LRFD Beam-Column Graphical Design Aid
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ABSTRACT

graphical design aid is presented for beam-columns,

members subjected to combined loading of axial
forces and bending moments, designed in accordance with
the American Institute of Steel Construction’s (AISC) 1993
LRFD Specification for Structural Steel Buildings. Design
aids have been published in the AISC LRFD Manual of
Steel Construction, 2™ Edition, addressing many facets of
structural steel design. These include the beam tables,
beam charts, and column tables. However, meager infor-
mation is available revealing how to design a beam-column
accurately and quickly. The common method is entirely
based on an assumed axial load due to bending moments
which is then used via trial-and-error to size a member from
the column (axial load only) design tables. There are vari-
ous problems with this method of design.

This article presents an alternative design procedure
based on the Equations H1-1a and H1-1b of the 1993 LRFD
Specification for Structural Steel Buildings. The proposed
design method consists of a standard set of graphs depicting
the interaction diagram for steel W-shapes commonly used
as column members. The diagrams are derived for struc-
tural members subjected to axial compression and strong-
axis bending. This new procedure also utilizes a set of lin-
ear transformation factors applied to design conditions dif-
ferent from the graphical standard. This method is advan-
tageous to design engineers because it facilitates the selec-
tion of a beam-column.

INTRODUCTION

The AISC LRFD Manual of Steel Construction, 2" Edition,
provides aids for the designer of steel columns and beams.
The design of columns for axial loads only is precisely tab-
ulated for several shapes commonly used as columns. The
design of beams for strong-axis bending moments is accu-
rately tabulated and plotted for several shapes commonly
used as beams. However, a trial-and-error solution process
is suggested to design a beam-column, a member subjected
to combined axial load and bending moments (refer to
Preliminary Beam-Columns, Table 3-2, LRFD Manual,
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Volume I, 2" Edition). Design by trial-and-error is enlight-
ening through chance and discovery but this process does
consume valuable time. A more precise method would
expedite the design procedure to repeat the task efficiently.

The scope of this article is to introduce and propose a
simplified LRFD design aid for beam-columns. Wide-
flange shapes normally used as structural columns, with a
combined loading of an axial compressive load and a
strong-axis bending moment are addressed. This document
recommends a new design approach and demonstrates how
to perform the required calculations. The proposed design
procedure utilizes a standard interaction diagram and vari-
ous conversion factors to efficiently design beam-columns.
The conversion factors are necessary for the linear transfor-
mation of design conditions different from the graphical
standards.

The proposed design procedure is derived from
Equations HI-la and HI1-1b of the 1993 LRFD
Specification which define the interaction diagram for the
design of a beam-column (refer to Figure 1, which is iden-
tical to Figure C-HI1.1 in the 1993 LRFD Specification).
Any combination of axial load, P, and bending moment,
M, that plots below or on the line indicates an acceptable
result. Any condition plotted above the member interaction
line is not adequate. Interaction diagrams have been devel-
oped for a compressive axial load and bending moment
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Fig. 1. Typical beam-column interaction curve per LRFD Specifications.
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about the major axis. These design curves comply with
AISC’s 1993 LRFD Specification.

DERIVATION OF THE DESIGN PROCEDURE

A beam-column must conform to the interaction Equations
Hl-1a and H1-1b defined in LRFD Specification Chapter
H. The plot of both equations yields a continuous interac-
tion diagram similar to Figure 1 for every member. This
graph is affected by the column member size, column end
conditions, the unbraced length, and lateral-torsional buck-
ling criteria.

The following derivation by example illustrates the
author’s discovery process. Curves 1, 2, and 3 in Figure 2
are plotted with the assumption that the unbraced length is
equal to the effective length. A single member, W14x61, is
graphed with differing lengths and end conditions in Figure 2.

Curve 1 in Figure 2 depicts the interaction diagram for
the following conditions:

Member Shape = W14x61

F, =50 ksi 0P, =591 kips
K=1.0 0M, = 361 kip-ft
KL,KL,L, =12ft

C,=1.0

The point of intersection of lines H1-1a and HI-1b can be
algebraically derived once all the other variables are known.
The basis for the nominal axial strength is defined in LRFD
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Fig. 2. Interaction diagram plots.
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Specification Chapter E. Likewise, the basis for the nomi-
nal moment strength is defined in LRFD Specification
Chapter F.

Conservative assumptions of C, = 1.0 and L, = KL, KL,
were selected to simplify the design standards. However,
L, = KL is unconservative for values of K less than one. For
example, if K is equal to 0.5 and L is equal to 40 ft, then the
moment strength would be based on KL equal to 20 ft
instead of the correct value of 40 ft. The designer must be
aware of the magnitude of this assumption. Proper detail-
ing of the structure to conform to the design calculations is
essential.

For every possible length there exists a similar interaction
diagram for the W14x61. In addition to an infinite number
of lengths, there are multiple end conditions that will affect
the plotted diagram. The end conditions are incorporated
with the effective length factor, K, and it varies from 0.5 to
2.10. The theoretical K values and their physical interpre-
tation can be found in Table C-C2.1 on page 6-184 of the
LRFD Specification. The member length will also control
what the plot looks like (see Figure 2 for affected points).
An interaction diagram cannot be drawn for every member,
every end condition and every length because there are an
infinite number of combinations. Therefore, a correlation
must be derived. The plots of Curve 2 and Curve 3 illustrate
the graphical correlation.

Curve 2 in Figure 2 depicts the interaction diagram for
the following conditions:

Member Shape = W14x61

F, =50 ksi 0P, =276 kips
K=10 OM, = 315 kip-ft
L,=KL=24ft

C,=10

Curve 3 in Figure 2 depicts the interaction diagram for
the following conditions:
Member Shape = W14x61

F, =50 ksi 0P, =276 kips
K=2.0 OM, = 315 kip-ft
L.L=12ft

L, =KL =24ft

C,=10

Notice that the last two conditions plot identically. Since
both portions of the interaction diagram are straight lines, a
simple linear transformation can be used to convert any
length and end condition to a selected graphical standard.

Curve 3’ illustrates the interaction diagram for the
W14x61 if the unbraced length is not equal to the effective
length.

Curve 3’ in Figure 2 depicts the interaction diagram for
the following conditions:

Member Shape = W14x61



F, =50 ksi 0P, =276 kips
K=20 0M, = 361 kip-ft
L.L=12ft

L,=12ft

C,=10

Take note that the maximum axial load remains the same
as Curve 3 and therefore the axial portion of the point of
intersection of Equations HIl-la and H1-1b remains the
same. However, the flexural strength for the member plot
for Curve 3’ has increased resulting in a shift in the curve.
As long as KL is greater than L,, the standard interaction
graphs will be conservative. If KL is less than L,, then the
standard interaction graphs will be unconservative. In order
to simplify the design procedure, the assumption that the
limiting effective length, KL, is equal to L, was used to con-
struct the interaction diagrams.

As with all design aids there are assumptions that are
included in the derivation of the method. The basic assump-
tions for the construction of the standard column interaction
curves are:

¢ the material is A992 steel;

e the member is subjected to axial compression and

strong-axis bending only;

* the member graphs are derived with K = 1.0 and L =

12 ft;

¢ the flexural strength of the section is based on L, = KL

and C,= 1.0; and

e the point of intersection of Equations Hl-la and

HI1-1b is derived algebraically from the other known
values.

