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In this report tables are presented for the ultimate

strength of as-rolled wide-flange beam-columns bent by end-

moments about their major axis. Failure is assumed to take

place by excessive bending in the plane of the applied moments.

The tables give the critical combinations of length, end-

moments and axial force at which failure occurs.

I N T ROD U C T ION

Beam-columns, that is, members which are subjected to

an axial force and to bending moments, always fail by in-

1 t ·, b 1 1't (1) If th b d« t t'e as ~c ~nsta ~ ~ y. e en ~ng momen s ac ~n one

of the principal planes of the cross section, failure may

occur due to one of the following instability phenomena:

I, Lateral-torsional buckling

2. Local buckling

3. Excessive bending in the plane of the applied

moments.

Lateral-torsional buckling and local buckling will
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not influence the ultimate strength of as-rolled steel wide-

flange beam-columns bent about their major (or strong) axis

if the member is adequately braced and if certain width
(2)

thickness ratios are not exceeded. For these members fail-

ure will thus be due to excessive bending in the plane of the

applied moments.

Because this type of failure takes place in the inelas-

tic range, the ultimate strength cannot be computed by an

1Iexact17 mathematical procedure. The solution is obtained by

numerical integration of the elastic-plastic moment-curvature

1 .. h' (1) (3) I l' f' fre at~ons ~p. nteract~on curves or var~ous cases 0

1 d ~ '1 bi (1)(2)(3) d" foa ~ng are ava~ a e an approx~mate equat~ons or

(1) (2) (4)
three extreme loading cases are published.

In applying the available information to a given design

problem one is faced with two difficulties: (1) The published

interaction curves are drawn at too small a scale and with

not enough curves to be of any use in the final design, even

though they serve their purpose well in preliminary design.

(2) The approximate equations have a limited scope of applica-

tion and they apply only to extreme cases. The ultimate

strength tables of this report are presented in order to per-

mit a more precise analysis than that which is possible with

the currently available information.
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The tables were prepared from cross-curves constructed

from enlarged versions of the originals of the curves re-

produced in Refs. 1, 2, and 3. The tables give only the

strength of beam-columnso Where additional conditions of

rotation requirements must be met (2) further checks are re

quired to assure adequate rotation capacity ~rt~ 7.4,Ref.2).

THE S COP E o F A P P LIe A T ION

o F THE TAB L E S

The tables presented herein are only a convenient arrange-

ment of already published information. They represent no new

work, and the values are subject to the same limitations as

h f h ~ h ,. 1 (1)(3) h blt ose set art ~n t e or~g~na reports. T e ta es

are thus valid for as-rolled wide-flange ASTM-A7·steel sections

having a maximum compressive residual stress at the flange tips

of 0.3 times the yield stress and which are subjected to end-

moments about the major axis. It is assumed that failure is

due to excessive bending in the plane of the applied moments,

and that lateral-torsional buckling and local buckling will

not influence the ultimate strength.

The tables list the maximum end-moment which a beam-

column of a given size and length can support under a given

axial force and for a given ratio of the end-moments. All

values are given non~dimensionally and therefore the tables
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are applicable for all wide-flange shapes. The pertinent

non-dimensional ratios are as follows:

L/r = Slenderness ratio

pip = Axial load ratioy

~ = End-moment ratio

MO/Mp = Maximum moment ratio

where

L = Length of the beam-column

r = Major radius of gyration

P = Axial load to be supported

Py~y= Yield load

A = Cross-sectional area

Gy = Yield stress (33ksi for A7 steel)

{3 = Ratio of the smaller to the larger end-

moment. ~~en the two moments cause single

curvature deformation, the value of ~ is

positive; when they cause double curvature

deformation, the value of ~ is negative.

Because ~ is always a ratio of a smaller

to a larger number, -1. 00~ f3 ~+l . 00 .

M .. ~. Larger of the two end-moments.
o

Mp=Z~= Plastic moment of the section.

Z = Plastic modulus about the major axis.
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The ultimate moment values are given for slenderness

ratios from 0 to 120, in increments of 10; for axial load

ratios from 0 to Per/Py (where Per is the tangent-modulus

load for the corresponding axially loaded column) in incre-

ments of 0.05; and for end-moment ratios ~ from -1.00 to

+1.00 in increments of 0.2. The spacing of the points is

sufficiently close such that linear interpolation can be

used for intermediate points.

The use of the tables can be illustrated by the

following typical example:

Given:

From the simple plastic analysis of a rigid frame

it is found that a particular member of length

L = 180 in, is subjected to the following forces:

M = 376 in-kips'
o '

~o = 126 in-kips

Solution:

1st trial: 8WF24

therefore ~ = 0.335

P/Py = 0.536; Mo/Mp = 0.493; L/r = 52.6
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*From the tables (for ~ = 0.4, pip = 0.55; L/r = 60)
y

it is found that (Mo/Mp ) = 0.40 < 0 .493 and there-
max

fore the 8WF24 section is inadequate.

