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INTRODUCTION

The moment-carrying capacity of steel sections is reduced from MP to
Mpc in the presence of axial thrust over the section. A further reduction
occurs in a column because of the buckling effect, the amount of reduction de-
pending upon the slenderness ratio of the column.

Strengths of columns bending about the strong axis have been ascertained
theoretically and these values compared with test results (1, 2, 3). In general,
the individual bents of a framed building resisting moments due to either wind
or earthquake forces or unbalanced loads are to be investigated for such
strength. Cases may arise, however, where moment capacities of columns bending
about the weak axis due to any one or any combination of the above causes
govern the sizes of columns. The present investigation seeks to provide a
semigraphical solution to the problem, using the concept of Column Deflection
Curves, and compares the results with similar curves for bending about the

strong axis.
SCOPE OF THE PRESENT THESIS

Column Deflection Curves based on computed values have been obtained
for columns bending about the weak axis under the influence of increasing end-
moments (symmetrical single curvature) and in the presence of constant axial
thrust (1) P = 0.2 Py’ (2) P =0.6 Py' Strengths of columns bending about the
weak axis and with slenderness ratios 20, 30, and 40 are estimated from these

curves.



COLUMN DEFLECTION CURVES

A column with any ratio of end moments may be considered as a part of

the Column Deflection Curve or CDC (1). CDC's may be developed for various

assumed values of ags the end rotation corresponding to a particular assumed

value of P, the axial thrust.

Fig. l--Column Deflection Curves

The length of the CDC decreases for increasing values of o The lim-

iting value of o is reached when the moment at the center of the CDC (quarter

wave length from end) equals Mpc'

ASSUMPTIONS

Rolled WF shapes are subject to residual stresses over the cross sec-—
tion as a result of the cooling of the material after hot rolling in the mills.
The magnitude, and to a minor degree the nature of these stresses, differ with
each cross section. In general, however, the following pattern of stresses

may be assumed to exist (1).
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Fig. 2--Residual Stress Pattern

The presence of such residual stresses affects the curvature of a sec-
tion subject to external moments and axial thrust. The effects are more pro-
nounced for bending about the weak axis than for bending about the strong axis
(3). Results are available for the 8WF3lsection and it has also been shown
that this section is quite typical of most steel rolled sections. For the pres-
ent work, therefore, M-P-¢ curves as derived (3) have been assumed to hold for
bending about the weak axis.

Further assumptions are: (1) Plane sections remain plane. (2) Material
exhibits ideal elastic-plastic o-¢ curve (no strain hardening). (3) Flexure is
in one plane only.(4) Axial force is applied first, then moment. (5) Deflec-
tions are small. (6) Members are prismatic. (7) No strain reversal occurs.

(8) No initial crookedness exists.
PROCEDURE TO OBTAIN THE CDC'S

The axial thrust P and the end rotation a  are initially assumed. Sub-
divisions pj are selected along the thrust line and the deflected shape within

each segment is considered to be a circular arc.
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Fig. 3--Segment on CDC

Neglecting higher-order terms,

2 "
1=P1% " pl¢l[2 and o, = ao—p1¢l at the end of the first segment.

<
Il

2
v, + 1Py = p2¢2/2 and a, = 01 ~ p2¢2 at the end of the second segment.

2 1 2

2
Il

- p§¢j/2 and aj = a - pj¢j at the end of the jth segment.

V., = V. + d

57 V51T %5-1°; j-1

¢1’¢2’ oW ,¢j are the curvatures of the segments corresponding to the mean
moments in the segments.

The mean moment in segment 1 is M ., = Paopl/Z;

The mean moment in segment 2 is MmZ = Pvl + Palpz/Z;

It

The mean moment in segment j is M . Pv, + Pao., . 1
- ] mj j-1 3-1°3

The process of numerical integration is continued till @ = 0.

Py PO pj are chosen as equal subdivisions for convenience. Values

of p., between r and 4r (r<pj<4r) are known to give reasonably accurate results
without excessive computations (4). 1In the neighborhood of o = 0, however,

o is'reduced suitably depending on the degree of accuracy desired.

n
The length of the quarter wave-length is ij and represents half the
A



length of the CDC.

I1llustration of the procedure
(8WF31 section):

P =0.2 Py = O.Z(A)Uy = 0.2(9.12)36.0 = 65.664 kips. ay = 0.01 radian.

M =8¢ =9.2(36.0) = 331.2 kips. T = 2.01 in. Therefore, 4r_ = 8.04 in.
Y ¥y¥ ¥ ¥y

p = 8 in. is hence a suitable value.

Moo= Pa0p1/2 = 65.664(0.01)8.0/2 = 2.62656 in-kips.

Mml/My = 2.62656/331.2 = 0.00793. From the M-P-¢ curve (3), for P = 0.2 Py

and Mml/My = 0.00793, the value of ¢l/¢y = 0.00793. E¢Y = 20y/d. Therefore,
¢Y = 20y/Ed. ¢Y = 2(36.0)/30,000(8) = 0.0003 radian.
Therefore, ¢1 = 0.00793(0.0003) = 0.000002379 radian.

= 0.01 - 8.0(0.000002379) = 0.00998 radian.

Q
1

1= % " *1%1

pi¢l/2 _ §(0.01) - 64(0.000002379)/2 = 0.07992 in.

vy < A% T
Ml - Moment at the end of the first segment = Py, = 65.664(0.07992) =
5.248 in-k.

The 8WF31 section bending about the weak axis is considered to consist

of two rectangles, the web being mneglected.

_ﬁ P_.0.433 in.

1 1 e
::::::::: 8 in
L b S N

Fig. 4--8WF31l Section
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2
Therafore, W =N [I'L @R Z M (1 - 0.04) = 0.96 M_.
erefore, M . [ (/ y) ] p( ) 5
Mp = 2(36.0)0.433(64/4) = 576.0(0.866) = 498.816 in-k.

1
M./M = 5.248/(0.96)498.816 = 0.01096. Ip, = 8 im.
1" pe 1]

M, =Pv, + Palpz/Z = (0.2)9.12(36.0)0.07992 + 0.2(9.12)36.0(0.00998)8.0/2

= 7.8693 in-k. M /M = 0.02376. Therefore, ¢,/¢_ = 0.02376.
m2' y 2"y

0.02376(0.0003) radian = 0.000007128 radian.

o
o
]

= 0.00998 - 8(0.000007128) = 0.00992 radian.

e
|

g = G1 T Poby

I

v, + o

2 _ N i
v, = V] + e, = p50,/2 = 0.07992 + 0.00998(8) - 64(0.000007128)/2 = 0.1595 in.

=
I

2 Pv2 = 0.2(36)(9.12)0.1595 = 10.506 in-kips.

2
M./M = 0.02188. Ip, =8+ 8 = 16 in.
pc 1 J

Continuing in this manner,

25
= 0.00028, Vys = 1.29552 in., MZS/Mpc = 0.17765, § pj = 200 in.

%25 5

If = 8 in., Gy turns out to be negative. Pog is hence chosen as

P26

1 in. Repeating the process, G,g = 0.00005, while Gpg = -0.00003.

29
%Sp_ = 203 in. % pj = 204 in. The half length of the CDC may hence be taken
1 3

as 203.5 in., approximately.

Next, o, is assumed aé 0.02, 0.03, . . . radian and the process repeated.