With the above correlation, a set of conversion factors is
defined that is used to perform the linear transformations.
Two conversion factors are necessary because the end con-
dition and the length affect the axial strength and the length
of the member affects the flexural strength. Conversion fac-
tors were calculated for 50 ksi steel. Additional factors may
be calculated by using the equations discussed below.

The end conditions and the length affect the axial
strength. Therefore, to use an interaction diagram with K =
1.0 and L = 12 ft a conversion factor is needed for a mem-
ber that does not have K = 1.0 and L = 12 ft. The general
form of the equation is:
=By, X P

q)an(KL =121t n(KL # 12 ft)

In general, the conversion factor, By, for a different
effective length due to the end condition and length is

defined as:

By, = [q)an(KL: 12 ft)] / [¢an(KL¢ 12 ft)]

The length of the member affects the flexural strength.
Therefore, a conversion factor is needed for the bending

moment when a member’s effective length is not equal to 12
ft. The general form of the equation for the moment capac-
ity factor is:

¢an(1<L =260~ By X q)an(KL# 12)

In general, the conversion factor, B, ,,, for a member’s dif-

ferent effective length is defined as:

LM

By, = [q)an(KL: 12 ft)] / [q)an(KL;t 12 ft)]

Hence, if a member does not have L = 12 ft or K = 1.0
then two linear transformations are required: 1) for the axial
load conversion due to the different effective length and 2)
for the bending moment conversion due to the deviation of
the member’s effective length from the graphical standard.
Since the conversion factors are based on the individual
member’s axial and flexural strength, a set of initial design
approximations was created (see Appendix B). These
approximations are an average of the exact values (see
Appendix D) and allow the use of the design aid without
previously knowing the member size, except for a target
group size such as W14,

As can be determined from the list in Appendix D, the
values of B, and B,,, vary within each group size. The
lighter members of each group size vary by a greater mar-
gin than the heavier members of a group. So the lighter
members were ignored when computing the average for the
design approximations of By, and B,,,. The design approx-
imations may be utilized for all member weights listed even
if it was not included in the average calculation of the
design approximation. The design approximations for
W14s includes members weighing 90 pounds per linear foot
(plf) to 730 plf. The design approximations for W12s
includes members weighing 53 plf to 336 plf. The design
approximations for W10s includes members weighing 49
plf to 112 plf. All W8s and W6s listed are included in the
calculation of the design approximations.

The author must caution the designer to confirm that the
design conditions, such as the effective slenderness ratio
and the lateral-torsional buckling criteria, for the graphical
standards, K =1.0, L =12 ft, and Fy = 50 ksi, are maintained
at the differing condition requiring the transformation. In
other words, verification that the effective slenderness ratio
remains below 200 and that the section maintains the same
lateral-torsional buckling criteria must be calculated for the
actual conditions. Furthermore, the unbraced length, L,
shall be considered equal to the effective length, KL.
Review Appendix E to see a listing of conditions where the
slenderness ratio would be exceeded for each conversion.

In summary, the tabulated values are for shapes typically
used as columns; however, this graphical approach may be
applied to all shapes provided that adherence to the graphi-
cal standards is maintained. The additional interaction dia-
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grams may be plotted along with the curves in Appendix D.
The graphical design method is limited to a combined load-
ing of an axial compressive force and a major-axis bending
moment because a graphical method for a column with
biaxial bending would require a three-dimensional graph,
one axis for the axial load and one axis each for the orthog-
onal bending moments.

PROPOSED DESIGN PROCEDURE

This graphical design procedure for a steel beam-column is
a precise method that incorporates the correct interaction of
a compressive axial load and a bending moment according
to the LRFD Specification. The procedure is as follows:

1. Given the effective length factor, K, and the member
length, L, find the appropriate design approximations
for B, and B,,, from Appendix B where:

By, = axial conversion factor

B, ,, = bending moment conversion factor
Note: The tabulated design approximations deviate
less than 10 percent from the true values for the major-
ity of the shapes in a given group classification such as
W14. Linear interpolation between the conversion
factors is valid with the difference being less than 0.5
percent from the true value.

2. Calculate P/ =B, X P,
Calculate Mu’ = B,,, x M
where:
P = factored axial load, kips
M , = factored bending moment, kip-ft
P = transformed axial load, kips
Mu' = transformed bending moment, kip-ft

3. Plot (M ”, P ") on the appropriate graph in Appendix D

and select a member whose interaction diagram lies
above and to the right of the plotted point.

4. Find the exact values of By, and B,,, from Appendix
C for the member selected.

5. Recalculate M " and P ".

6. Replot (M, P ) on the appropriate graph in Appendix
D to verify that the member selected is adequate.

7. Confirm the selected member is adequate with the
applicable provisions of the AISC LRFD
Specification.

ILLUSTRATIVE EXAMPLE

The following example demonstrates the application of the
proposed method. Note, the interaction calculation checks
use the actual unbraced length, L,, to determine the bending
moment.
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Example

Given the loading below, select the lightest W14 and
W12:

P, = 3,400 kips K=1.0
M = 650 kip-ft L=16ft
F = 50 ksi

Determine the design approximations for the W14 first
(Appendix B):

B,, =1.072
By, =1.007
Pu = BKL X Pu

= 1.072 x 3,400 = 3,640 kips
M/ =B, XM,
= 1.007 x 650 = 655 kip-ft

Plot the point (M /, P /) = (655, 3,640) on the appropriate

u’

graph in Appendix D.

From the plotted point, proceed up and to the right across
the page until the lightest W14 is found. Try W14x398.

Determine the exact values of By, and B, from
Appendix C:

B,, =1.066
By, =1.002
Pu = BKL X Pu

= 1.066 x 3,400 = 3,620 kips
M/ =B, XM,
=1.002 x 650 = 651 kip-ft

The transformed point plots to the left of the first point,
therefore select W14x398 again.

To confirm the procedure, verify the result by using
Equation H1-1a:

oP = 4,300 kips via the column tables, Part 3, LRFD
Manual, 2" Edition.

oM = 2997 kip-ft via Chapter F, Part 6, LRFD
Specification (December 1993).

Interaction Calculation = 0.983
Use W14x398.

Determine the design approximations for the W12
(Appendix B):

B, =1.131

B,, = 1.031

By inspection of the graphs, the largest W12 is located
down and to the left of the first plotted point. By inspection
of the design approximation tables, the B, and B,,, factors
are greater for a W12 than a W14. Therefore, it can be con-
cluded that no adequate W12 section exists.



CONCLUSION

A graphical design aid for beam-column members has been
presented. By utilizing a standard set of graphs conforming
to the interaction Equations H1-1a and HI1-1b and conver-
sion factors, most members can be designed accurately and
efficiently. The conversion factors allow many design con-
ditions to be made equivalent to the graphical standards and
facilitate the selection of a beam-column. This design
method is advantageous to design engineers performing
hand calculations or checking computer program results
because it expedites the design of a complex framing mem-
ber. Some advantages associated with this design proce-
dure are it reduces the number of calculations required
thereby reducing design time and cost and it is a more pre-
cise method based on the LRFD Specifications instead of an
equivalent axial load equation involving trial-and-error.
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APPENDIX A—NOTATION

¢, = resistance factor for flexure
¢. = resistance factor for compression

By, = axial conversion factor for effective length, KL, not
equal to 12 ft
B,,, = bending conversion factor for effective length, KL,

not equal to 12 ft

C, =bending coefficient dependent upon the moment gra-
dient between bracing points.