2nd trial: 8WF28

p/Py = 0.459; Mo/Mp = 0.420; L/r = 52.2

From the tables (for ~ = 0.4; P/Py = 0.50; L/r = 60)

it is found that (M 1M ) = 0.47 /' 0.420 and there-
. ,0 P max

fore the 8ttJF2·8 sectiol1 is adequate.

A C K NOW LED GEM E N T

This study is part of a general investigation "Welded

Continuous Frames and Their Components" currently bei11g carried

out at the Fritz Engineering Laboratory of the Civil Engineer-

ing Department of Lehigh University under the general direction

of Lynn S. Beedle. The investigation is sponsored jointly by

the Welding Research Council and the Department of the Navy,

with funds furnished by the American Institute of Steel Con-

struction, the American Iron and Steel Institute, Lehigh Univer-

sity Institute of Research, the Office of Naval Research, the

*Since interpolation is not used, the more s~ere values of
~, pip , and L/r are chosen.

y
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Bureau of Ships and the Bureau of Yards and Docks. The

Column Research Council acts in an advisory capacity.

Data for constructing the curves for ~ = +0.5, -0.5

and -1.0 were supplied by Dr. R. L. Ketter, whose coopera

tion is greatly appreciated.,
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ULTIMATE STRENGTH TABLES FOR BEAM-COLUMNS

Scope of the Tables:

As-rolled steel wide-flange sections of ASTM A-7

steel* bent about their strong axis and meeting

the bracing rules and width-thickness limitations

set forth in Chapter 6 and 7 of Ref. 2.

p

-1. 00 ~ {3~ +1.00

o~ L/r ~ 120

o~ P/Py~ Pcr/Py

in increments of 0.2

in increments of 10

in increments of 0.2

L

IMo

I

I
I

I
i
I
,
~Mo

*For use with other steels (up to the 50 ksi high-strength
steels), these tables may be used if the slenderness ratio
is adjusted as follows(l):

(L) = (L) j6Y actual
\r adjusted r actual 33



ULTIMATE Mo/~ VALUES FOR (3 = -loa

P/Py L/r=O L/r=lO L/r=20 L/r=30 L/r=40 Ljr=50 Ljr=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0.00 1.00 1 6 00 1.00 1.00 1 0 00 1.00 1 0 00 1.00 1.00 1 0 00 1.00 1.00 1.00

0 0 05 0.99 0.99 0$99 0 0 99 0.99 0.99 0.99 0 0 99 0&99 0.98 0.98 0.98 0.98
0010 0.97 0.97 0096 0 0 96 o<t96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

0 0 15 0.95 0 095 0.94 0 0 94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.93 0.93
0.20 0091 0.91 0.90 0.90 0.90 0.90 0.90 0 0 90 0090 0.90 0.90 0.90 0090

0 0 25 0.86 0.86 0.86 0.86 0.86 0.85 0.85 0.85 0 0 85 o~84 0.84 0 0 83 0.83

0.30 0.81 0.81 0.81 0.81 0 0 81 0.81 0.81 0.81 0.81 0.80 0.79 0.78 0.76

0 035 0.75 0 0 75 0.75 0.75 0.75 0.75 0.75 0075 0.75 0.73 0.73 0.72 0.70

0.40 0070 0 0 70 0.69 0069 0.69 0.69 0.69 0069 0 0 69 0.67 0.67 0.66 0.63

0 0 45 o~64 0.64 0.64 0064 0.64 0 0 64 o~64 G o 63 0063 0.62 0.61 0.59 0.58

0 0 50 0 0 59 0 0 59 0.59 0 0 59 0 0 59 0.59 0.59 oe58 o~58 0.56 0.54 0.53 0 • .51

0 0 55 0053 0 0 53 0.52 0.52 0052 0.0 52 0 052 0 0 52 0.51 0.50 0.49 0.46 0.43
O¢'60 0 0 47 0047 0.47 0.47 0 0 46 0 0 46 0.46 OQ46 0 046 0.44 0.42 0.37 0024

0.65 0 0 41 O~41 0.41 0.41 0 0 41 0#41 0 0 41 0040 0 0 40 0.38 0.37 0.32

0 0 70 0.35 0&35 0.35 0035 0.35 0.35 0.35 0034 0.33 0.31 0.27 0.06

0075 0030 0 0 30 0.30 0.30 0 0 30 0 0 30 0 0 30 0 0 29 0028 0 0 19 0003

0.80 0 0 24 0.24 0 0 24 0.24 0.24 0.24 0.24 0 0 22 0 0 20

0.85 o~ 18 0.18 0.18 0.18 0.17 0014 OslO

0.90 0 0 12 0.12 O~ 12 0.12 0.10 -- -- -- -- -- -- -- -- I

'"0.95 0 0 06 0 0 04 0.02

1.00



ULTIMATE Mo/~ VALUES FOR ;;::; -0 0 8 ,)

p/Py Lj'r=O L/r;;lO L/J r =20 L/r=JO Ljr=4o L/r=5a L/r=60 L/r==70 L/r=80 L/r=90 -L/r=lOO L/r=110 Ljr=120