0

When a. = 0.07 radian, M___/M__ = 0.97988. When o
0 max ~ pe -0

exceeds 1.00 and the calculations are invalid. With oq 0.075 radian,

0.08 radian the ratio

Il

M /M = 0.99899 (almost 1.0).
max’ pc

All the calculations have been computerised for the two cases
(1)p = 0.2 Py and (2)P = 0.6 Py’ and end rotations in increments of 0.0l

radian beginning with oy = 0.01 radian.
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It was felt necessary to use an increment of ay = 0.005 radian at the
final stage for P = 0.2 Py. The maximum value of o for the case P = 0.2 Py
is, hence, ay = 0.075 radian.

For the case P = 0.6 Py’ however, with ay = 0.06 radian, the ratio of

moments is 0.98086 and with ay = 0.065 the ratio exceeds 1.0. Hence, the

maximum value of GO is taken as 0.06 radian.

The M-P-¢ curves (3) have been approximated by the following sets of

straight lines for convenience in computer analysis:

P=0.2P

et e e

/Y = M/M if 0.000 < M/M_ x 0.653
y y y

~p/9’y = 0.653 + (M/My - 0.653)0.606/0.347 if 0,653 < M/My < 1.000,

¢/¢y = 1.259 + (M/My‘: 1.000)0.446/0.150 if 1,000 < M/My < 1,150,

?/%, = 1.705 + (UM - 1.150)0.295/0.077  if 1.150 < M/M_ < 1.227.
Y7, = 2,000 + QUM - 1.227)0.402/0.059  if 1.227 < M/n?y < 1.286,
Y[9, = 2.402 + (4/M_ - 1.286)0.598/0.032  if 1.286 < M/M_ < 1.318.
YR, = 3.000 + (11 - 1.318)1.000/0.037  if 1.318 < M/M_ < 1.355.
Y[9y = 4.000 + QUMM - 1.355)2.000/0.041  if  1.355 < M/M_< 1.39.
Y[t = 6.000 + (MM - 1.396)3.000/0.045  if 1.396 < M/M_ < 1.441.
¥/v, = 9.000 + (MM - 1.441)4.000/0.049  if L.441 < MM,
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| B GRAPHICAL REPRESENTATION OF THE CDC'S

The results of computer analysis have been reduced to graphical form
by drawing the M/Mpc vs. o and Z/r vs. o curves. (Figs. 6,7)

Z is the distance measured from the center of a half-wave length as
indicated in Fig. 5. The purpose of nondimensionalising M and Z is to make

the end results applicable to all WF shapes and for various values of Oy

B s

Fig. 5.--Column Deflection Curve

STRENGTHS OF COLUMNS

As mentioned before, a column with any ratio of end moments may be con-
sidered as a suitably chosen part of the CDC. A column bent in symmetrical
single curvature (and hence equal but opposite end-moments) may be thought of
as the portion of the CDC shown dotted in Fig. 5, since the zero slope at the
middle of the column may be matched with the zero slope at the middle of the
half-wave length of the CDC. Hence, the length L of the given column corre-
sponds to 2Z on the CDC.

Knowing L, and hence Z, a horizontal line is drawn through the Z/r-

value to cut the Z/r vs. o curves at several points. These points of inter-
9
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section are projected on to the M/Mpc vs. o curves and thus the MO/Mpc vs. O
curve, where MO = end-moment and & = end rotation of the column, is obtained.
Such a curve represents the loading history of the column in the presence of
a constant axial thrust and variable end moment.

The maximum moment that the column of length L can resist in the pres-
ence of the designated P is given by the value MO corresponding to M/Mpc at
which the slope of the curve is zero.

The process of drawing the M-6 curve is illustrated in Fig. 6, the
cardinal values being P = 0.2 Py and slenderness ration = 40,

The column curves corresponding to slenderness ratios L/r = 20, 30, and
40 have been obtained. (Fig. 8 for P = 0.2 Py and Fig. 9 for P = 0.6 Py>

An 8WF31l section pinned at the ends and 80.4 in., long has a slender-

ness ratio of 80.4/2.01 = 40. The value Mmax/M corresponding to L/r = 40 is,

pc

from the curves, 0.82 assuming the axial thrust P equals 0.2 Py' The column
can, therefore, resist a maximum moment of 0.82(Mpc) at each end (symmetrical
single curvature). The corresponding end rotation equals 0.034 radian.
M = 0.82(498.816)0.96 = 392 in-kips.

max

The curves may be used for values of Oy different from 36 ksi with the

following modifications. (3)

(L/ry) it = (L/ry)\/, 0y/36, eoy = 836/oy/36.

As an illustration, with Gy = 33 ksi, (L/ry)eq = 40v/33/36 = 38.3.

Therefore, M /M = 0.83. M__= 0.96(33)0.866(64/4) = 439 in-k.
max’ pc pc

Therefore, M = 366 in-kips.
max

636 = 0.032. Therefore, 633 = 0.032/33/36 = 0.031 radian.
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1. The moment-rotation curves generally form a peak beyond which unloading

takes place and the column fails by local buckling. For low slenderness ratios
and }?/P}T values, the failure may be expected to be rather sudden. With increas-
ing P/Py, the ratio Mmax/Mpc decreases for the same slenderness ratio. Also,

it is true that for the same P/Py, the ratio Mmax/Mpc decreases with increas-
ing slenderness ratio.

The shapes of the curves are similar to those for bending about the

strong axis.

2. Comparison with bending about the strong axis (2) yields the following:

(p/P_ = 0.6).
y

TABLE 1

Comparative Values

Ratio Mmax/M
Slenderness Ratio pe
Strong Axis Weak Axis
Bending Bending
20 0.84 0.72
30 0.76 0.595
40 0.68 0.465

As the Mpc—value about the strong axis is much larger than its value
about the weak axis, the column is considerably weaker when bending is about

the weak axis.
15
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16

Further work needs to be done in the following fields:

A.

B.

Extend CDC's over a wider range of P/Py values;

Develop curves for different end conditions:

One end fixed with moment less than Mpc at the other end,
Double curvature with equal end moments,
One end pinned,

Variable ratios of end moments.
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APPENDIX A

NOMENCLATURE FOR TEXT



NOMENCLATURE FOR TEXT

Area of cross section.

Column Deflection Curve.

Young's modulus = 30,000 ksi.

Length of Column.

Moment at a section.

Moment applied at the end of a member (column).

Mean moment in jth segment.

(Plastic) Moment capacity of the cross section.

(Plastic) Moment Capacity of the cross section in the presence of
axial thrust.

Moment at which yield point is reached in flexure.

Axial thrust on column.

Axial thrust corresponding to yield stress over the entire cross sectiom.
Section modulus of the section about the weak axis.

Distance from the center of a half-wave length of a CDC towards the ends.

Flange width.

- Depth of wide flange section.

Radius of gyration (about the weak axis).

Flange thickness.

Deflection from thrust line at the end of a segment of the CDC.

Web thickness.

19
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20

Slope of the CDC at the end of a segment.

Strain.

Subdivision along the thrust line of the segment of a CDC.
Normal stress.

Maximum residual (normal) compressive stress.

Maximum residual (normal) tensile stress.

Yield point stress (36 ksi unless specified otherwise) .
Curvature at a section.

Curvature corresponding to initial outer-fiber yielding (P

Column end rotation.