F, = specified minimum yield stress of the steel type
being analyzed, ksi

K = effective length factor for a prismatic member

l = unbraced length of member, in.

L =unbraced length of member, ft

L, = laterally unbraced length of member, ft

L =limiting laterally unbraced length of member for full
plastic bending capacity, ft

L = limiting laterally unbraced member length for
inelastic lateral-torsional buckling, ft

m = coefficient for converting bending to an approximate

equivalent axial load in columns subjected to com-
bined loading conditions

M, = nominal flexural strength, kip-ft

M, = required flexural strength, kip-ft

M, = transformed required flexural strength, kip-ft

P, =nominal axial strength (compression), kips

P, = required axial strength (compression), kips

P/ = transformed required axial strength (compression),
kips
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APPENDIX B—DESIGN APPROXIMATIONS OF B, AND B, ,,

B & B, Values (50 ksi)
KL (ft)
6.00 8.00 10.00 12.00 14.00
Shape By Biy By Biy By Biy By Biy By Biy
VWi4 0.935 1.000 0.952 1.000 0.973 1.000 1.000 1.000 1.033 1.001
VW2 0.888 0.990 0.916 0.990 0.953 0.992 1.000 1.000 1.059 1.015
VW10 0.845 0.971 0.883 0.971 0.9 0.979 1.000 1.000 1.084 1.022
W 0.736 0.917 0.796 0.935 0.882 0.966 1.000 1.000 1.161 1.037
Wh 0.807 0.874 0.691 0.912 0.816 0.9 1.000 1.000 1.271 1.051
B & B, Values (50 ksi)
KL (ft)
16.00 18.00 20.00 22.00 24.00
Shape By Biy By Biy By Biy By Biy By Biy
VWi4 1.072 1.007 1.118 1.015 1.172 1.023 1.235 1.032 1.308 1.041
VW2 1.131 1.031 1.220 1.047 1.327 1.064 1.457 1.082 1.615 1.101
VW10 1.190 1.045 1.323 1.069 1.489 1.0 1.698 1.121 1.959 1.149
W 1.383 1.077 1.668 1.125 2.029 1.190 2.456 1.261 2.922 1.343
Wh 1.656 1.107 2.096 1177 2.588 1.287 3.131 1416 3.727 1.560
B & B, Values (50 ksi)
KL (ft)
26.00 28.00 30.00 32.00 34.00
Shape By Biy By Biy By Biy By Biy By Biy
VWi4 1.392 1.050 1.489 1.059 1.601 1.069 1.730 1.078 1.879 1.088
VW2 1.806 1.121 2.029 1.148 2.206 1177 2.602 1.226 2.937 1.263
VW10 2.290 1.178 2.656 1.210 3.048 1.249 3.468 1.298 3.916 1.353
W 3.430 1435 3.978 1.534 4.566 1.634 51965 1.738 5.865 1.845
Wh 4.373 1.704 5.072 1.848 5823 1.990 6.625 2.132 7479 2.274
B & B, Values (50 ksi)
KL (ft)
36.00 38.00
Shape By Biy By Biy
VWi4 2.052 1.099 2.250 1.109
VW2 3.203 1.303 3.669 1.345
VW10 4.390 1410 4.891 1473
W 6.575 1.952 7.326 2.061
Wh 8.385 2416 9.342 2.557
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APPENDIX C—B,, AND B, ,, VALUES (50 ksi)

B,, and B, ., Values (S0 ksi}
ML (ft)
6.00 8.00 10.00 12.00 14.00

Shape By B, e B By B - B Bins B B
WHAX730 0950 1.000 0.962 1.000 0979 1.000 1.000 1.000 1.025 1000
WHAx665 09428 1.000 0.961 1.000 0979 1.000 1.000 1.000 1.026 1.000
V14605 0947 1.000 0.960 1.000 0972 1.000 1.000 1.000 1.027 1.000
WWdx550 0.945 1.000 0.959 1.000 0977 1.000 1.000 1.000 1.028 1.000
W 4x500 0.944 1.000 0.958 1.000 0.977 1.000 1.000 1.000 1.028 1.000
W dx455 0942 1.000 0.957 1.000 0976 1.000 1.000 1.000 1.029 1.000
W Ax426 0941 1.000 0.956 1.000 0976 1.000 1.000 1.000 1.029 1.000
Wil4x298 0.941 1.000 0.956 1.000 0975 1.000 1.000 1.000 1.030 1.000
Widx370 0.940 1.000 0.955 1.000 0975 1.000 1.000 1.000 1.030 1.000
Wdx242 0939 1.000 0.954 1.000 0.975 1.000 1.000 1.000 1.031 1.000
WH4x311 0932 1.000 0.952 1.000 0.974 1.000 1.000 1.000 1.032 1.000
WHAx283 0937 1.000 0.953 1.000 0974 1.000 1.000 1.000 1.032 1.000
W4x257 0936 1.000 0.952 1.000 0973 1.000 1.000 1.000 1.033 1.000
Wldx233 0935 1.000 0.951 1.000 0973 1.000 1.000 1.000 1.032 1.000
WAx211 0934 1.000 0.950 1.000 0.972 1.000 1.000 1.000 1.034 1.000
W4 192 0933 1.000 0.950 1.000 0972 1.000 1.000 1.000 1.034 1.000
WHAx176 0932 1.000 0.9 1.000 0972 1.000 1.000 1.000 1.034 1.000
W4 159 0931 1.000 0.9 1.000 0.971 1.000 1.000 1.000 1.035 1.000
WWldx 145 0931 1.000 0.¢MB 1.000 0971 1.000 1.000 1.000 1.035 1.000
Widx132 0923 1.000 0.2 1.000 0.968 1.000 1.000 1.000 1.039 1.006
W4 120 0922 1.000 0.2 1.000 0.967 1.000 1.000 1.000 1.040 1.007
WH4x 109 0922 1.000 0.941 1.000 0.967 1.000 1.000 1.000 1.040 1008
Wl 490 0921 1.000 0.1 1.000 0.967 1.000 1.000 1.000 1.041 1.000
WWldx90 0920 1.000 0.0 1.000 0.967 1.000 1.000 1.000 1.041 1.000
W52 0831 0.955 0.872 0955 0.927 0.971 1.000 1.000 1.092 1030
W74 0831 0.951 0.872 0.951 0.927 0.969 1.000 1.000 1.092 1.033
WHAxES 0829 0.M7 0.870 0.947 0.926 0.967 1.000 1.000 1.095 1035
W 4x61 0827 0.M3 0.869 0.942 0.926 0.965 1.000 1.000 1.096 1037
WWldx53 0735 0a3e 0.796 0912 0832 0.954 1.000 1.000 1.160 1.051
Wldx42 0732 0230 0.79%4 0.906 0821 0.951 1.000 1.000 1.162 1085
W2¢3236 0910 1.000 0.932 1.000 0.962 1.000 1.000 1.000 1.047 1.005
WH2¢205 0907 1.000 0.931 1.000 0.961 1.000 1.000 1.000 1.048 1.006
WH2x279 0905 1.000 0.929 1.000 0.960 1.000 1.000 1.000 1.049 1007
W2x262 0.903 0.999 0.927 0.999 0.959 0.999 1.000 1.000 1.050 1002
W 2x230 0.901 0.999 0.926 0.999 0.959 0.999 1.000 1.000 1.051 1002
W2¢210 0.900 0.992 0.925 0993 0.958 0.992 1.000 1.000 1.052 1.009
WH2¢190 0292 0.997 0.922 0.997 0.957 0.997 1.000 1.000 1.052 1010
WH2¢170 0896 0997 0.922 0.997 0.956 0.997 1.000 1.000 1.054 1011
W2 152 0389 0.996 0.921 0.996 0.955 0.996 1.000 1.000 1.065 1012
Wi2x136 0292 0994 0.919 094 0.955 0994 1.000 1.000 1.056 1014
W2¢120 0890 0.993 0.918 0993 0.954 0.993 1.000 1.000 1.057 1016
WH2¢106 0829 0.991 0.917 0.991 0.953 0.991 1.000 1.000 1.058 1018
W 2x96 0888 0.990 0.916 0.990 0953 0.990 1.000 1.000 1.059 1019
W 287 0356 0.9a8 0.915 0.993 0.952 0982 1.000 1.000 1.060 1021
W79 0825 0.936 0.93 0.996 0.951 0.926 1.000 1.000 1.061 1023
WI2¢72 0854 0.9a5 0.913 0985 0.951 0.985 1.000 1.000 1.061 1025
WH2x65 0883 1.000 0.912 1.000 0.950 1.000 1.000 1.000 1.062 1.000
WH2ES 0835 0952 0.875 0952 0929 0.969 1.000 1.000 1.091 1033
W 253 03831 0.M7 0.872 0.947 0.927 0.967 1.000 1.000 1.002 1036
W 2x50 0744 0.902 0.203 0921 0.826 0.959 1.000 1.000 1.153 1045
W2¢45 0739 05893 0.799 0914 0884 0.955 1.000 1.000 1.157 1049
W 2440 0737 0824 0.798 0.908 0883 0.952 1.000 1.000 1.158 1.053
WHOx112 0854 0933 0.889 0933 0928 0.987 1.000 1.000 1.079 1014
W 0x 100 0851 0.930 0.887 0.930 0.926 0.985 1.000 1.000 1.081 1016
WIOxE2 0242 0977 0.885 0977 0.925 09283 1.000 1.000 1.022 1012
WIOXT7 0245 0973 0.823 0973 0.934 0.921 1.000 1.000 1.084 1020
WIOxES 0844 0.969 0.882 0.969 0.923 0.978 1.000 1.000 1.085 1023
WHOxE0 0842 0.965 0.880 0.965 0932 0.976 1.000 1.000 1.086 1026
W54 0841 0.961 0.879 0.961 0922 0.973 1.000 1.000 1.087 1028
WIOx49 0823 0.957 0.878 0.957 0.921 0.971 1.000 1.000 1.029 1031
WOx45 0.755 0;me 0.212 0932 0292 0.965 1.000 1.000 1.145 1032
WOx29 0742 0.906 0.807 0923 0.889 0.960 1.000 1.000 1.150 1044
WHOx33 0.739 0839 0.799 0911 0.884 0.954 1.000 1.000 1.157 1.051
WBx67 0776 0959 0.829 0.964 0.902 0.981 1.000 1.000 1.130 1019
W62 0773 0953 0.226 0.953 0.900 0.979 1.000 1.000 1.132 1022
Wiled 2 0.769 0.M3 0.823 0.950 0292 0974 1.000 1.000 1.135 1027
W40 0.761 0.929 0.217 0.940 0.895 0.969 1.000 1.000 1.141 1033
W35 0.759 0.920 0.815 09323 0.894 0.965 1.000 1.000 1.142 1.037
W31 0757 0om2 0813 0926 0893 0.962 1.000 1.000 1.144 1042
W2 0642 03869 0.725 0.909 0838 0952 1.000 1.000 1.232 1053
W24 0645 0854 0723 0.297 0226 0.6 1.000 1.000 1.235 1.061
WEx25 0611 0836 0.694 0921 0818 0.959 1.000 1.000 1.267 1045
WBx20 0603 0862 0.688 0.903 0514 0.949 1.000 1.000 1.275 1057
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APPENDIX C—B,, AND B, ,, VALUES (50 ksi) (cont’d)