0.00 1 0 00 l~OO 1.00 1.00 1 6 00 1 0 00 1 0 00 1&00 lctOO 1.00 1.00 1,,00 1.00
0 0 05 0 0 99 0 0 99 0 0 99 0 0 99 0.99 0 0 99 0.99 0.99 0.99 0.98 0.98 0.98 0.98
Ot>10 0 0 97 0 0 97 O~96 0 0 96 0 0 96 0.96 0096 0 0 96 0 0 96 0.96 0.96 0 0 96 0.96
0015 0.95 0~95 0.94 0 0 94 0 0 94 0.94 0.94 0094 0 0 94 0.94 0 0 94 0.93 0093
0.,20 0 0 91 0 0 90 0.90 0.90 0.90 0.90 0,,90 0 0 89 O~89 0.89 0.89 0.88 0 0 88
0.25 0.86 0.86 0 0 86 0.86 0.86 0.85 0.85 0.85 0 6 85 0.84 0 0 83 0.82 0.81
0 0 30 0 0 81 0.80 O~80 0 0 80 0 0 80 0.80 0.80 0 0 80 0 0 80 0.79 0.77 0.75 0.74
0 0 35 0~75 0.75 0.75 0.75 0.75 0.75 0 0 75 0.75 0.75 0.73 0.71 0.67 0.62

0 0 40 0.70 0.69 0 0 69 0 0 69 0 0 69 0 0 69 0 0 69 0 0 69 0 0 69 0.68 0.65 0.59 0.49
0 0 45 0064 0.64 0064 0 0 64 0 0 64 0 0 63 Oe63 O~62 0 6 62 0 0 61 0.58 0.51 0.42
0.,50 0.59 0 0 58 0058 OQ58 0 0 58 0 0 58 0 0 58 0 0 57 0 0 56 0.53 0.50 0.42 0029
od55 0 0 53 0.52 0052 Oet52 0 0 52 0 0 52 0 0 52 0 0 51 0 0 50 0.49 0.45 0.34 0 0 23
0 0 60 0 0 47 0.47 0&47 0046 0 0 46 0 0 45 0045 0045 0 0 44 0.39 0 0 31 0.,25 0009
0.65 0.41 0.41 0 0 41 O~41 0041 0 0 40 0 0 40 0 0 40 0 0 37 0.32 0 0 25 0 0 14
0 0 70 0 0 35 0 0 35 0 0 35 0.35 0 0 35 0 0 35 0 0 34 Oit33 0 0 33 0.25 0 0 14 0.03

0 0 75 O«t30 O~30 0.30 0 0 29 0 0 29 0 0 28 0 0 28 0 0 25 0.20 0.14 0.02
0 0 80 0 0 24 0.24 0 4 24 O~23 0 0 23 0 0 22 0 0 21 0.18 0 0 16
0 0 85 0 0 18 0 0 18 0.18 0 0 17 0.16 0 0 13 0 0 08
0 0 90 0 0 12 0 0 12 0 0 12 0.11 0 0 06

0 0 95 0 0 06 O~O4 0 0 02 -- -- ~- I
J--I'

1 0 00 -- -- -- -- -- -- -- -- -- -- -_. -- 0



ULTIMATE Mo/~ VALUES FOR (3 ;; -0.6

-P/Py L/r=O -L/r=lO Lj-'r=20 L/'r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 -L/r=lOO L/'r=110 Lj'r=120

0.00 1.00 1.00 1.00 l e OO 1 0 00 1.00 1 0 00 1.00 1 0 00 1.00 1.00 1.00 1.00

0 0 05 0.99 0.99 0.99 0.99 0.99 0.9-9 0.99 0.99 0.99 0 0 98 0.98 0.98 0 0 98
0 0 10 0 0 97 0.97 0.96 0.96 0.96 0.96 0096 O~96 0 0 96 0.96 0.96 0 0 96 0.96

0 0 15 0.95 olt94 0.94 0.94 0 0 94 0.94 0.94 0 0 93 0.93 0.93 0.93 0.92 0.92

0.20 0.91 0$90 Oc.90 0,,90 0 0 90 -0.90 0&90 0 0 89 ob89 0.89 0.89 0.87 0.86

0025 0 0 86 0.86 0.86 0 0 86 0.86 0.85 0.85 0085 0 0 85 0.84 0.82 0 0 80 0.79

0.30 0.81 0.80 0.80 Go 80 0 0 80 0.80 0.-80 0.80 0 0 80 0.78 0.75 0.72 0.69

0.35 0.75 0.75 0.75 0 0 75 0 0 75 0.75 0.75 0 0 75 0.75 0.72 0.68 0061 0.54
0.40 0 0 70 0.69 0 0 69 0 0 69 0#69 o~69 0.69 0.68 0.68 0.66 0.61 0.53 0.41