I

0).-



APPENDIX B

NOMENCLATURE FOR COMPUTER ANALYSIS



RATIO(J)

Z(I)

NOMENCLATURE FOR COMPUTER ANALYSIS

Mean Moment M _,
m]

M /M
mj y

¢j/¢y

22



APPENDIX C

COMPUTER ANALYSIS



TABLE 2

Program for P = 0.2PY and oy = 0501, 0.02; . . .

l

35

34
32

21
22
23
24
2%
26
27

40

LAMEBRSTON ¥ (100) yrmM (100) 4 PITLL00) 4 ALLIOO) ,VIL00) ¥ LU0,
LRAVLOQULG0) 2 LE)

REAL MMM MY MPC

P=Cel% L. L0812

MY=36,0%%,7

1=1

K=1

WETH Gty L)

FCRMATULHL g /777 06Xy LHL 4% 3 1A 35X g 4RV J ) 6Xy GHRHULJ) 4 SXy4HZ1dD
LTXy EHEMMEJ) p 5% 6HMI/MFC TXp4HALJ )y TXy4RA (D) 35Xy THRPHI L J) )
Fl=1

ALQ=0.01%F ]

RH(=H,C

MMIL)=F®AU¥RHC /2.0

RMMOL)I=MM( L) /MY

RPHI(L)=RMM( 1)

A1) =AU=0.00CH%RACERPHI (1)
VIL)=kHsAG=CauU 9% PRI (] ) *REGESZ

MIE1)=P*vil)

MPC=hT16,0%)d0ERCL 46

RATIO(1)=M(1)/mPC

WRITELGs2) T4KeVI1)RHC,RHC ;RMMIL) yRATIOD(L) ALL) yAURPHILT)
FURMAT(215,8F11.5)

J=2
201 )=khi
Khl=y.C

MMEJI=M{J=1)+F2A(J=11%RRO/240
RMMUJ)=HM(J) /MY

IFIRMM(J) oLEe 0.€653) CO TO 21

[FIRMM(J) «LE. L.0QUO) GO TG 22

IF(RMMIJ) oLF. 1.1%0Q) GO TO 23

TF{RMH(J) olbe 1.227) GO 10 24

IF(KMM(J) JLE. 1.2B6) GO TO 25

IF(RMM(J) «LE. 1.318) GU TO 26

IF(RMM{J) .LE. 1.355) GO TC 27

IF(RMM(J) JLE« 1396) GC TO 40

[FIRMMIJ) «LE« Lu.44l) GO TO 41
RPHILJ)=G.000+(RMM{J)=1.441)#%4,000/0.049
GO TO 24

RPHI(J)=rEM(J)

GO TO 28
RPHI(JI=Ca& 030 (RMMIJ)=0.0653)%0.606/04347
Gl 1C 24
RPRIGJ)I=142594(RPMIJ)I=1.000120.446/04150
GO TO 28
RPHI(J)=1.7C5+(KMMIJ)=1.1500%C.295/0.077
GO TO 24
RPHILJ)I=2.0004(RMM{J)=14227)#0.402/0.059
GU TC 24

RPHIAJ)I=2.402+ (KMM(J)=1.2d6)%0.598/0.C032
GO TO 248
RPHI(J)=3.000+(RMM(J)=1.31A)21.000/0.037
G TO 28

RPHI(J)=4,0C0 (RMM(J)=14355)%2.0C0/C.Cal
GU T0O 248



TABLE 2--Continued

41
28

249

33

36

30

il

KPP (dT20.COUs (HNMEI=1.356193.000/0.045
ALJ)=A(d=11=0.0003%KIECHRPHT L)
IFLALJ) CEW 0,0) GG TO 29

LEGRHU -EQ« LoC «ANDs ALJ) «LT. 0.00) GC TO 29

IF(ALJ) oLTa OaU0) RhO=1.0

Gl 10 32

VI =V id=1) ¢ALI=11oRFL=0,0CUL%KPHT(J)#RIOCkR2
Mld)=Revid)