B,, and B, ., Values (S0 ksi}
ML (ft)
6.00 8.00 10.00 12.00 14.00

Shape By [- ) B [ 37 B B i B Bins B Br
WHAX730 0950 1.000 0.962 1.000 0979 1.000 1.000 1.000 1.025 1000
WHAxE65 09428 1.000 0.961 1.000 0979 1.000 1.000 1.000 1.026 1.000
WW4x605 0947 1.000 0.960 1.000 0972 1.000 1.000 1.000 1.027 1.000
Wdx550 0.945 1.000 0.959 1.000 0977 1.000 1.000 1.000 1.028 1.000
W 4x500 0.944 1.000 0.958 1.000 0.977 1.000 1.000 1.000 1.028 1.000
WHdx455 0.942 1.000 0.957 1.000 0.976 1.000 1.000 1.000 1.029 1.000
WHAx426 0941 1.000 0.956 1.000 0976 1.000 1.000 1.000 1.029 1.000
Wl4x398 0911 1.000 0.956 1.000 0975 1.000 1.000 1.000 1.030 1.000
Widx370 0.940 1.000 0.955 1.000 0975 1.000 1.000 1.000 1.030 1.000
WHAx242 0939 1.000 0.954 1.000 0.975 1.000 1.000 1.000 1.031 1.000
WH4Ax311 0932 1.000 0.952 1.000 0.974 1.000 1.000 1.000 1.032 1.000
WHAx283 0937 1.000 0.953 1.000 0974 1.000 1.000 1.000 1.032 1.000
W4x257 0936 1.000 0.952 1.000 0973 1.000 1.000 1.000 1.033 1.000
WWldx233 0935 1.000 0.951 1.000 0973 1.000 1.000 1.000 1.032 1.000
WAx211 0934 1.000 0.950 1.000 0972 1.000 1.000 1.000 1.034 1.000
WA 192 0933 1.000 0.950 1.000 0.972 1.000 1.000 1.000 1.034 1.000
WA 176 0932 1.000 0.9 1.000 0972 1.000 1.000 1.000 1.034 1.000
W4 159 0931 1.000 0.9 1.000 0.971 1.000 1.000 1.000 1.035 1.000
WWidx 145 0931 1.000 0.¢MB 1.000 0971 1.000 1.000 1.000 1.035 1.000
WA 132 0923 1.000 0.2 1.000 0.968 1.000 1.000 1.000 1.039 1.006
WH4x 120 0922 1.000 0.2 1.000 0.967 1.000 1.000 1.000 1.040 1.007
WH4x 109 0922 1.000 0.941 1.000 0.967 1.000 1.000 1.000 1.040 1008
Wl 490 0921 1.000 0.1 1.000 0.967 1.000 1.000 1.000 1.041 1.000
WW4x90 0920 1.000 0.0 1.000 0.967 1.000 1.000 1.000 1.041 1.000
W42 0831 0.955 0.872 0.955 0.927 0.971 1.000 1.000 1.092 1030
W74 0831 0.951 0.872 0951 0.927 0.969 1.000 1.000 1.092 1033
WHAxES 0829 0.M7 0.870 0947 0.926 0.967 1.000 1.000 1.095 1035
WH4Ax61 0827 0.M3 0.869 0942 0.926 0.965 1.000 1.000 1.096 1037
WWdx53 0735 0a3e 0.796 0912 0832 0.954 1.000 1.000 1.160 1.051
WWidx42 0732 0230 0.79%4 0.906 0821 0.951 1.000 1.000 1.162 1085
W2¢3236 0910 1.000 0.932 1.000 0.962 1.000 1.000 1.000 1.047 1.005
WH2¢205 0907 1.000 0.931 1.000 0.961 1.000 1.000 1.000 1.048 1.006
WH2x279 0905 1.000 0.929 1.000 0.960 1.000 1.000 1.000 1.049 1007
W2x262 0903 0.999 0.927 0.999 0.959 0.999 1.000 1.000 1.050 1002
WI2x230 0901 0.999 0.926 0.999 0.959 0.999 1.000 1.000 1.051 1002
WH2¢210 0.900 0.998 0.925 0993 0.958 0.992 1.000 1.000 1.052 1.009
WH2¢190 0892 0.997 0.922 0.997 0.957 0.997 1.000 1.000 1.052 1010
WH2x170 0896 0997 0.922 0.997 0.956 0.997 1.000 1.000 1.054 1011
W2 152 0389 0.996 0.921 0.996 0.955 0.996 1.000 1.000 1.065 1012
WI2¢136 0292 0.9 0.919 0.9 0.955 0.994 1.000 1.000 1.056 1014
WH2¢120 0290 0.993 0.918 0993 0.954 0.993 1.000 1.000 1.057 1016
WH2¢106 0889 0.991 0.M17 0.991 0.953 0.991 1.000 1.000 1.058 1018
WH2x96 0888 0.990 0.916 0.990 0953 0.990 1.000 1.000 1.059 1019
W 287 0386 0.9a8 0.915 0.993 0.952 0.988 1.000 1.000 1.060 1021
W79 0825 0.9236 0.93 0.936 0.951 0.9286 1.000 1.000 1.061 1023
WI2¢72 0854 0.9a5 0.913 0985 0.951 0.985 1.000 1.000 1.061 1025
WH2xE5 0883 1.000 0.912 1.000 0.950 1.000 1.000 1.000 1.062 1.000
WH2xES 0835 0952 0.875 0952 0929 0.969 1.000 1.000 1.091 1033
W53 03831 0.M7 0.872 0.947 0.927 0.967 1.000 1.000 1.003 1036
W 2x50 0744 0.902 0.203 0921 0.826 0.959 1.000 1.000 1.153 1045
W 2x45 0739 0593 0.799 0914 0834 0.955 1.000 1.000 1.157 1049
WH2¢40 0737 0.a24 0.798 0.903 0.883 0.952 1.000 1.000 1.158 1053
WHOx112 0854 0933 0.889 0933 0928 0.987 1.000 1.000 1.079 1014
WHOx 100 0851 0930 0.887 0.930 0.926 0.985 1.000 1.000 1.081 1016
WIOxE2 0242 0977 0.885 0977 0.925 09283 1.000 1.000 1.022 1012
WIOXT7 0245 0973 0.823 0973 0.934 0.921 1.000 1.000 1.084 1020
WIOxES 0544 0.969 0.882 0.969 0.923 0.9728 1.000 1.000 1.085 1023
WHOxE0 0842 0.965 0.880 0.965 0932 0.976 1.000 1.000 1.086 1026
WHOx54 0841 0.961 0.879 0.961 0922 0.973 1.000 1.000 1.087 1028
WI0x49 03832 0.957 0.878 0.957 0.931 0.971 1.000 1.000 1.029 1031
WIOx45 0755 ome 0.212 0932 0.292 0.965 1.000 1.000 1.145 1032
WOx29 0742 0.906 0.807 0923 0.889 0.960 1.000 1.000 1.150 1044
WHOx33 0739 0839 0.799 0911 0.884 0.954 1.000 1.000 1.157 1.051
WBx67 0776 0959 0.829 0.964 0.902 0.981 1.000 1.000 1.130 1019
W62 0773 0953 0.226 0.953 0.900 0.979 1.000 1.000 1.132 1022
Viled 2 0769 0.M3 0.823 0.950 0292 0974 1.000 1.000 1.135 1027
W40 0.761 0.929 0.217 0.940 0.895 0.969 1.000 1.000 1.141 1033
W35 0.759 0.920 0.815 09323 0.894 0.965 1.000 1.000 1.142 1.037
W31 0757 0M2 0813 0926 0893 0.962 1.000 1.000 1.144 1042
W2 0642 0369 0.725 0.909 0838 0.952 1.000 1.000 1232 1053
W24 0645 0854 0723 0.297 0226 0.6 1.000 1.000 1.235 1.061
WEx25 0611 0836 0.694 0921 0818 0.959 1.000 1.000 1.267 1045
WiBx20 0603 0862 0.688 0.903 0514 0.49 1.000 1.000 1.275 1057
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APPENDIX C—B,, AND B, ,, VALUES (50 ksi) (cont’d)