0045 0.64 0 0 64 0 0 64 o~64 0 0 64 0 0 63 0.63 Ot)62 0 0 61 Ott59 0.55 0.44 0.30

0.50 0.59 0.58 0 0 58 0 0 58 o~58 0.58 0.58 0 0 56 0 0 54 0 • .50 0.45· 0.33 0019

o~55 0 0 53 0.52 0.52 O~52 0.52 0.52 0 • .52 0051 0.48 0.44 0.37 0.24 0011

0 0 60 0.47 0.47 0.47 0046 0.46 0.45 0.45 0.44 0041 0034 0.24 0 0 15 0.02

0 0 65 0.41 0.41 0.41 0 0 41 0 0 41 0.40 0.40 0.38 0 0 34 0.26 0.16 o(to5
0.70 0.35 0.35 0.35 0035 0 0 35 0.34 0.33 0 0 31 0029 0.20 0.07 OeOI

0.75 0.30 0.30 0 0 30 0.29 0 0 29 0 0 28 0.26 0 0 22 0.16 0.09 OitOl

0.80 0.24 0.24 0.24 0.23 0 0 23 0 0 21 0.18 0.15 0.12

0.85 0.18 0.18 0.18 Oe 17 0.15 o~ 12 0.06

0 0 90 0 0 12 Oct 12 0.12 0.10 0 0 06

0.95 0.06 0.04 0.02 -- -- -- -- -- -- -- -- ----:
1 0 00 -- -- -- -- -- -- -- -- -- -- -- -- -- I

t-l
~



ULTIJYIATE MaiM VALUES FOR f3> ;;.; -0.4
. p

~ - ~ I-. ~

"-. "" ....I,. ~

P!.Py L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120
" " I. "

0 0 00 1.00 1.00 1.00 1 0 00 1.00 1.00 l~OO l~OO IbOO 1.00 1.00 1 4 00 1.00
0.05 0.99 0.99 0.99 Oe99 0.99 0.99 0 0 99 0.99 0.99 0.98 0.98 0.98 0.98
0 0 10 0 0 97 0.97 0 0 96 0 0 96 O~96 0&96 0 096 0.96 0 0 96 0.96 0.96 0.9.5 0.95
0 0 15 .0.95 0.94 0094 0.94 0.94 O~93 0.93 0.93 0 0 93 0.93 0.93 0 0 92 0.91
0 0 20 0 0 91 0 0 90 0 0 90 0.90 0 090 0 0 90 0090 0 0 89 0 0 89 0.88 0.88 0.86 0.84
0.25 0.86 0.86 0086 0.86 0 086 0&85 0.85 0.84 0.84 0.83 0.80 0077 0 0 75
0.30 0 0 81 0.80 0.80 0 0 80 0 0 80 0 0 80 0.80 0.79 0.79 0.77 0.73 0.67 0.61

0 0 35 0 0 75 0 0 75 0.75 0.75 0 0 75 0.74 0.74 0 0 74 0.74 0.70 0065 0.56 0.47
0.40 0070 0.69 0 0 69 0 0 69 0069 0 0 68 0 0 68 0.67 OQ66 0.63 0.56 0.47 0035
0.45 0 0 64 0 0 64 0 0 64 0 0 63 0 0 63 O~63 0.62 0 0 61 0.59 0.54 0.47 0.37 0.23
0.50 0059 0.58 0.58 0 0 58 0 0 58 0.57 0 0 .57 00 54 0 050 0.46 0.38 0.26 0<t14

0055 0.53 0 0 52 0.52 0 0 52 0 0 52 0.51 0 0 51 0.49 0 0 44 0.35 0.,26 0.16 0.05

0 060 0.,47 0 0 47 0.47 .0.46 0.45 0.45 0.45 0.42 0.37 0.29 0.19 0.08 0.01

0 0 65 0.41 0.41 0 0 41 0 0 40 0.40 0.39 0 0 38 0036 0.31 0.21 0.10 0.03

0070 0 0 35 0.35 0.35 0 0 34 0034 0.33 0 0 31 0.29 0.22 0.16 0.04 0.01
0,75 0.30 0.29 0 0 29 0 0 28 0028 0027 0.23 0 0 19 0.12 0.05 0.01