RATIOEJ) =MD ) /MPC

L(1)=2(1)+RHO

IFIRATIOJ) «GEs 1.0) GO TO 31

IFIRIHO oEGe 140 oANDs ALJ) +GE. 0.0000) GO TO 36

IF(ALJ) «LT. 0.0000) GG TO 30

WRITF(642) l'J'V‘J'|RHCQI(|IvRMMlJI.NA‘Iﬂ‘J;;
J=J+l

IFIRHO «EQ. 1.0) GO TO 32

GO TO 34

WRITE(6.2) TodoVEJ) g REOGZOT) (RMMEJ) RATIONI )y
[=1+1

Gu TO 35

CCNTINUE

RETURN

END

ALJ) AU, RPHELDD

ALJ) 4 ADRPHIEID




TABLE 3

Results for P = O.ZPy and ¢y = 0.01, 0.02, . ‘
1 J ViJd) PR L) 1iJd) KMMEJ) ¥J/MPL ALJ) ALG) KPHI(J)
l 1 Vet luye B 0000 [IASRIES] [ EE] V.0 l096 V00998 0401000 0.00793
1 2 0.159%% H.CO000 1e.onoce G.u2376 0.02188 0.00992 0.01000 0.02376
1 3 0.23850 t.00000 24.00000 0.039%0 0.03271 0.00983 N.01000 0.03950
1 4 0.31604 t.00000 12,0000 C.0%509 0.C4342 0.G0970 0.01000 0.05509
1 ) PRETELY pL.LlLEU 40000 G.O70417 0.03397 0.,00953 0.01000 0.07047
1 H DabtlGh B e CHON0O 48.00000 U, unshy 0.06431 0.00932 0.01000 0.085%4
1 ! Uahu2he HLUGCU 56.c0CCH RS 001440 0.00508 0.01000 0.10037
L H Datrl4l? B.00000 £4.00000C Calla77 0.08421 0.00881 0.01000 0.11477
1 9 O.CH334 B8.00000 72.00000 0.12874 0.049370 000850 0.01000 0.12874
1 10 (.74555 6.00000 8¢. 00000 0.,14222 0. 10284 0.00816 0.01000 0.14222
1 11 0.tl3ll #.00000 #t.00000 0.19515 O.l11l58 0.007748 0.01000 0.15515
1 12 Defilhibt PV TVIVEVES) Gé e i D01 DelOGTHD 0a11990 UL, 00738 0.01000 0.16750
1 18] Ceabdliv BJCOCOE  LLaLGLICE Cell921 N,12770 000695 0.01000 0.17921
L 14 Q.5H8548 6.00000 112.00000 0.19023 0.13513 0.00649 0.01000 0.19023
1 15 1.03551 H.CO00U0 120.000C0C 0.20053 0.14199 0.00601 0.01000 0.20053
L 16 1.08160 H.CO0U0 128.060000 0.21007 O.14831 0.00551 §.0106G0 0.21007
1 17 le123% HeCOOUD 136, C0uLE De.21881 J. 15407 0.00698 0.01000 0.21881
1 ] laltrl 2t d.COUNO 144, 00000 0.22671 0.15924 0. 00644 0.01000 0.22671
1 L& Laluans B CULOO  1%2.000CC Ca24370 0.15630L0 0.00388 0.01000 0.23316
L 20 1.22324 8.C0000  160.00000 0.23941 0.16774 0.00330 0.01000 0.23991
1 21 1.264135 8.C0CO0 168.00000 0.24515 V.171L04% UG.00271 0.01000 0.24515
1 22 l.26¢617 4. CO0OU  176.00000 0.24945 0.17369 0.00212 0.01000 0.24945
1 24 l.2H118 Ha COOQN  LH4.COUEC Q.25201 0.17564 0.00151 0.01000 0.25281
1 24 L2900 G.C06N0  192.000C0 Vedbbd) e LT700 0. 00090 0.01000 0.25520
1 25 1,29552 1.00000 200.00000 0.25643 0.17765 U.00028 0.,CL000 0.25663
1 26 1.28576 1.C0000 2Cl.00000 025688 O L7768 0.00020 0.Cl000 0.256848
1 20 14249592 1.C0000 202.00000 0.29692 0. 11770 0.00013 0.01000 0.25692
1 28 l.29¢01 1.00000 203.00000 0.256%4 0. 17772 0.00005 0.01000 0.25694
1 26 1.29602 1.C0NNO 2C4. CUOLC Le25695% U. 17772 -0.00003 0.01000 0.256495
2 1 UalHGAH t. 00000 4.00000 C.0I5H6 0.02192 0.019%0 0.,02000 0.01586
z 2 U I te COON0O l6.00uCH 0. 041752 0.0437% 0.u1985 0.02000 0.04752
2 3 Oadllll 8.C0C00 24.00000 0.07900 006542 0.01966 0.02000 0.C7500
2 4 N.63332 B.C0000 32.00000 0.11018 0.08684 0.01939 0.02000 0.11018
2 5 Q. 781712 4, 00000 40.00000 0.14094% 0.10793 0.01906 0.02000 0.14094
2 o D.931G7 4.CCC00 48, 00000 D LTLILT O.12801 0.018064 C.02000 0-17117
2 1 108515 t.00000 50.00000 0.20074 0.l4H8480 U.0LlHLE 002000 0.20074
2 # 1.22425% e CO00U 64, CONCEH 0.272955 Calnbin2 0.01761 0.C2000 0.2294%%
2 9 1.30664 8.C0000 72.00000G 0.25748 0.18740 0.01649 0.02000 0.25748
2 10 1.45860 t. 00000 80.00000 0.28444 0.205617 0.01631 0.02000 0.208444
2 il l.b2741 8.00000 8d.00000 Ga31031 0.2231l6 0.01557 0402000 0.31031
2 12 L. 74R 13 B4 CCI00 G96.C00C0 . 33500 0.254979 0.0l476 Q0.02000 0.33%00
2 13 1o 66337 B.C0000  LOALOUUDNO U. 35841 0.259592 0.01390 0.02000 0.35841
2 14 1.57C%h H.CC000  LlZ.000ee 0. 308046 Q.27027 Cc.01299 0.C2000 0.38C46
2 15 2.07102 8.00000 120.00000 Q.40L1017 0.28399 0.01203 0.02000 0.40107
2 16 2.16321 H.CO000 128.000C0 0.42014 V.27603 0.01102 0.02000 0.42014
2 17 2.24715 $.00000 136.000060 0.43762 0.308L4 0.00997 0.02000 0.431762
2 18 2o 37255 #.00000 144.00000 D.49343 Q.4ld48 0.00888 0.02000 0.4%343
2 16 230910 R« COOND  L52.00000 DalahTHL 0432760 0.00776 0.02000 Naab751
2 20 Zahhohb §.C0CN0  Lat,00dce Db 1932 V.33548 0.00601 0.02000 0.47982
F-] 21 2.449470 8.00000 168.00000 0.49030 0.34209 0.00543 0.02000 0.49030
¥ 22 2.53335 ¥.,00000 176.0C000 C.49891 Na34738 0.00423 0.02000 0.49891
2 23 2450235 8.00000 l&4.000CC 0.50562 0.35136 0.00302 N.02000 0.50562
2 24 2.5H161 He COGI0  132.U0000 (e 51041 . 35400 0.00179 0.02000 C.51041
2 25 2aBY10 3 0.0C000  200.0U0CU 0.5132% 0.39529 0.00056 0.02000 0.5132%
2 £ 6 2.:59152 1.CCCLU  ZCl.N000C g.91370 0. 45536 0.00041 ©.02000 0.51376
2 27 25918 1.00000 202.00000 0.51304 0.35541 0.00025 0.02000 0.51384
2" 28 2.992C2 1.C0000 203.000¢CC 0.51389 Ua35543 0.00010 0.02000 0.51389
2 29 2.59205 1.C0000 204.0000C Ce51391 0435543 -0.00005 0.02000 0.51391



