for Steel Buildings
	Hansell, W.C.
	Pinkham, C.W.

	Proposed Criteria for Load and Resistance Factor Design
	Galambos, Theodore V.
	Ravindra, M.K.
	Errata

	LRFD Design Office Study
	Wiesner, Kenneth B.

	Discussion: Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.

	Discussion: Yield Line Analysis of Bolted Hanging Connections
	Dranger, Thomas S.


	2nd Quarter
	Seismic Drift Control and Building Periods (T.R. Higgins Award)
	Teal, Edward J.
	Discussion

	A Fresh Look at Bolted End- Plate Behavior and Design
	Krishnamurthy, N.
	Errata
	Discussion

	Graphical Aid for Design of Base Plate Subjected to Moment
	Maitra, N.
	Errata

	End Restraints on Steel Joist Floor Vibrations
	Carrle, Gunther
	Wang, Leon Ru-Liang

	Fire Safety Of External Building Elements--The Design Approach
	Law, Margaret
	Errata

	Discussion: Mill Building Design Procedure
	Gogate, Anand B.

	Discussion: Simplified Design for Torsional Loading of Rolled Steel Members (Lin)
	Lin, Phillip H.

	Errata: Proposed Criteria for Load and Resistance Factor Design
	Galambos, Theodore V.
	Ravindra, M.K.


	3rd Quarter
	Design of an Eccentrically Braced Steel Frame
	Popov, Egor P.
	Roeder, Charles W.

	Shear in Beam-Column Joints in Seismic Design of Steel Frames
	Krawinkler, Helmut

	Discussion: Seismic Drift Control and Building Periods
	Berg, Glen V.

	A Method for the Plastic Design of Unbraced Multistory Frames
	De Buen, Oscar

	The AISC Quality Certification Program
	Peshek, Charles, Jr.

	Errata: Fire Safety of External Building Elements--The Design Approach
	Law, Margaret


	4th Quarter
	Behavior of Bearing Critical Double-Angle Beam Connections
	Birkemoe, Peter C.
	Gilmor, Michael I.

	Fire Resistance of Structural Steel
	Lie, T.T.

	Box Girder Bridge Design; State of the Art
	Heins, Conrad P.

	Discussion: Mill Building Design Procedure
	Diefenderfer, C.F.

	Errata: A Fresh Look at Bolted End-Plate Behavior and Design
	Krishnamurthy, N.

	Errata: Graphical Aid for Design of Base Plate Subjected to Moment
	Maitra, N.



	1979
	1st Quarter
	Plastic Design Aids for Pinned-Base Gabled Frames
	Beskos, Dimitrios E.
	Manolis, George D.

	Allowable Axial Stresses in Segmented Columns
	Barnes, D.W.
	Mangelsdorf, C.P.

	Analysis of Vierendeel Frames for Deflections
	Abdul-Shafi, A.

	Combined Shear and Tension on Grouted Base Details
	Adihardjo, Rianto
	Soltis, Lawrence A.


	2nd Quarter
	Analysis and Design of Framed Columns Under Minor Axis Bending
	Kanchanalai, T.
	Lu, Le-Wu
	Discussion

	Strength Design in Steel Using Programmable Calculators
	Anderson, James C.

	Discussion: A Fresh Look at Bolted End-Plate Behavior and Design
	Agerskov, Henning
	Griffiths, John D.
	Krishnamurthy, N.
	McGuire, William
	Rimmer, Norman W.
	Wooten, J.M.


	3rd Quarter
	Human Response to Wind-Induced Motion of Buildings (T.R. Higgins Award)
	Hansen, Robert J.
	Reed, John W.
	Vanmarcke, Erik H.

	Prefabricated Press-Formed Steel T-Box Girder Bridge System
	GangaRao, H.V.S.
	Taly, Narendra

	Optimum Design of Steel Pipe Racks
	Arya, Suresh C.
	Feng, Edward G.
	Pincus, George

	A Simple Formula for the Polar Second Moment of Area of a Regular Skew-Symmetric Bolt Group
	Bradfield, C.D.
	Irvine, H.M.