0.80 0 0 24 0.24 0 0 24 0 0 23 0 0 22 0.20 0.15 0.12 0.08

0.85 0.18 0.18 0.18 0 0 17 o~15 0.11 0 0 06

0 0 90 0.12 0 0 12 0.12 0 0 10 0 0 05
0.95 0 0 06. 0 0 04 0.02

1.00
I

I
t--l
N



ULTIMATE MoI~ VALUES FOR (3 :::: -0.2

P/py L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0 0 00 1 0 00 1 0 00 1 0 00 1000 1 0 00 1 0 00 1 0 00 1 0 00 1000 ~ 1 0 00 1.00 1.00 1.00

o~o5 o~-99 O<t99 a ~_-99 0,,99 0099 O~99 0099 0 0 99 O-~99 0 0 98 0.98 0097 0.97
00,10 ofit 97 0 0,97 0~96 O~96 O~_96 O~96 0 0 96 0 0 96 0 9 96 O~95 ot95 0 0.94 0093

O?15 O?95 O'~94 O~94 O~94 O~94 0 0 94 0 0 94 0093 0093 0092 0.92 0.90 0 4 88

0~20 0 0 91 0090 0.90 0 0 90 0 0 90 0 0 90 0.90 0 0 89 0 0 89 0.88 0 0 86 0 0 84 0.81

0 •. 25 0 0 86 OQ86 0&86 0 0 85 0 0 85 0 0 85 0085 0 0 84 0.83 0.81 0 0 78 0.74 0.69

0 0 30 0 0 81 0480 0.80 0080 0 0 80 0.79 0079 0 078 0 0 77 0.74 0.69 0 0 62 0052..

o~35 o~ 75- o~75 0.75 o~74 o~74 0.73 0 0 73 01';71 O~70 01c 67 0,61 o ~.51 O~4o

O~40 o~,70 O~69 O~69 0069 0 0 69 0 0 68 01#67 0 0,65 0 0 62 O~58 O~51 O~4o O~29

O~,45 O~_64 O!64 O~64 0 0 63 0 0 62 0 0 62 0061 0 0 58 0 0 54 O~47 0 0 39 0030 0 0 19

0 0 50 0059 00.58 0 0 58 O?57 0.057 O~56 0 0.55 -0 0 51 0046 0 •. 40 00 32 00,20 o~ 12

O~55 0 0 53 0 0 52 0 0 52 0051 0 0 51 0 0 50 o~49 O~46 0 0 39 0027 0 0 19 0 0 11 O~O4..

O~,60 O?,47 O~47 O~47 00,46 o~45 o()44 OQ43 0038 0 0 32 O~24 0 0 14 0 0 05 0 001

°0. 65 O~_41 O~,41 O~,41 o~.40 O~,39 o~37 0~.36 00,31 O~27 0 0 16 0 0.°7 00,03

O~70 0 0 35 O~35 O~3.5 o~.34 O~34 O~31 O~29 o~25 O~17 0 012 O~O3 0001

a ~.75 O?,30 O~.29 0029 0029 O~,27 O~25 0.21 0 0 16 0010 Oce3 0 0 01

0 0 80 O~.24 °0. 24 O~24 0023 0 0 21 0 0 18 0013 0 0 09 0004

o~85 0 0 18 o~ 18 0 0 18 0017 0.,14 0.10 0&0.5

O~90 0 0,12 O~12 0 0.12 0,,10 0005

O~95 0006 0 0 04 0 0 02

1 0 00 .
I
~

W



ULTIMATE Mc!Mp VALUES FOR f3 = 0.00

pip L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0.00 leGO 1 0 00 1 0 00 1 0 00 1 0 00 1.00 laOO l§OO 1.00 1.00 1 0 00 1.00 leGO

0.05 0099 0.99 0.99 0.98 0.98 0 0 98 0.98 0.98 0 0 98 0,,97 0 0 97 0.96 0.96

0 0 10 0 0 97 0.97 0096 0.96 0.96 0.96 O~96 0 0 96 0.96 0 0 95 0 094 0.93 0.91

0.15 0.95 0.94 0.94 0090 0.94 0.94 0 0 94 0.93 0.93 0.92 0.90 0.88 0.85

0.20 0.91 0.90 0.90 008S 0 0 90 0.90 0.90 0.89 0.88 0 0 86 0.83 0079 0.75
0.25 0.86 0.86 0.86 0.80 0.85 0.84 0.84 0.82 0.81 0.78 0.73 0.67 0.60