TABLE 3--Continued

I J V(I _ RHO(I) yARD) RMMCI)  MI/MPC ACD AL RPHI(D
L} 1 Va2 34801 b COSOS Hae CUCEY Qe 2379 Ga03268 U.02994 C.03000 C.c2319
3 / et 803 e LCEON 1600000 V.07128 V.06563 Ua2977 U«03000 0.07128
3 3 0.71%1 1. 00000 24.00000 0.118%0 0.049614 0.02949 0.03000 0. 11850
3 4 AT #.00000 32.00000 D.105%27 OVa.13027 0.02909 €.03000 0.16527
3 5 l.1l806ed 8.C0000 4C.000C0H O.21141 (.16190 0.02858 0.03000 0D.21141
3 & 1.406H8 5.00000 4H,.Q0000 04250175 0.19292 0.02797 0.03000 0.256179
3 i leé?173 teCCORO 60, 000GC0 D.30111 C.22320 0.02124 0.C3000 C.i0111
3 a lobtiid 38 6. COCAY 6400000 Qa3hnadd 04252064 0.02642 0.013000 0.34432
3. 4 ¢ 0N CCY L UUC00 72.00000 0.33622 0«23111 0.02549 0.03000 0.386L22
3 10 2.2H985 #,C0000 AC.00000 0.42665 0.30851 0.02447 0.03000 0.42665
3 il 2.445)2 B.CC0N0 AB.00000 Gett0H46 0.334 14 0.02335 0.03000 0.465%46
3 1 detd $09 #.00000 9h, ODDA0 0s 50254 0, 359069 0.02214 0.03000 0650250
3 14 219509 vl CCCOC 1G4 0uB00e Qenstol 0.384%24 0.02085 0.C3000 U.53762
3 14 2atinbhh #.00000 112.00000 057004 0.40540 0.0L948 0.,03000 0.57069
3 15 1. 10654 H. 00000 12C. 00uCC Q.00160 0.42598 0.01804 0.C3000 0.60160
3 16 324481 #.00600 128,000C0 0.63021 0.44494 0.01653 0.03000 0.63021
3 17 3.37070 #.00000 136.00000 0.65643 0.46221 0.01495 0.063000 0.65H898
3 18 A,.4H355 3.00000 144.0000C 0.68013 047768 0.01327 0.03000 0.70038
3 149 dg 5P EC EeCOUVO 1%2.CC0OCTO C.TULLT 0.49126 ©.01157 0.03000 teT3T13
3 20 3601716 B.0U0UU 160, 00000 0.71941 0.50286 0.00965 0.03000 0.76897
3 21 3.73615 H.GOGOO  Les.0000C 0.73471 0.51240 Q.0CCT74 0.03000 0.79570
3 22 3.79Cu4 ¥.00000 176.00000 0. 74699 C.51982 0.00578 0.03000 0.81715
3 23 3.82908 t§,00000 184.00000 0.75616 0.52506 0.00378 0.03000 0.83316
3 24 385122 8.C0000 192.00000 D.76215 0.52810 0.00176 0.03000 0.084363
3 25 3. H8H2P5 1.00000 143.00000 ", 16312 eH2832 0.00150 0.03000 N.HB46 36
3 26 Jat89427 1.C0000  194.00000 C. 6402 0.52u851 0.0012% 0.C3000 O.H4688
3 21 3.85535 1.CCEN0  165.,000LG O.76421 Nen2866 0.00099 0.03000 Q.H4731
3 20 3. 85621 1.00000 196.00000 Q. 76446 0.52878 0.00074 0.03000 N.84766
3 29 3. uh682 1.00000 167.00000 0. 76461 0.52887 0.00048 0.03000 0.84791
3 30 3.85114 1.0C000  198.00000 0.76471 0.52891 G.00023 0.03000 D.84808
3 ] sJEG 128 1.00000 1645, 000010 Qo Th4TH N.52893 =0.00002 0.03000 Q0.084816
4 1 Ja31%70 H. 00000 t.0uoco 0.,03172 V. 04384 0.03%992 0. 04000 0.03172
4 2 DebdtlT . CUCOY 16.00080 0. 09504 0.048751 0.03970 0.04000 0.09504
4 3 0.64%427 #.00000 24.00000 0.15801 0.1308% 0.03932 0.04000 0.15801
4 4 126664 HeCOODDO 32.00000 0.22030 Cal 1269 0.03879 0.04000 0.22036
4 5 1.57424 H.C0CN0O 40,00000 Q.28189 0.21587 0.03811 0.04000 0.281849
4 [ 17584 Ha CO0DY 4d. CULOL 0.34233 D.25122 0.03729 0.04000 0.34234
4 ! 2.170%0 b COCOO e CLOOG Oaalhd 0297060 a03633 Ga 04000 0.4014b
4 8 245650 #.00000 G4 .00000 Qa4h909 Q. 33685 0.03522 0.04000 045909
4 9 2.13335 $.00000 72.00000 0.51490 C.374081 0.03399 0.04000 0.51496
4 10 2.99980 4. C0000 80,00000 0.56887 Os,4113% 0.03262 0.04000 0.56887
4 11 3.2544d2 t4.00000 ny.00000 0.62061 Q.44632 0.03113 0.04000 0.62061
4 12 3.449134 d.CQCEN b, BOUCU Cet6994 D 41957 0.0295%0 Ca04000 0.08200
4 L3 $.72596 1. 00000 1G4 0000 C.l167H 0.51092 Q.02706 0.04000 Q. 16438
4 14 3463917 e LOUOLD 112.0000C0 (e TGUGD 0.%4016 0.02564 0.04000 Q. 84100
4 15 4,1395% H.C0000 120.00000 0.80132 0.56709 0.02345 0.04000 0.91202
4 16 4e3138C He COUCU0  12H.00G000 0.838592 059153 0.02111 0.04000 0.97699
4 17 ot 1213 e 000N0  136.00000 N.887200 Da6L332 0.01862 0.04000 1.03546
4 1& e} l12A B (CCCU  L44.00000 QD901 54 V63232 0.01601 0,04000 108704
4 12 4. 1/H5% #.00000 1%2.00000 0.920%% 0.64840 0.01330 0. 04000 La13140
& 20 Gati2 3L e COODD 160.0000C C.9480C3 O.66145 U.01050 0.064000 110824
“ 21 4.896108 B.0CGO0 Lbd.00000 Ce906468 D.67139 U.00762 0.04000 1.19731
4 22 h.94546 4.00000 176.00000 0.9161717 0.67814 0.004170 0.04000 1.21842
4 23 hGTL22 #.C0000 LH4.000CC Ueth22 D.6H8l168 0.00174 0.04000 1.23144
4 24 haG 12180 1.00000 105, u0CCT [+ PR T S D.68189 0.00137 0.04000 La2 %1%
4 2N e Gifbia 1. CO000  1H6.u0000 0. 9500040 Q68205 UL00100 0.04000 1.2 34064
4 26 GaGTald l.0C0OCT L8 7.0000C O.9t624 D.68217 0.000063% 0.04000 123497
4 21 5.97522 1.00000 LA8.00000 0.980317 0.6A223 0.00026 0.04000 L.234519
4 28 4. S TH A 1.00000 149, 00000 O« 98642 .68224 =0.00011 0.04000 1.234528
% b4 e d24b? B C0000 . 0GOCE O«13965 0.0%480 0.04990 005000 004965
5 ? (P 1. 00000 16.00000 0.11881L 0.10939 J.06962 0.05000 O.lldasl
] 3 lalBZ2 i He CuUL0 24 00001 - O l2751 0.1635%6 0.04915 0.05000 N«.19791
5 4 labahdsC . COCNO 372 .0600C Ca2 1946 He21711 (VLY 0.05%000 Oe2Thb6
5 e L6119 1. 00000 40.00000 Q.315236 0.26983 0.04764 0.05000 0.35236
5 & 2a3h4nl 6. 00600 48,0000 Oe42192 0.32153 0.04661 0.05000 Q27492
5 1 2oll2nd g, 00000 56, 00000 0.%0184% 0.371200 V04541 0405000 0.5018%