	4th Quarter
	A Specification for the Design of Steel-Concrete Composite Columns
	Structural Stability Research Council, Task Group 20

	Efficiency of Tubular Framing for Medium-Height Buildings
	Leffler, Robert E.

	Plastic Design of Steel Floor Beams
	Hawes, William H.
	Errata

	Discussion: Analysis and Design of Framed Columns Under Minor Axis Bending
	Nethercot, D.A.

	Errata: A Simplified Method for the Flexural Design of Stiffened Hybrid Girders
	Chong, Ken P.



	1980
	1st Quarter
	Moment Resisting Connections for Mixed Construction
	Hawkins, Neil M.
	Mitchell, Denis
	Roeder, Charles W.

	Steel Supported Masonry Walls
	Soltis, Lawrence A.
	Tuan, Young-Bee

	One Engineer's Opinion
	Fisher, James M.

	Elastic Buckling of a Column Under Varying Axial Force
	Shrivastava, Suresh C.

	Anchor Bolt Design for Shear and Tension
	Kharod, Umesh J.


	2nd Quarter
	Computer-Aided Design of Stub-Girder System
	Gotschall, John A.
	Wang, P.C.

	Torsional Strength and Stiffness of Steel Structures
	Shermer, Carl L.

	The Analysis and Design of Single Plate Framing Connections
	Gillett, Paul E.
	Kriegh, James D.
	Lewis, Brett A.
	Richard, Ralph M.


	3rd Quarter
	Some Aspects of Stub-Girder Design (T.R. Higgins Award)
	Bjorhovde, Reidar
	Zimmerman, T.J.

	An Update on Eccentric Seismic Bracing
	Popov, Egor P.

	A Cautionary Note on Beam Copes
	Milek, W.A.

	Fast Design of Beams with Cb Greater Than 1.0
	Burgett, Lewis B.
	Tide, Raymond H.R.

	8th Edition Manual Errata

	4th Quarter
	Plastic Design of Unbraced Multistory Steel Frames with Composite Beams
	De Buen, Oscar

	Eccentrically Loaded Weld Groups; AISC Design Tables
	Tide, Raymond H.R.
	Errata

	Calculation of Effective Lengths of Stepped Columns
	Agrawal, Krishna M.
	Stafiej, Andrew P.
	Errata

	Detailing to Achieve Practical Welded Fabrication
	Blodgett, Omer W.



	1981
	1st Quarter
	An Experimental Look at Bracket-Loaded Webs
	Ainso, Heino
	Hoptay, Joseph M.
	Discussion

	Generalized Design of Columns Subjected to Combined Axial Load and Bending Moment
	Monasa, Frank
	Snyder, John K.

	Connections Between Steel Frames and Concrete Walls
	Hawkins, Neil M.
	Roeder, Charles W.

	Errata: Eccentrically Loaded Weld Group--AISC Design Tables
	Tide, Raymond H.R.

	Errata: Plastic Design of Steel Floor Beams
	Hawes, William H.


	2nd Quarter
	Preliminary Analysis and Member Sizing of Tall Tubular Steel Buildings
	El Nimeiri, Mahjoub M.
	Tang, John W.
	Wong, Chow H.

	Analysis and Design of a Web Connection in Direct Tension
	Anand, Subhash C.
	Bertz, Richard F.

	A Graphical Method for Design of Cantilevered and Suspended Span Beams
	Mehta, Purushottam B.

	Nomograph for Design of Power Plant and Industrial Precipitator Shell
	Maitra, N.

	Stress Reduction Factor for Unsupported Lengths
	Roy, Ranjit

	Acceptability Criterion for Occupant-Induced Floor Vibrations
	Murray, Thomas M.


	3rd Quarter
	Load and Resistance Factor Design (T.R. Higgins Award)
	Galambos, Theodore V.

	Structural Details in Industrial Buildings
	Fisher, James M.
	Discussion
	Discussion

	Stability of Metal Structures- A World View (Part 1)
	SSRC, ECCS, LRCJ,CMEA
	Discussion

	Discussion: An Experimental Look at Bracket-Loaded Webs
	Sears, Frank D.