0.30 0.81 0.80 0.80 0 0 74 0.80 0 0 79 OCt?7 0.75 0.73 0.70 0.65 0.57 0.41

0.35 0.75 0.75 0.75 0 0 68 0074 0.72 0.71 0.68 0066 0.62 0.55 0.46 0.34

0.40 0.70 0.69 0.69 o~63 0.68 0.67 0 0 65 0~62 0.58 0.52 0.45 0.34 0.24

0.45 0 6 64 0.64 0.64 0 0 63 0.62 0.61 0.59 0.54 0049 0.42 0.34 0.25 0.16

o~50 0.59 0 0 58 0.57 0.56 0 0 56 0.54 0.52 0.48 0.41 0.34 0.26 0.17 0.10

0 0 55 0.53 0 0 52 0052 0,,51 0.50 0 0 48 0.46 0042 0.34 0.23 0.15 0.09 0.04

0.60 0.47 0.47 0047 0 0 46 0 0 44 0 0 42 0.40 0 0 34 0.27 0.19 0.11 0005 0.01

0.65 0 0 41 0 0 41 0.41 0.40 0 0 38 0 0 35 o~34 0 0 27 0.21 0.13 0.06 0.02

0070 0 0 35 0.3.5 0.35 0 0 34 0 0 33 0.30 0.27 0 0 20 0 0 14 0009 0.03 0.01

0075 0 0 30 0.29 0.29 0.29 0.27 0.23 0 0 19 0 0 14 0 0 08 0 0 03 9 0 01

0 0 80 0.24 0.23 0.23 0023 0 0 21 0.17 0 0 12 0.08 0 0 03

0.85 0.18 0 0 18 0.18 0016 0.13 0.09 0.05

0 0 90 0 0 12 0.12 0.12 0.10 0.05

0 0 95 0.06 0.04 0 .. 02

1 0 00
I

I
~

+'



ULTIMATE Mo/~ VALUES FOR (3 = +0.20

pip L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0 0 00 l~OO leOO IdOO 1000 1 .. 00 l~OO l~OO 10.00 leGO l~OO l~OO 1000 1000

O~_O5 0099 O~99 0 0 98 0.98 0 098 0.98 0 0 98 0098 0098 0.97 0.97 0#95 0 0 94
0 0 10 O~97 0 0 97 0.96 0.96 0 0 96 0.96 0096 0.95 0 09.5 0.94 0·92 O~90 0.88
0.15 0095 0.94 0.94 0 0 94 0 0 94 0.94 0.94 0.93 0092 0.89 0.87 0084 0 0 80
0.20 0091 0.90 0.90 0.90 O~90 0.89 0089 0.87 0.86 0.82 0.78 0.74 0 0 68
0.25 o.e6 0 086 0086 _0085 0.85 0.84 0<)83 0.80 0077 0.73 0.67 0.60 0052

0030 0.81 0.80 0.80 0.80 0.80 0.78 0.75 0071 0.69 0.63 0058 0.50 0036

0.35 0075 0.75 0.75 0.74 0.73 0.71 0.68 0.65 0.60 0.55 0.48 0040 0029

0.40 0070 0.69 0.69 0.68 0.67 0.65 0.63 0.58 0.53 0.46 0.38 0.29 0 0 20

o~45 0.64 0.63 0.63 0.62 0.61 0.59 0.56 0.51 0.45 0.37 0.30 O<t21 0014

0 • .50 0.59 0.58 0.57 0.56 0.55 0.53 0 • .50 0.45 0.37 0.30 0.22 0015 0.08

0055 0.53 0.52 0 • .52 0 • .51 0.49 0.47 0.43 0.38 0031 0,,22 0.14 0009 OQ04

0 0 60 0047 0.47 0046 o(t45 0.43 0.40 0.36 0.30 0.24 0016 0.09 0.05 0.01

0.65 0.41 0.41 0.41 0.39 0 037 0.34 0.29 0.23 0.17 0.12 0.06 0.02

0070 0035 0.35 0.35 0034 0.32 0.28 0 0 24 0.17 0012 0.06 0.02 0.01

0075 0 0 30 0.29 0.29 0.28 0.26 0.22 0.17 0.12 0.07 0.03 0.01
I

0.80 0.24 0.23 0.23 0.22 0.20 0.16 0.11 0.07 0002

0.85 0018 0.17 0.17 0.15 0 0 12 0.09 0.04

0090 0012 0 0 11 0.10 0.08 0.04

0.95 0.06 0.04- 0.02

l~OO -- -- --
•
~
\J1



ULTIMATE Mo/MP VALUES FOR (3 == +0 0 4

P!Py L/~=O L/~=lO L/~=20 L/~=30 L/~=4-0 L/~=50 L/~=60 -L/~=70 L/~=80 L/~=90 L/r~lOO L/r~110 L/r~120

0 0 00 1 0 00 1000 1 0 00 leOO 1,,00 1000 l~OO leOO l~OO 1.00 l~OO 1 0 00 letOO

0005 0.99 0099 0098 0098 0.98 0098 0098 0.97 0097 O~96 0095 0094 0093
0010 0097 0096 0.96 0.96 0.96 0.96 0 0 96 0.95 0 0 93 0 0 92 Oc90 0.88 0085
0.15 0 0 95 0094 0094 0094 0.94 0093 0 093 0.91 0089 0.86 0 0 83 0 0 79 0075
0020 0 0 91 OQ90 0 0 90 0 0 89 0.89 0.88 Oe88 0.86 0083 0" 78. O~74 0.68 0.63