B, and B,,; Values [50 ksi)
KL [ft)
6.00 8.00 10.00 12.00 14.00

Shape B By B B e Br Benr B By B B s
WHAX720 0950 1.000 0.962 1.000 0979 1.000 1.000 1.000 1.025 1.000
W 4665 0943 1.000 0.961 1.000 0.979 1.000 1.000 1.000 1.026 1.000
V14605 0947 1.000 0.960 1.000 0978 1.000 1.000 1.000 1.027 1.000
V4550 0.945 1.000 0.959 1.000 0977 1.000 1.000 1.000 1.028 1.000
W 4x500 0.4 1.000 0.958 1.000 0977 1.000 1.000 1.000 1.028 1.000
Wi 4x455 0942 1.000 0.957 1.000 0976 1.000 1.000 1.000 1.029 1.000
W Ax426 0941 1.000 0.956 1.000 0976 1.000 1.000 1.000 1.029 1.000
V14292 091 1.000 0.956 1.000 0975 1.000 1.000 1.000 1.030 1.000
VW 4x370 0.940 1.000 0.955 1.000 0.975 1.000 1.000 1.000 1.030 1.000
W4x242 0939 1.000 0.954 1.000 0.975 1.000 1.000 1.000 1.031 1.000
Wi 4311 0932 1.000 0.953 1.000 0.974 1.000 1.000 1.000 1.032 1.000
W 4283 0937 1.000 0.953 1.000 0974 1.000 1.000 1.000 1.032 1.000
VW4 257 0936 1.000 0.952 1.000 0973 1.000 1.000 1.000 1.033 1.000
V14233 0935 1.000 0.951 1.000 0973 1.000 1.000 1.000 1.032 1.000
W4x211 0934 1.000 0.950 1.000 0972 1.000 1.000 1.000 1.034 1.000
Wi 4193 0933 1.000 0.950 1.000 0972 1.000 1.000 1.000 1.034 1.000
WA 176 0932 1.000 0.9 1.000 0972 1.000 1.000 1.000 1.034 1.000
VW4 159 0931 1.000 0.9 1.000 0971 1.000 1.000 1.000 1.0385 1.000
VWldx145 0931 1.000 o.Mz 1.000 0971 1.000 1.000 1.000 1.035 1.000
Widx132 0923 1.000 0.2 1.000 0.968 1.000 1.000 1.000 1.039 1.006
W4 120 0922 1.000 0.442 1.000 0.967 1.000 1.000 1.000 1.040 1.007
W 4x 109 0922 1.000 0.1 1.000 0.967 1.000 1.000 1.000 1.040 1008
V499 0921 1.000 0.1 1.000 0.967 1.000 1.000 1.000 1.041 1.000
V1490 0920 1.000 0.0 1.000 0.967 1.000 1.000 1.000 1.041 1.000
W52 0831 0955 0.872 0.955 0.927 0.971 1.000 1.000 1.092 1.030
W74 0831 0.951 0.872 0.951 0.927 0.969 1.000 1.000 1.093 1.033
W 4xE8 0829 047 0.870 0.947 0926 0.967 1.000 1.000 1.095 1035
Wi 4x61 0827 03 0.869 0.943 0.926 0.965 1.000 1.000 1.096 1037
VW 4x53 0735 oase 0.796 0912 0822 0.954 1.000 1.000 1.160 1.051
VWl 4x4 0732 0820 0.79%4 0.906 0821 0.951 1.000 1.000 1.162 1.055
W 24226 0910 1.000 0.932 1.000 0.962 1.000 1.000 1.000 1.047 1.005
W 24205 0907 1.000 0.931 1.000 0.961 1.000 1.000 1.000 1.048 1.006
W 2279 0905 1.000 0.929 1.000 0.960 1.000 1.000 1.000 1.049 1.007
VW 2252 0903 0.999 0.927 0999 0.959 0.999 1.000 1.000 1.050 1.002
VW1 2¢230 0.901 0.999 0.926 0.999 0.959 0.999 1.000 1.000 1.051 1.002
W2<210 0.900 0992 0.925 0.99% 0.958 0.992 1.000 1.000 1.062 1.009
W 24190 089 0.997 0.923 0.997 0.957 0.997 1.000 1.000 1.052 1.010
WH 2170 0896 0997 0.922 09497 0.956 0.997 1.000 1.000 1.054 1011
Wi2x152 089 0.996 0.921 0.99 0.985 0.996 1.000 1.000 1.065 1012
W 2136 0292 0994 0.919 094 0.955 0.994 1.000 1.000 1.056 1014
W2¢120 058950 0.993 0.918 0.993 0.954 0.993 1.000 1.000 1.067 1016
W 24106 08589 0.991 0.917 0.991 09532 0.991 1.000 1.000 1.058 1018
Wi 296 0883 0990 0916 0.990 0953 0.990 1.000 1.000 1.059 1019
VW1 287 038586 o.gae 0.915 092 0952 0.9828 1.000 1.000 1.060 1021
W 279 0885 0926 0.913 0.9:6 0951 0.926 1.000 1.000 1.061 1023
W 272 0854 0.oas 0.913 0.985 0951 0.985 1.000 1.000 1.061 1025
W 2465 0883 1.000 0.912 1.000 0.950 1.000 1.000 1.000 1.062 1.000
W 2¢58 0835 0952 0875 0952 0929 0.969 1.000 1.000 1.091 1033
VW 253 0831 0.M7 0872 0.947 0.927 0.967 1.000 1.000 1.093 1036
VW1 250 0744 0.902 0.203 0921 0.826 0.959 1.000 1.000 1.153 1.045
W 2445 0739 0893 0.799 0914 0884 0.955 1.000 1.000 1.157 1.049
W 2440 0737 0884 0.798 0.908 04883 0.952 1.000 1.000 1.158 1.053
WHOx112 0854 0983 0889 0983 0938 0.987 1.000 1.000 1.079 1014
W 0100 0851 0980 0887 0.980 0926 0.985 1.000 1.000 1.081 1016