	Errata: Calculation of Effective Lengths of Stepped Columns
	Agrawal, Krishna M.
	Stafiej, Andrew P.

	Book Review: Structural Design of Tall Steel Buildings, Vol. SB
	Haaijer, Geerhard


	4th Quarter
	Design Aids for Single-Plate Framing Connections
	Disque, Robert O.
	Young, Ned W.
	Discussion

	Eccentrically Braced Frame Construction--A Case History
	Libby, James R.
	Discussion

	Stability of Metal Structures- A World View (Part 2)
	SSRC, ECCS, LRCJ,CMEA
	Discussion



	1982
	1st Quarter
	Predesigned Bolted Framing Angle Connections
	American Institute of Steel Construction

	Computing The Effective Plastic Moment
	Carskaddan, Phillip S.
	Grubb, Michael A.
	Haaijer, Geerhard

	Suggestions for Avoiding Beam- to- Column Web Connection Failure
	Beedle, Lynn S.
	Driscoll, George C., Jr.

	Plastic Behavior of Beams with Mid-Depth Web Openings
	Afifi Aglan, Ahmed
	Qaqish, Samih

	Stability of Metal Structures--A World View (Part 3)
	SSRC, ECCS, LRCJ,CMEA


	2nd Quarter
	Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.
	Errata
	Discussion
	Discussion
	Discussion
	Errata
	Correction

	Steel Members Subject to Axial Tension and Biaxial Bending Moments
	Hsu, C.T.T.

	Errata: Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.

	Calculator Program for Determining Properties of Built-up or Composite Members
	Gossett, Stephen R.
	Discussion

	Rapid Determination of Ultimate Strength of Eccentrically Loaded Bolt Groups
	Brandt, G. Donald
	Discussion
	Discussion
	Discussion

	Stability of Metal Structures- A World View (Part 4)
	SSRC, ECCS, LRCJ,CMEA

	Discussion: Structural Details in Industrial Buildings
	Fisher, James M.
	Marx, Christopher

	Discussion: Stability of Metal Structures--A World View (Part 2)
	Wolchuk, Roman

	Discussion: Stability of Metal Structures--A World View (Part 1)
	Clark, J.W.


	3rd Quarter
	Seismic Steel Framing Systems for Tall Buildings
	Popov, Egor P.

	A General Solution for Eccentric Loads on Weld Groups
	Brandt, G. Donald

	Lateral Wind Bracing Requirements for Steel Composite Bridges
	Heins, Conrad P.
	Hou, C.K.
	Kato, H.

	Errata: Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.

	Effect of Hole-Making on the Strength of Double Lap Joints
	Iwankiw, Nestor R.
	Schlafly, Thomas

	Discussion: Design Aids for Single-Plate Framing Connections
	Griffiths, John D.


	4th Quarter
	Tips for Avoiding Crane Runway Problems
	Ricker, David T.

	Allowable Stress for Bending Members
	Maitra, N.
	Discussion

	Design of Single Plate Framing Connections with A307 Bolts
	Hormby, David E.
	Kriegh, James D.
	Richard, Ralph M.
	Discussion
	Discussion

	Discussion: Calculator Program for Determining Properties of Built-Up or Composite Members
	Chesson, E., Jr.

	Discussion: Rapid Determination of Ultimate Strength of Eccentrically Loaded Bolt Groups
	Marsh, Cedric

	Discussion: Design of W-Shapes for Combined Bending and Torsion
	Salmon, Charles G.



	1983
	1st Quarter
	Calculation of Wind Drift in Staggered-Truss Buildings
	Leffler, Robert E.

	End Restraint and Column Design Using LRFD
	Chen, Wai-Fah
	Lui, E.M.
	Discussion

	Considerations in the Design of Bolted Joints for Weathering Steel
	Brockenbrough, R.L.

	Discussion: Rapid Determination of Ultimate Strength of Eccentrically Loaded Bolt Groups
	Brandt, G. Donald
	Iwankiw, Nestor R.