0 0 25 0086 0.85 0 0 85 0.84 0.84 0.83 0080 0.76 0.72 0068 0.61 0.55 0 0 47
0.30 0 0 81 Oi)80 0.80 0079 OfJ79 0076 0.72 0068 0.63 0057 0.51 0 0 44- 0.33
0 0 35 0075 0#75 0075 0074- 0072 0 • .59 0.65 0061 0055 0048 0.42 0.30 0 0 24
o~40 0070 0069 0.69 0.68 0.66 0.63 0.60 0.54 0·48 0.41 0.33 0026 0017

0.45 0 0 64 0.63 0.63 0.62 0.60 0.57 0.53 0.47 0.41 Oc34 0027 0 0 19 0012

0.50 0.59 0.59 0.57 0.56 0 0 54 0.51 0.47 0.41 0 0 33 0.27 0.20 0.14 0.07

0.55 0.53 00.52 0.52 0.50 0.48 0.44 0.40 0.34 0 0 27 0 0 20 0.14 0.08 0004

0.60 0.47 0.46 0.46 0.44 0.42 0.37 0033 0.28 0021 0.15 0.09 0.04 0.01

0.65 0.41 0.40 0.40 0.38 0.36 0.33 0.27 0.21 0.15 0.10 0.05 0.02

0.70 0 0 35 0.35 0.35 0.33 0.31 0.27 0.22 0.15 0.10 0.05 0.02 0.01

0 0 75 0030 0.29 0.28 0.27 0.25 0.21 0.16 0.10 0.06 0.03 0.01

0.80 0.24- 0.23 0 023 0.20 0.18 0.14 0010 0.06 0.02 --
0085 0018 0.17 0.16 0.14 0.11 0.08 0.04

0.90 0.12 0.11 0.09 0.07 0.04

0.95 0 0 06 0004 0.02

1.00

I
~

0'\



~ ~ • I .... r ~

ULTIMATE Ma/M VALUES FOR (3, ;; +0.6
p

p/py L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0000 1000 1 0 00 1000 1000 1.00 1000 l~OO 1 0 00 1000 1.00 lilOO 1000 1000

0005 O~99 0099 O~98 0.98 0.98 0097 O~97 0.96 0.96 0.95 0094 0093 0091

0.10 0097 0.97 0.96 0.96 0.96 0.95 0.94 0.93 0 0 91 0089 0.87 0084 0.82

0015 0094 0.94 0.94 0.93 0.93 0.92 0.91 0.88 Oet85 0.82 0.79 0.75 0070

0.20 01'91 0.90 0090 0 0 89 0.89 0.87 0.86 0082 0.78 0.74 0.69 0.63 0.57

0.25 0~86 0.85 oe85 0.84 0.83 0080 0.77 0.73 0.68 0.63 0.56 00.50 0043

0030 0.81 0&80 0.80 0.79 0.77 0.73 0.69 0.54 0.57 0.52 0.46 0038 0.31

0.35 0.75 0.74 0.74 0073 0.71 0.66 0062 0057 0.51 0.44 0.37 0030 0.22

0.40 0.70 0.69 0.68 0.66 0.65 0.61 0.56 0 • .51 0.44 0.38 0.30 0.23 0.16

0.45 0.64 0.63 0.62 0.60 0.58 0.54 0.50 0.44 0.37 0.31 0.24 0.17 0011

0.50 0.59 0.58 0.57. 0.55 0.53 0.48 0.43 0.38 0.31 0.25 0.18 0.13 0006

0.55 0&53 0.52 0.51 0.49 0.46 0.42 0.37 0.31 0.25 0.19 0.13. 0008 0003

0.60 0.47 0.46 0046. o.4~ 0.40 0.35 0.30 o~25 0.19 0.13 0.08- 0004- 0.01

0.651 0.41 0040 0.39 0.37 0.35 0.31 0.25 0.19 0.14 0.09 o. 05~ 0.01

0.70 0.35 0.34 0.34 0.32 0.29 0.25 0.20 0.13 0.10 0 0 05 0.02 0.01

0.75 0.30 0.29 0.28 0.26 0.23 0.20 0.14 0.09 0.05 0.03 0.01

0.80 0.24 0.23 0 0 22 0.19 0.17 0.13 0.09 0.05 0002

0085 0.18 0.21 0.15 0.12 0.10 0.07 0.03

0.90 0.12 0., 10 0.08 0.05 0.03

:0.95 0.06 0.04 0.02

1.00 -- -- --
I

t-..l
-.....,J



ULTIMATE MciMp VALUES FOR ~ =: +008

P/py L/r=O L/r=lO L/r=20 L/r=30 L/r=40L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120

0.00 1600 1 0 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1 0 00 1.00 1.00