VW1 O3 0242 0977 0.8285 0977 0925 0.923 1.000 1.000 1.022 1012
W OXT7 03845 0973 0.823 0973 0.924 0.921 1.000 1.000 1.084 1020
W OxER 05844 0.969 0.882 0.969 0933 0.972 1.000 1.000 1.085 1023
W Ox60 05842 0965 0.880 0.965 0932 0.976 1.000 1.000 1.086 1026
Wi 054 0841 0961 0879 0.961 0932 0.973 1.000 1.000 1.087 1028
VW1 0x49 0823 0957 0.a272 0957 0921 0.971 1.000 1.000 1.029 1.031
VW1 Oxd5 0.755 o/me 0.212 0.932 0292 0.965 1.000 1.000 1.145 1032
W 029 0742 0.906 0.807 0923 0.829 0.960 1.000 1.000 1.150 1.044
W 0323 0739 0889 0.799 0.911 0.884 0.954 1.000 1.000 1.157 1.051
WBx67 0776 0959 0529 0.964 0.902 0.981 1.000 1.000 1.130 1019
ViExas 0773 0953 0.226 0952 0.900 0.979 1.000 1.000 1.132 1022
V42 0.769 0943 0.823 0.950 0293 0.974 1.000 1.000 1.135 1027
WVilied0 0.761 0.9529 0.217 0.940 0.895 0.969 1.000 1.000 1.141 1033
W35 0.759 0.920 0.815 0.933 0.894 0.965 1.000 1.000 1.142 1.037
WiBx31 0757 0M2 0813 0926 0893 0.962 1.000 1.000 1.144 1042
V2R 0642 0369 0.725 0.909 0238 0.952 1.000 1.000 1.232 1053
V24 0645 0854 0723 08297 0.226 0.M6 1.000 1.000 1.235 1.061
WEBx25 0611 0886 0.694 0.921 0a18 0.959 1.000 1.000 1.267 1045
WBx20 0603 0862 0.688 0.903 0514 0.949 1.000 1.000 1.275 1057
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APPENDIX C—B,, AND B, ,, VALUES (50 ksi) (cont’d)

B, and B,y Values (50 ksi)
KL {ft)
36.00 38.00

Shape B By B Biu
WI4x730 1736 1.034 1.863 1.038
WI4x665 1.765 1.038 1.889 1.042
WI14x605 1.797 1.041 1.837 1.045
WI4x550 1.825 1.045 1.872 1.080
WI14x500 1.885 1.080 2.008 1.0685
WI4x455 1.882 1.04 2.041 1.088
WI14x426 1.904 1.058 2.088 1.084
Wi14x3e8 1.821 1.082 2.089 1.068
WI4x370 1.945 1.0688 2118 1.073
WI4x342 1.983 1.071 2141 1.079
WI4x311 1.989 1.079 2173 1.087
WI14x283 2.009 1.087 2197 1.086
WIA257 2.036 1.087 2231 1.107
WI14x233 2.058 1.108 2257 1.119
WI4x211 2.080 1.120 2.285 1.133
WI4x183 2.0e5 1.133 2304 1.147
WI14x176 2118 1.148 2333 1.164
WI4x158 2134 1.166 2355 1.184
WI14x145 2151 1.183 2376 1.203
WI4x132 2362 1.217 2632 1.241
WI4x120 2385 1.243 2657 1.270
WI4x109 2.286 1.268 2,670 1.300
WWI4xSs8 2419 1.000 2,695 1.000
W4xS0 2.431 1.000 2,708 1.000
WH4x82 4724 1.658 5263 1.807
WI4x74 4724 1.820 5263 1.938
W4x68 4781 1.948 5328 2.078
W4x61 4.811 2103 5380 2246
WI4x53 6.684 2575 7.447 2732
W14x48 6725 2767 7.453 2947
WI2x338 2722 1.077 3033 1.084
WI2x305 2792 1.085 3111 1.083
WI2x279 2.850 1.083 3175 1.101
WI2x252 2,608 1.103 3241 1.112
WI2x230 2,855 1.111 3252 1.122
WI2x210 3.001 1.122 334 1.134
WI2x180 3.049 1.136 337 1.148
WI2x170 3.028 1.153 3451 1.167
WI2x152 3147 1.174 3507 1.191
WI2x138 3188 1.188 3584 1.218
WI2x120 3280 1.228 3622 1.282
WI2x108 3286 1.265 3681 1.2€3
WI2x96 3322 1.287 3701 1.330
WI2x87 338 1.336 3742 1.374
WI2x79 335 1.386 3783 1.479
WI2x72 3M4 1.487 3804 1.589
WI2x65 3452 1.588 3.846 1.710
WI2x58 4,638 1.882 5168 2008
WI2x53 4724 2021 5263 2158
WI2x50 6521 2318 7.266 24683
WI2x45 6602 2518 7.356 2679
WI2x40 6643 273% 7.401 2913
WIOx112 4.191 1.1€5 4,689 1.215
WIOx100 4.266 1.225 4753 1.249
WIOx88 42317 1.262 4.809 1.280
WIOX77 4324 1.312 4.896 1.347
WIOxe8 4.421 1.365 48925 1.449
WIOxe0 4474 1.908 4985 1.603
WIOxs4 4501 1.640 5015 1.744
WIOx48 4585 1.768 5075 1.884
WIOx45 6322 2.028 7.044 2153
WIOX38 6441 2281 7177 2423
WIOX33 6602 2628 7.356 2757
WBXS7 5803 1.263 6577 1.325
WBX58 5977 1.363 6.680 1.414
W48 6.052 1.562 6743 1.663
WBx40 6.205 1.832 6914 1.942
WBX35 6.244 2.024 6.557 2148
V31 6.283 2215 7.000 2352
W28 7.949 2521 8.857 2671
W24 7.820 2814 8.803 2985
WBx25 8347 2210 9301 2337
WEx20 8422 2 9384 2.776
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)