TABLE 3--Continued

I__J V(D RHO(J)  Z(J) RMM(J)  MJ/MPC  A(J) A(0) RPHI (J)
B n [ W 000 b0 Vel snl Na62106 HaQa403 T 050G00 Q.5 F3H7
5 G Sttt e U1CI0 12« nne Qetr 37U Q46851 0.04249 0.05000 0.64310
Y Lu [P ETRE) neLoand TIPSR STV IS Ve t1109 0.51413 0.040067 0.05000 0.75%445
El 11 ha06640 b Q00D Hib. QOO0 Q. 15060 0.55760 G.03859 0.05000 D.86711
4 12 443064580 K. COUNO Gy, G000 U.d3641 0. 59866 U.03626 0.65000 0.91401
5 13 4abuhh]} . 0000 10400000 C.ddD432 0.53702 0.03308 0.05000 L.07444
5 L4 waN T4 EE G5 PERS N B R LIS I I a4l ety 1242 U.03087 0.C5%000 Lelb772
5 s Y.l dbtl de COCNO  L2C.ubUGG Ue dab (1) O 104064 G.027817 0.05%000 1.25325
Y 1o PR TR ¥.00000 128.00000 1.040%0 0. 13340 0.0244% 0.05000 1.38042
5 17 b.%3045 . CO000 1 36.J0UGH 1.07490% 0.7%836 0.02096 0. 05000 1.49642
[ i Hetul2uld Hae LODOO 144, C0OUCO Le L1310 0.771926 0.01713 0.C5000 1.59527
bl 19 I VEY A 1#.00000 15%2.00000 1.14027 0. 719585 0.01311 0.05000 1.67607
5 20 hLHN G2 B, CCEO0 160000500 lelbLud (.dC793 V.0Cdy2 0.05%000 1.74740
5 21 TN ta CO00U  ThtadOdun ™ L.17521 0.H1534 0.00459 0.04%000 1.HOLl%8
9 22 HeUbh 1Y BaCO0N0 17600000 lolib2a9 Q.8L797 0.u0U20 U.0%000 1.82949
5 23 5. 505CH 1.C0000  17t.06000 l.1u42648 081796 -0.00035 0.05000 1.83018
6 1 Oat Thh4G 8. 00000 H.0O0CC C.QaT54 0.0557a U.05%89 0.06000 0.04758
& 2 Q.455726 #.000u0 [ PRVISIVESIC Qs La257 Ua.1l3126 0.05954 0.06000 0.14257
6 3 latedlad L o b 411 2400000 Ua.23701 ColW027 V.05897 0.U6000 0.23701
6] 4 lodyuGe . 00000 32.00000 D. 33055 0.26:53 0.05d1u 0.06000 0.33055
o 5 2.3l 3y H.CCOUO 4G C0ugH U,h2283 (. 323d0 0.05717 0. 06000 Q.42283
6 6 2.81376 da CU0o0 H44.00000 0.513%0 O.3d584 0.05593 0. 06000 0.51350
& 7 3429545 #.00000 5¢.00000 U.60222 0.44640 0.05449 0.06000 0.60222
& ) 3.6845C d.C0000 64, 00000 0.63864 0.5u524 0.05277 0.06000 0.71524
& G 4 aUSiHA ] e CCCON 1200004 CaTl234 O.h0l199 0.,05071 0.06000 0.8&142
& 10 KPR ALY . GO0V RO, 00000 Uaub216 0.61630 U.04830 0.06000 1.00187
o 11 Gat6563 8.000C00 Bg. 00600 0492937 066179 0. 04557 0.06000 1.13566
<] 12 5.2224U 4.C0000 96, 0LINU L. 00166 C.71612 Q.04254 0.06000 1.26393
& 13 S.548617 teCOUDO lo4.acuce 1.06913 Q. 76086 0.03903 0.06000 l.46456
) 14 . 84505 t.CCONO 112.00000 le 13103 0.d0150 J. 03507 0.06000 1.64861
b LY Ha 10790 t. 00000 120.00000 le ltibo Q0.H44754 0.03064 006000 1.84544
& 16 Gad3320 Ha.Lu00U L2B.0uLUC 1.23526 Qe HoH45 0.02571 C.06000 2.05%620
-] 17 Ga51652 6. 00000 L3&.cC0Ce 1.27603 Uati3bu UL 02010 c.06000 2.334006
6 I 0.65047 8.00000 144.00000 1.30791 0.91193 0.01336 0.06000 2.8115%4
b 19 he 72554 8.00000 152.000U0 1.32910 Ca92224 0.00544 0.06000 3.29998
b 20 Ha 15046 1.C0000 153.00000 l1.33395 Ce92291 O.00441 0.06000 3.43107
& Z1 fia 13635 1.00000  1%4.0000C l.33482 U.32345 0.00337 0.06000 3445669
4 227 Ga13720 1.CCona 155, 000606 la33549 Oa92384 e 00253 0.C6000 3.47215
[} 23 G T3650G0 1.000040 Lhé6. 00000 1.34595 Ca92408 0.00128 0.06000 3.4852%
b6 24 Ge 13576 1.00000 157.00000 1.33621 0.92419 0.00024 0,06000 3.49210
& 25 Ha 73647 1.060000 158,00000 l.34675 0.92415 =0.00081 0.06000 3.49336
7 1 55541 8.00000 4.000u0d 0.39551 J.07672 0.069H7 0.071000 0.05551
1 2 lall&8C A, 0OUON0 1690000 Q.lb63d 0.15314 0.06947T c.CT000 0.16633
7 3 Latib Ity ¥ CHOOO 24,000C0 0.27T051 Ue.22898 V006880 0.07000 0.27651
1 4 A2l b2 #.00000 32.00000 0. 31564 0.30395 0.061788 0.07000 0.385064
1 5 2.15441 e COOVO 40.00000 0.49330 0.37777 0.06669 0.07000 (0.49330
7 [ 4.282172 He COCOU 48.00000 Q.59%08 Ouhb01l4 Q06526 0.07000 0.59908
! 1 JJT9le? 4.00000 56.00000 Q. 70259 0.52075 0.06344 0.07000 0.73960
1 ] el itk . Ceenn Ga. oGl Gen32/( V58919 (SR ] Q.C7000 091544
1 Y he 17654 . CO000 1200000 Ua 20044 0.659499 0.0580H 0.0/000 l.08519
7 1t .2 34060 e CNUOD Hu. Q00N (. 1359 U.7L772 0.05564 0., C1000 1.24773
7 11 Q. 60512 8. 00000 B8.00000 1.0d1087 Q.77683 008208 0.07000 1.50243
1 12 L. 0badb BaCCLUO G6 . J00U0 Leloaa? O.8%164% 0.0474d5 0.071000 1.76045
7 13 Gat2T02 Y.00000 LU4.00000 1.24037 0.8d139 Q04204 U.07000 2.09113
1 14 e Th424 FA S TSR I L1z2.cuned la 30832 Ca2467 [VETAVR CaQruun 2.819013
1 15 o Db Y 1 .00000 120.00000 1.30553 0.958249 0.025%24 Ua 07000 4.51351
1 16 1.12666 g.00000 1[239.00000 l.405%6 C.97724 0.00931 Q.07000 663709
1 L7 T.134%90 L« COQNNO 129.000G0 l4]136806 Ca917837 0.0071% 007000 T«.19077
1. \#8 7.1409% 1.00000 _ 130.00000 l.41524 0.91920 0.00497 0.07000 7.28529
7 19 T«l4482 1.C0000 131.00000 l.4lb26 021973 000276 007000 T«350913
T 20 f.1ha4l 1. CO0n0 13200080 Letlobl O 7990 0.0005%4 0.01000 T38742
i/ 21 folhh4l 1. 00000 134000080 le41692 D.9798d4 0001067 0,07000 T.19462
8 1 Uat 3615 B CAC00 H,000J0 D.0A374 0. 0t708 0. 07985 U 08000 Q. 06344
B 2 Le2/763% Ha00GO0 la.000ud U« 120049 0.17502 0.074939 0.048000 0. 15009
I} 3 l.90H45 $.00000 24. 000040 0, 31601 0.26170 0.07d63 Q0.08000 Oudloul
£} 4 2ab3324 #.C0000 3Z.0uund 0.ab0TH De3473d 007154 0.04000 0a640773



TABLE 3--Continued

I J v RHO(J) Z{.I) RMM(.J) MJI/MPC A(T) A(Q) RPHI(J)
d 5 bolanad 1.00000  40.00000 Q.un3T1 0.43113 0.0 l622 0. B8000 0.56411
d o PRI T B 000 AdL0000D 0atretbnd Qb 1442 UaliThn2 0408000 0.70H30
] ! e 13889 B, ChiCu bh OO0 Can2ud 09496 Oa7123% 0.08000 0.91472
U o 4.90676 6.00000  64.00000 0.91758 0.67284 0.064965 0.08000 1.11507
8 9 5.451CH 8.CH0N0 12.00000 1.02605 0. 74748 0.0664% 0.08000 1.34241
a 10 560062 d.C0u00  8C.00000 1.13342 0.0L617 0.006246 0.08000 1.65569
3 11 6 44610 §.00000  #4.00000 1.23243  0.68400 0.05757 0.08000 2.03731
4 12 Badloys H.COGOU 9600000 L.32373 U.14300 0.04999 0.0d000 3.1b0624
) {a210613 n. 00RO 104.00000 L. 40307 0.494932 0.03446 0,08000 b4 (]38




TABLE 4

Program for P = O.2Py and 4y = 0.075

1 FDRHAT(#X.IHI.QK,lHJ.Ex.ﬁHVlJ).6K.6HRHBIJI.5Xp4HZlJIg7lg
lSX.ﬁHHJIHPC.TK,%HA(J)uTXvﬁHAlOI.51|7HRPHIIJI!

34
32

21
22
23
24
25
26
27
40

DIMENSTON HM(IOOI.HMMIIDOJ.RPHII1001.A(100|,V[100).HIlOUJr

LRATLIO(10Q),2(100)
REAL MMy MNyMY,NPC
P=0.,2%36.0%¥9.12
MY=36.0%59.2
1=8
K=1
WRITE(G41)

FI=7.5

A0=0.01%FI

RHO=8.0

MM{1)=P*A0%RK0O/ 2.0
RHM{L)=MM(L1) /MY
RPHI(L)=RMM(1)
A{1)=A0-C.U003%RHOERPHIIL)
VIL1)=RHO®*AU=0,00015%RPHI (1) *RHO%*%2
M{1)=P*V(1)
MPC=576.0%¥0.866%0.96
RATIO(L)=M{L)/MPC

GHRMH(J Dy

WRITE(6,2) l.K.VIl‘.RHO.RHU,RHH(II.HATIﬂlll.l(l!.ADpRPHl(lI

FORMAT(21548FLL.5)