	2nd Quarter
	Buckling of One-Story Frames
	Schilling, Charles G.
	Discussion
	Closure

	Design of Headed Anchor Bolts
	Haninger, Edward R.
	Shipp, John G.
	Discussion

	Steel Shear Walls for Existing Buildings
	Baldelli, Joseph A., Jr.

	Some Economic Considerations for Composite Floor Beams
	Lorenz, Robert F.

	Discussion: Design of W-Shapes for Combined Bending and Torsion
	Lin, Phillip H.

	Discussion: Rapid Determination of Ultimate Strength of Eccentrically Loaded Bolt Groups
	Iwankiw, Nestor R.


	3rd Quarter
	Interactive Computer Graphics in Steel Analysis/Design--A Progress Report
	McGuire, William
	Pesquera, Carlos I.

	The Importance of Tension Chord Bracing
	Fisher, James M.
	Discussion

	Economics of Low-Rise Steel-Framed Structures
	Ruddy, John L.

	Discussion: Allowable Stress for Bending Members
	Parikh, Prabhakar

	Discussion: Eccentrically Braced Frame Construction--A Case History
	Popov, Egor P.


	4th Quarter
	Steel Box Girder Bridges-Design Guides and Methods
	Heins, Conrad P.

	Design of Lightly Loaded Steel Column Base Plates
	Murray, Thomas M.

	Web Design Under Compressive Edge Loads
	Elgaaly, Mohamed

	Lateral Stiffness of Core/Outrigger Systems
	Boggs, P.C.
	Gasparini, D.A.

	Analysis of Knee-Braced Portal Frames for Vertical Loading
	Surtees, John O.
	Vilas, Howard K.



	1984
	1st Quarter
	Effect of End Restraint on Column Strength-Practical Applications
	Bjorhovde, Reidar
	Discussion
	Discussion

	Vertically Curved Girder Flanges
	Nair, R. Shankar
	Errata

	Note on Beam-Column Moment Amplification Factor
	Iwankiw, Nestor R.
	Discussion

	Fast Check for Laterally Supported Beam Capacity
	Odeh, M. David
	Discussion

	End-Plate Moment Connections- Their Use and Misuse
	Griffiths, John D.
	Errata

	Safe Load for Laterally Unsupported Angles
	Lay, M.G.
	Leigh, J.M.
	Thomas, B.F.

	Structural System--Getty Plaza Tower
	Wong, Charles

	Engineering for Steel Construction
	Disque, Robert O.

	Introduction to the Proposed AISC Load and Resistance Factor Design Specification
	Edinger, John A.

	Discussion: Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.

	Errata: Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.


	2nd Quarter
	Finite Element Modeling of Girders with Large Web Openings
	Berak, E.G.
	Watwood, V.B.

	Structural Engineering for the 80's and Beyond
	McGuire, William

	Errata: End-Plate Moment Connections: Their Use and Misuse
	Unknown Author

	Economical Steel Plate Girder BridgesEconomical Steel Plate Girder Bridges
	Knight, Richard P.

	Discussion: End Restraint and Column Design Using LRFD
	Abrahams, Michael J.
	Chen, Wai-Fah
	Lui, E.M.
	Tide, Raymond H.R.
	Yoganandan, Naryan

	Simplified Approach to the Analysis and Design of Columns with Imperfections
	Chen, Wai-Fah
	Lui, E.M.

	Discussion: Design of Headed Anchor Bolts
	Haninger, Edward R.
	Sherman, William C.
	Shipp, John G.

	Book Review: Detailing for Steel Construction (AISC)
	Stanczak, John S.

	Design Aid for Deflection of Simple Beams Under Concentrated Loads
	Mazzarella, M. Max, Sr.

	Discussion: The Importance of Tension Chord Bracing
	Fisher, James M.


	3rd Quarter
	Single-Plate Framing Connections with Grade-50 Steel and Composite Construction
	Hormby, David E.
	Kriegh, James D.
	Richard, Ralph M.
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