M, in kip-ft)

ips,

in k

u

P

- 32
oL
44
0071
08¢l
+09€L
F0veEL
~0z€eL
r00€L
0821
-09Z1
r0veL
rozzL
-00ZL
-08LL
0911
3
2 2
. L09LL FovLL
7+;% LoviL rozLh
-0CLL 0041
r00LL 0891
0801 0991
0901 r0¥9L
r0v0L 029l
0201 0091
0001 0851
+086 0951
096 r0vGL
r0v6 +02s1L
026 +00GL
006 r08¥L
r088 r09¥L

160 =

Pu

5801 -

160 =

ENGINEERING JOURNAL / THIRD QUARTER /2000 115



kip-ft)

m
u

M

ips,

in k

u

APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX D—STANDARD GRAPHS OF INTERACTION DIAGRAMS (cont’d)
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APPENDIX E—KI/r VERIFICATIONS

Kiir Calculations
KL (ft}

Shape 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00
WW14x730 154 2048 256 any 358 409 461 a1.2 a6 .3 G1.4 6.5
WldwhRS 158 ana 260 312 36 4 4156 4R B 518 a7 1 f2 3 f7 &
W1dwB05 15.8 211 264 31 B 36.9 422 475 527 580 £33 GagB
W14x850 16.0 214 2687 321 a4 448 481 3.8 8.8 641 G35
W1d=500 16.3 nT 271 325 379 433 488 542 596 G5.0 704
W1dwd 55 164 218 274 329 8.4 438 493 548 G0.3 G5.8 712
W4 26 16.6 221 276 33z 387 442 498 453 608 GA.4 718
W1dx398 16.7 223 78 334 39.0 44 5 501 557 G1.3 GG.8 724
W14=370 16.9 225 281 337 39.3 450 a0.6 552 G1.8 G7.4 73
W 1434 2 17.0 228 283 340 39.6 453 a0g 456 623 G7.9 736
W 14311 171 ] 286 343 40.0 457 514 571 G209 G3.6 743
W14=283 17.3 230 288 345 40.3 48.0 518 576 B33 £a.1 748
WW14x257 174 232 LR 349 40.7 4688 423 481 G319 Ga.7 748
W1dx233 178 234 283 351 41.0 46.8 527 585 B4 4 70.2 761
W 14211 177 236 285 354 41.3 472 531 580 G40 70.8 TBT
W14x193 17.8 237 296 356 41.48 474 433 4.3 Ba .2 711 7ro
Wldx176 17.9 234 299 358 41.8 478 537 587 G57 71.6 7B
W1dw158 18.0 240 aono 6.0 42.0 48.0 540 GO0.0 GE.0 720 7a.0
W14x145 18.1 241 oz 382 42.2 48.2 543 BO0.3 BE .3 2.4 734
W1dx132 181 255 18 383 447 511 a7 4 SR oz 76.6 830
W1dx120 18.3 487 321 384 449 513 a7 8 f4.2 706 770 834
W4x108 18.3 a7 322 336 45.0 8148 a7y g4.3 708 772 836
W19 184 254 323 388 453 518 582 G477 712 7.6 841
W 1480 18.5 254 324 a9 45.4 518 84 f4.9 714 778 84.3
W42 290 a7 484 81 B7.7 7i4 ar.1 958 106.4 161 12518
W17 290 /T 484 581 G7.7 T4 a7.1 958 106.5 161 1258
Wi 1468 293 390 484 8.8 6a.3 7a.0 ara Q76 107.3 171 1268
W45 294 39z 490 288 63.6 734 aa.z 980 107 .4 178 1273
W 1453 Er] 0.0 G258 750 87.5 100.0 125 1250 1375 150.0 162.5
Wi 1448 T a0.3 G2.8 7a4 8a.0 10058 131 1257 1382 150.8 1634
W1 2336 207 e 346 414 48.4 833 g2.2 GH.2 781 830 894
W1 2305 211 281 351 421 451 561 G332 702 T2 84.2 912
W22 7H 213 284 3558 42 f 49.7 568 G349 710 a1 832 523
W1 D252 218 T 359 431 a0.3 8748 g4.7 718 730 8E.2 534
W1 2230 218 290 363 435 50.8 g8.0 G5.3 728 798 87.0 843
W12x210 220 293 A6 6 434 51.2 588 G549 732 a0.s a7.8 531
W1 2190 22737 2945 Elage] 44 3 1.7 891 GBS 738 a1z 836 98.0
W1 2170 224 298 ara 44 7 522 g9 G7.1 748 820 89.4 468
W1 2152 228 3o 76 451 2.7 BO.2 g7.7 782 azs 50.3 478
W12x136 228 04 380 45 7 532 BO.8 g2 .4 758 235 911 937
W1 2120 230 anT 383 A0 537 51.3 ga.0 TEY 313 520 597
W1 2106 2332 ang I8 6 46.3 4.0 51.7 G9.5 TT2 849 5926 100.3
W1 2xHE 233 Kl 388 45 & o4.4 521 G99 N 254 532 101.0
W1 28T 235 .3 EER A6 .4 4.7 525 04 7B2 860 538 1016
W1 2T 238 A 383 47 2 551 530 708 TBY a6 6 44 4 102.3
W1 T 237 AR KR 47 4 5573 F3 2 11 TBA Af B G4 7 102 A
W1 25 238 8 =i 477 556 B3kE 1A 7HE ar4d 954 103.3
W1 258 287 |z 478 ar 4 G6.9 788 861 956 1082 147 124 3
W13 290 amT 484 81 G7 7 T4 A7 1 95 B 106 5 161 125 8
W1 20 367 4590 12 738 85.7 530 1102 1224 1347 146.49 1582
W12 v 495 G119 42 86.6 §9.0 11.3 1237 1361 148.5 160.8
W1 ar3 497 F2 2 4R a7 0 H9 5 114 124 4 136 & 1482 1617
W 0112 264 LR 448 537 527 716 a0.6 2386 a3 5 107.5 164
WOx100 2732 362 453 543 G3.4 7i8 a1.a 0.6 99 5 1087 1M7.7
WA 274 365 45 F 54 8 F34 730 a2 1 913 1004 1na.5 118 A
W OT T 277 364 462 954 54.6 738 2331 923 1015 10.8 1200
W1 0B8R 278 ari 46.3 95 6 G4.9 741 34 Q27 1014 11.2 1208
W TR |0 ar4 AR 7 a6 0 f5 4 4T a40 934 1027 121 1214
W1 D5 281 ars 464 6.3 656 750 a4 .4 938 1031 125 1214
W e 9 283 ara 472 6.7 GA.1 746 as0 Q4.5 1054 113.4 1228
Wl 5 58 47 8 a8 7 716 B3 6 Ha & 107 5 1194 1313 1433 1652
W1 039 64 488 GOB F2F 84.8 §7.0 1091 1212 133.3 145.5 157 6
W1 033 v 495 G159 42 86.6 §9.0 111.3 1237 1361 148.5 160.8
WERT 340 453 a6 B B7 9 a2 HO R 1m A 132 124 5 1358 147 2
WEREE 343 457 571 Ba B 80.0 8914 1024 114.3 1257 1371 148 6
WWExdE 348 46.2 ary ga.2 80.8 823 1038 1154 1264 138.5 1500
W0 353 471 S8 8 06 A2 4 L 1ns4 117 R 128 4 1412 1524
W3S 5.5 473 R 709 828 845 106 4 1182 1300 141.9 1537
WExa1 Kl 478 a9.4 713 832 830 10649 1184 1307 1426 154 48
WEZR 44 4 593 T4 el el msy 1185 1333 1481 1630 177 8 192 A
W B2 44 7 596 745 9.4 104 .3 183 1342 1491 164.0 178.9 1938
Vx2S 474 G3.2 789 947 104 126.3 1421 1574 173.7 189.5 2053
W0 451 G 11 700 95 1 112 .0 1281 144 (1 R0 176 01 192 1 208 0