J=2

2(1)=RHO

RHO=8.0

MMUJI=MIJ=1)+P#A(J=-1)%RHO/2.0
RMM(J)=MH{J) /MY

1FIRMMIJ) oLE. 0.653) GO TO 21

IF(RMM(J) «LE. 1.000) GO TO 22

IFIRMM{J) .LE. 1.150) GO TO 23

[F(RMM(J) <LE. 1.227) GO TO 24

IF(RMM{J) .LE. 1.286) GO TO 25

[F(RMM{J) .LE. 1.318) GO TO 26

IF(RMM(J) .LE. 1.35%) GO TO 27

[FIRMM(J) «LE. 1.396) GO TO 40

[F(RMM{J) <LE. le44L) GO TO 4l
RPHI(J)=9.000+(RMH(J)=1.4411%4,000/0.049
60 TO 28

RPHI(J)I=RMM{J)

GO TO 28
RPHI(J)=0.653+(RMMIJ)I-0,653)%0.606/0.347
Go TO 28
RPHI(J)=1.255+(RMM[J)-1,000)%0.446/0.150
GO TO 28 ]
RPHl(JI=l.705*(RHHIJl-l-lﬁDl*O.Z?ﬁlO.ﬂT?
GO 10 28
RPHI(J)=2.000+(RMMIJ)=1.227)%0.402/0.059
GO 10 28
RPHI(J)=2.402+(RMM(J)=1.2861%0.598/0.032
GO 7O 28
RPHIIJ)=3-DOOi(HMHIJI-l.313l!1.000/0.037
GO 10 28

RPHI(J)=4.000+ (KMM(J)=1.355)%2.000/0.041
GO TO 28



TABLE 4—-Continued

4l
28

29

33

36

30
31

RPHIGJ) =6 000+ (HM(J1-1.39¢61¢3.000/0.045
AJI=ALI=1)=0.0U03 - HUsRPHT L)

IF(AlJ) .GE. 0.0) GO TO 29

IF(RHO .EQ. 1.0 JAND. A(J) oLT. 0.00) GO TO 29
[FLALJ) «LT. 0.00) RHO=1.0

GO 1O 32

VIJ1=ViJ=1) ¢Ald=1)%KHL=0,00015%RPHI (J) *RHO&*2
MlJ)=P*V(J)

RATIO(J)=MIJ)/MPC

201)=2(1)+RHO

[F{RATIO(J) «GC. 1.0) GU TO 30

[FL{RHO «EQ. 1.0 JAND. AlJ} .GE. 0.0000) GO TU 36
IF{ALJ) .LT. 0.0000) GO TU 30

WRITE(6,2) l.J.v:Ja.RHu.ztll.RnntJ).RATIG(JI.AIJ),AO.RPHI{JD
J=J+l

IF(RHO .EQe. 1.0) GO TO 32

GO TO 34

WRITE(G,2) I.J,V(J}.Hhu.ttl).RMHiJ).RATIDIJI,AIJI'AU.RPHIIJI
CONTINUF

RETURN

END




TABLE 5

Results for P = 0.2Py and oy = 0.075

i J viJ) RHO(J) id) RMM{J) MJ/HMPC AlJd) ALD) RPHI(J)
8 1 0.59943 t.00000 8.00000 0.05948 0.08220 0.07486 0.,07500 0.05948
8 2 lalyenhd 8. 00000 16. 00000 Na17821 U.l6408 0.0T443 0.07500 0.17821
] 3 Loluald 4. 00000 24.00000 0.29626 0.26534 0.07372 0.07500 0.29626
A 4 2.3749% 4,00000 32.00000 0.41314d 0.32566 0.07273 0.07500 0.41318
8 5 2.95169 4.00000 40.00000 0.52854 0.40475 0.07146 0.07500 0.52854
8 [ 3.51720 Y. 00000 48.00000 0.64187 0.48229 0.06992 0.07500 0.64187
] 7 4.,06860 8.00000 56400000 0.75277 0.55791 0.06793 0.07500 0.82724
8 8 4602141 th.00000 64.00000 0.80052 0.63109 0.06550 0.07500 1.01541
8 9 GellaTy t. 00000 72.00000 0.90440 0.70136 N.06262 0.07500 1.19687%
] 10 5.601 86 #.00000 80.00000 1.06372 0.76815 0.05915 0.07500 1.44B47
d 11 6,05839 H.00000 88.00000 1.1575% 0.83076 0.05499 0.07500 1.73387
& 12 0.41792 8.00000 96.00000 1.24475 0.88828 0.04990 0.07500 2.12093
8 L3 6.B84675 #.00000 104.00000 L.32389 0.913886 0.04231 0.07500 3.15910
8 14 7.13000 #.00000 112.00000 1.39100 0.97770 0.02850 0.07500 5.75607
[} 15 1.27408 8.00000 120.00000 1.43620 0.99754 0.00767 0.017500 B8.68008
8 L6 T.208096 1.00000 121.00000 l.44304 0499840 0.00492 0.07500 9.16663
8 17 T.28449 1.00000 122.00000 1.44402 0.99888 0.00214 0.07500 9.24620
8 18 1.28524 1.00000 123.00000 l.449444 0.99899 -0.00064 0.07500 G.28088




TABLE 6

Program for P = 0.6Py and ay = 00315 04025 ¢ 5

|
35

34
32

21
22
23
24
25
2¢

27

DIMIEAS T #MO100 ) kMM 100 o KPHTCLOD ) ¢ ALLOO) VI LOGT 4 ME1N0)
LRATTLOLIG) o2 0 100D

REAL MN+MHY NPC

Pa0.é6230.C%5,12

PY=3E,0%8,2

I1=1

K=l

WRITE (1)

FURMATLLHL o/ /727 vaX LHT 34X, IHY 35X 3 4HV(J) 36Xy 6HRHOLJ) 35Xy 4HI(J)
PTXy GHRMM (J) ¢S Xy OHMIZHPCy TXg4HALI ) 3 TXy4HALQ) 45Xy THRPHI(J))

Fl=1

AD=C.CLeF ]

RhC=E.0

MM =ERAUSRHOZ 2.0

KMM(1)=MMl1) /MY

RPHE(1)=RNNIL)

AlLL1)=A0-0.00C3%RHG*RPHI (1)

VL) =KHOSAG=0,000 19%) PRI L ) ®RHU*®?

M{Lli=PsV(1)

MPC=8T6,0%C 0E6¥GC 04

RATIC(L)=M{1)/MPC

WRITE(Ay2) TyKyVI1)yRRORHG RMM (1) 4RATICILI,ALL) o AURPHI(L)
FURMAT (215,8F11.5)

J=2

Zi1)=RR(

KHO=&.0

MMLJ)=N(J=1)+PeA(J=1)*RKH(1/2.0

KMH(J)=MN{J)/NY

IF(RMMIJ) LE. 12.75/5%.00) GO TO 21

IFIRMM({J) oLE. 22.00/5%.00) GC Tu 22

IFIRMMIJ) JLE. 29.759/55.0C) CC Tu 23

TF{RMMIJ) oLFa 34.50755.0C) GO TU 24

IFIRMM(J) +LF. 38.90/55.00) GO TO 25

IF{RMM(J) «LE. 41.25/55%.00) GU TO 26

IF(RMM(J) LE. 43.00/55.00) GC TG 27

IFARMMIJ) oLE. 45%.L075%.000 GU T0O 4C

IF(RMMIJ) JLF. 46.L0/55.00) GO TO 41l

IF{RMMIJ) JLE. 4E.50/55.00) €O TO 42

IFIRMM(J) «LEe 46.75/55.00) GO TO 43
RPHI(J)=78.40/11.20+(RMMIJ)=46,75/55.00)%440,0

GO TO 28

RPHILJ)=RMM{J)