0.05 0099 0099 0.98 0.98 0.97 0096 0.96 0.95 0 0 95 0 094 0.93 0.91 0090

0.10 0.97 0.97 0.96 0.95 0.94 0.93 0.92 0.90 0.88 0 0 86 0.84 0.81 O~78

0~15 0 0 95 0.94 0.93 0.92 Oo9l 0.89 0.87 0.84 0081 0.78 0074 0070 0065

0.20 0091 0090 0.89 0 087 0.86 0084 0082 0.77 0.73 0.69 0064 0.58 0052

0.25 0.86 0.85 0.84 0.82 0.80 0.76 0.73 0.68 0.64 0.59 0.52- 0.4-7 0040

0&30 0.81 0.79 0.79 0.76 0.74 0.69 OQ66 0.60 0.54 0048 0043 Oe 36 0.29

0.35 0.75 0.74 0072 0.70 0068 0.63 0 0 58 0 • .53 0.47 0041 0.34 0027 0 020

0.40 0.70 0.68 0.67 0064 0 061 0.57 0.53 0.47 0040 0.35 0028 0022 0015

0045 0.64 0.63 0.61 0.58 0.56 0.50 0046 0 0 40 0 0 34 0.28 0 0 22 OCJ 16 0.10

0050 0.59 0057 0055 0052 0.)0 0.45 0.40 0034 0028 0.23 o~ 17 0011 0006

0055 0053 0051 0049 0047 0.44 0039 0034 0.28 0.23 0018 0 0 12 0008 0003

0.60 0047 0.45 0.44 0.42 0 0 38 0.33 0028 0.23 0 018 0.12 0.08 0004 0001

0065 0·41 0040 0.38 0.35 0.33 0028 0.23 0.18 0.13 0009 0.05 0.01

0.70 0.35 0.34 0.33 0030 0.27 0 0 22 0/t18 0.12 0.09 0,,05 0.02 0001

0.75 0.30 0.28 0.25 0024 0.21 0.18 0.13 0.09 0.05 0.02 0.01

0.80 0.24 0.22 0.21 0.18 0.15 0.12 0.08 0.05 0.02

0.85 0 0 18 0.16 0013 0.11 0.09 0.06 0.03

O~90 0.12 0.10 0.07 0.05 0.03

0.95 0.06 0.04 0.02

1.00 -- -- --
I
~

ex>



ULTIMATE McI~ VALUES FOR (3 = +1.0

p/Py L/r=O L/r=lO L/r=20 L/r=30 L/r=40 L/r=50 L/r=60 L/r=70 L/r=80 L/r=90 L/r=lOO L/r=110 L/r=120
.. . - '''' ~ . ;~. + ., .

"

0.00 1000 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

0.05 0.99 0.99 0.98 0.97 0.96 0.95 0.94 0.93 0.93 0.92 0.91 0090 0.89
0.10 0.97 0.96 0.95 0.93 0.92 0.90 0.88 0.87 0.85 0.82 0.80 0.77 0074
0.15 0.95 0 0 93 0.91 0.88 0 0 86 0.84 0.81 O'l79 0.77 0.74 0068 0.64 0.60

0.20 0091 0.88 0.86 0084 0 081 0.78 0.75 0072 0.68 0063 0.59 0054 0.48

0025 0.86 0084 0.81 0-.78 0.75 0072 0067 0.64 0.60 0 • .55 0.50 0043 0037
0.30 0.81 0.93 0.76 0072 0.69 0.65 0.61 0« 56 0052 0.46 0.40 0.34 0028

0.35 0" 75 0.72 0.70 0066 0.62 0.58 0.54 0.49 0.44 0038 0 0 33 0.27 0.20

0.40 0070 0067 0.63 0.60 0.57 0 052 0.48 0.43 0.38 0.32 0.27 0.2-0 0.14

0.45 0.64 0.61 0.59 0.55 0.51 0.47 0.42 0037 0.32 0.26 0 0 21 0.15 0.09

O~50 0 • .59 0.55 0.52 0.49 O~45 0.41 ·0.36 0031 0.27 0.22 0.16 0010 0.06

0055 0.53 0050 0.46 0043 0,,40 0.36 0.31 0.26 0.22 0.16 0 0 12 0.07 0.03

0060 0,,47 0044 0.42 0.38 0.35 0.31 0.26 0.21 0.17 0.12 0 0 06 0.04 0001

0.65 0.41 0039 0 0 36 0.32 0.29 0.25 0.21 0.17 0.13 0.08 0.04 0.01

0.70 0035 0.32 0.30 0.27 0.24 0.20 0.16 0.12 0.09 0.05 0.02 0.01

o~75 0.30 O<t27 0.24 0.22 0.18 0.15 0.11 0008 0 0 05 0 0 02 0.01

0.80 0.24 0.22 0.19 0.16 0.13 0.09 0.07 0.04 0.02

0.85 0.18 0.15 0.13 0.10 0.07 0.05 0.03 #'

0.90 0.12 0.09 0.07 0.05 0.02

0.95 0.06 0.04 0.02
i

1.00 -- -- --

I
........
\0
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