Note: Shading indicates KI/r greater than 200.
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APPENDIX E—KI/r VERIFICATIONS (cont’d)

Kilr Calculations
KL {ft)

Shape 28.00 30.00 32.00 34.00 36.00 38.00
W14x730 71.6 76.8 81.9 87.0 92.1 97.2
W14x665 727 77.9 83.1 88.3 93.5 98.7
W14x605 738 791 844 89.7 94.9 100.2
W14x550 74.8 80.2 855 90.9 96.2 101.6
W14x500 75.8 81.3 86.7 92.1 97.5 102.9
W14x455 76.7 822 87.7 93.2 98.6 104.1
W14x426 774 329 885 94.0 99.5 105.1
W14x398 78.0 835 89.1 94.7 100.2 105.8
W14x370 787 24.3 89.9 95.6 101.2 106.8
W14x342 79.2 84.9 90.6 96.2 101.9 107.5
W14x311 80.0 85.7 914 97.1 102.9 108.6
W14x283 80.6 86.3 921 97.8 103.6 109.4
W14x257 814 87.2 93.0 98.8 104.6 110.4
W14x233 82.0 87.8 937 99.5 105.4 111.2
W14x211 826 835 94.3 100.2 106.1 112.0
W14x193 83.0 83.9 94.8 100.7 106.7 1126
W14x176 836 89.6 95.5 101.5 107.5 1134
W14x159 84.0 90.0 96.0 102.0 108.0 114.0
W14x145 844 90.5 96.5 1025 108.5 114.6
W14x132 894 95.7 1021 108.5 114.9 121.3
W14x120 89.8 96.3 102.7 109.1 115.5 121.9
W14x109 90.1 96.5 102.9 109.4 115.8 1223
W14x99 90.6 97.0 1035 110.0 116.4 1229
W14x90 90.8 97.3 103.8 110.3 116.8 123.2
W14x82 1355 145.2 154.8 164.5 174.2 183.9
W14x74 1355 145.2 154.8 164.5 174.2 183.9
W14x68 136.6 146.3 156.1 165.9 175.6 1854
W14x61 137.1 146.9 156.7 166.5 176.3 186.1
W14x53 175.0 1875 200.0 2125 2250 2375
W14x48 175.9 1885 201.0 213.6 226.2 238.7
W12x336 96.8 103.7 110.7 117.6 124.5 1314
W12x305 98.2 105.3 112.3 119.3 126.3 133.3
W12x279 994 106.5 113.6 120.7 127.8 134.9
W12x252 100.6 107.8 115.0 122.2 129.3 136.5
W12x230 1015 108.8 116.0 123.3 130.5 137.8
W12x210 1024 109.8 1171 124.4 131.7 139.0
W12x190 1034 110.8 118.2 1255 132.9 140.3
W12x170 104.3 111.8 119.3 126.7 134.2 141.6
W12x152 105.3 1129 1204 127.9 135.4 142.9
W12x136 106.3 113.9 1215 129.1 136.7 144.3
W12x120 107.3 115.0 1227 1304 138.0 145.7
W12x106 108.0 115.8 1235 131.2 138.9 146.6
W12x96 108.7 116.5 124.3 132.0 139.8 147.6
W12x87 1094 117.3 1251 132.9 140.7 148.5
W12x79 110.2 118.0 125.9 133.8 141.6 149.5
W12x72 1105 1184 126.3 134.2 142.1 150.0
W12x65 111.3 119.2 127.2 135.1 143.0 151.0
W12x58 133.9 143.4 153.0 1625 1721 181.7
W12x53 1355 145.2 154.8 164.5 174.2 183.9
W12x50 1714 183.7 195.9 208.2 2204 232.7
W12x45 173.2 185.6 197.9 210.3 2227 235.1
W12x40 174.1 186.5 199.0 211.4 2238 236.3
W10x112 1254 134.3 143.3 152.2 161.2 1701
W10x100 126.8 135.8 144.9 154.0 163.0 1721
W10x88 127.8 136.9 146.0 155.1 164.3 173.4
W10x77 129.2 1385 147.7 156.9 166.2 175.4
W10x68 129.7 139.0 148.3 157.5 166.8 176.1
W10x60 130.7 140.1 1494 158.8 168.1 1774
W10x54 131.3 140.6 150.0 159.4 168.8 178.1
W10x49 132.3 141.7 151.2 160.6 170.1 179.5
W10x45 167.2 1791 191.0 203.0 214.9 226.9
W10x39 169.7 181.8 193.9 206.1 218.2 230.3
W10x33 173.2 185.6 197.9 210.3 2227 235.1
W8x67 158.5 169.8 1811 1925 203.8 215.1
Wax58 160.0 171.4 182.9 194.3 205.7 2171
W8x48 1615 1731 184.6 196.2 207.7 219.2
W8x40 164.7 176.5 188.2 200.0 211.8 2235
W8x35 165.5 177.3 189.2 201.0 21238 224.6
W8x31 166.3 178.2 190.1 202.0 213.9 225.7
Wax28 207 4 2222 237.0 251.9 266.7 281.5
W8x24 208.7 223.6 2385 253.4 268.3 283.2
W6x25 221.1 236.8 2526 268.4 284.2 300.0
W6Ex20 224.0 240.0 256.0 272.0 288.0 304.0

Note: Shading indicates KI/r greater than 200.
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