GL TC 28

RPHI(J)=2.60/11.70¢ (PMMIJ)=12.759/95.00)1%(3,05/1La20)/(9.29/95.00)
GO TO 28
RPHI(J)=6.25/11.204(RMM(J)=22.00/55.0C)%(4.95/11.20)1/(7.75/55.00)
GU TO 28
RPHI(J)=11.20/11.204(RNM{J)=26.75/55.CC)%(%.00/LLa20)/(475/95.00)
GO TC zd

RPHILJ)=16420/11.20C+ [RMMIJI=364.50/55.00)1%(6420/11.20)/(4.40/55.00)
GO TO 2u
RPHI(J)=22.40/11.20+(REMIJI=38.9C/55.00)%(5.75/11.20)/(2.35/55.00)
GO 16 248 .
RPHI(J)I=28a15/11 220 (RMMIJI=41a25/599.00)%(%.45/11.20)7/(1475/55,00)
CO TO 2y



TABLE 6--Continued

40
41
42

43
28

29

i3

36

30

3l

HPHlIJI=1?.bGIlI.20t[HMMIJﬁ-ﬁ}.QUIEW;GCI‘?f.ED

Gu e 24

RPH[(Jl=kﬂ.d0/ll.200IRHH(JI-ﬁB.Oﬂlbﬁ.DCl*SS-O

GU YO 28

RPHIlJ)ﬂﬁﬁ.OOlll.ZﬂfIRHFIJI-ﬁb.OOIhS.OD)‘ll0.0

GO Y0 28

RPHI(JI=67-£CIII.?C'lHFPlJI-Ab.bOIEb.UﬂI'éZ0.0
AIJ)=AIJ—ll—0.0003¥RHﬂ*RPHlIJ)

1F(ALJ) «CEs 0.0 GC TC 29

1.0 +ANG. AlLJ) #LT. 0.00) GO Tu 29
IF(ALJ) oLT. 0.00) RHO=1.0

IF(RHU +EQ.

GO TO 32

vidi=vid=-1L)1+ALJ-

MlJI=P2VIJ)
RATIC(J)=M

(Jy/MPC

2(11=211)+RHO
.GE. 1.0) GU TO 31
1.0 .AND. A(J) .GEs. 0.0000) GO TO 36
IFLALJ) LT C.00L00 GU TQ 3C

IF(RATIONLID
IF(RHD «EC.

WRITE(6,2)
J=Jd+l
IF(RHO «FEQe
GU TQ 34
WRITE(642)
I=1+1

GU 1C 3%
CUNTINUE
RETURN

END

LedeVIJ)oRHUY

Il*PhD-0.000lﬁ#RPHIIJ)*RHD‘*Z

ZIl}.RMM(JI'RATlUiJJ|AlJl'ﬁﬂ|RPHl(JI

1.0) GO TC 32

JedeViJ)oRHGY

Z}l)'HMH(J).RATIQ!JI.AGJ);AO.RPHICJI




TABLE 7

Results for P = 0.6Py and Gy = 0:0%, 002, & ¢ »

1 J viJl whi(J) 1(J) HHM(J) MJ/MPC AlJ) A(D) RPHI(J)
1 i Detilsit? Hae COOUY Y. QUOQD Ua 02379 0.04922 U.0099% 0.01000 0.072379
1 2 Uelb863 U.C0000 16.000C0 U.07110 0.09789 0.00977 0.01000 0.07110
1 3 0.235%64 H.Q0000 24,00000 0.11760 U.14543 0.00949 0.01000 0.11760
1 4 C.31004 A.0CC00 32.00000 0.16276 0.19131 0.00910 0.01000 0.16276
1 b 0. 38CEE H.COC00 40.00000 0.20004 023501 0.004H60 0.01000 Q.20605
I & Jeth 118 Ha GOUVO 4. COOL0 Qs 24700 0.21594 0. 00798 0.0U1000 0.726156
1 7 V070 o, 0000 HhHe GUDCC C.2b8496 031333 0.0G717 0.01000 0433911
1 8 0e96131 6.C0000 64 ,00000 0.31909 0.34637 0.00621 0.01000 0.40125
1 Y 0,6C059 A4y 00000 72.0000C 0,34063 0,37430 0,0068]1 0,01000 0.45050
| i0 Qabadbl B.CEC00 d0. 00000 Q.37295 0. 349653 0.00360 0.01000 0.50561
i 11 Q.LOHEE H. Q0000 fu.00000 Os 3914d D.41296 0.00260 0.,01000 0.5415%
1 12 Uetitidd g 00000 S&. 00000 Qedltih V.42200 0.00123 U.Cl000 0.57008
1 ] Q.68502 1.CCO00 $71.000C0 Ua4LTL13 0.42270 0.0010% 0.01000 0.58039
1 14 0.68599 1.00000 98.00000 0.40775 0.42330 0.00088 0.01000 0.58235
i L5 0.68678 1.00000 96.00000 0.4082H 0.42379 0.00070 0.01000 0.58399
1 L6 0.68740 1.00000 100.00000 Q40869 0.42417 0.00053 0.01000 0.58531
1 17 O.0HTHS 1.00000 1Cl.0GOCH Ca4u901l Qeh2444% 0.00035 0.01000 0.50629
1 18 Ueh8810 1.C0000 1C2.GU000 0.40922 Ne4 2460 0.00018 0.01000 0.58695
1 19 CaaBd19 1.00000 1C3.000CC 0.40932 D.424066 0.00000 0.01000 0.587248
1 20 0.08810 1.00000 104.00000 0.40932 0.424060 -0.00018 0.01000 0.58728
2 1 N0.15954 8.CCCOU 8.00000 0.04758 0.09845 0.01989 0.02000 0.04758
2 2 0.3172¢ 8., C0000 16.00000 0.14220 0.19577 0.01954 0.02000 0.14220
2 3 Oat4T1%3 R.CCOV0 24.00GC0L 0.23520 N.29084 v.u1897 0.G2000 0.23870
2 4 Dabl1913 8.CCCOO0 32.00000 0.325417 V36204 0.01798 0.02000 Ua41362
2 b 0.75727 4. 00000 40.00000 0.41102 0.467T2H 0.01656 0.02000 0.592061
2 [ 0.88167 #.C0000 48.00000 0.48940 0.54404 0.01454% 0.02000 0.83971
2 1 V98750 8.CC000 56.00000 0.55900 0.60935 0.01192 0.02000 1.09349
2 B 1.06G952 8. 00000 64.00000 0.61570 0.65996 0.00859 0.,02000 1.38660
2 9 lel2241 He CUALO T2.00C0C 0.65657 0e69259 0.00463 0.02000 1.64915
4 10 lel42le 8.C00V0 80.0000C 0.6THO6L 0.70478 0.00031 0.02000 l.40163
2 11 lel4220 1.CO00N0 81.00000 0.61943 0. 70480 =0.00023% N.02000 1.80732
3 1 0.23931 8.C0C0O0 §.00000 0.07137 0.14767 0.02933 0.03000 0.07137
3 2 0.475%0 #.C0C00 16.00000 0.21331 0.29366 0.02932 0.03000 0.21331
3 3 0.70595 8.C0000 24.00000 0.35280 0.43562 0.02820 0.03000 0.46658
3 4 0492355 4.CCCCO 32.00000 C.48697 0.56989 0.02020 0.03000 0.83083
3 5 1.1200¢ H.00000 40.00000 0.61165 0.69115 0.02293 0.03000 136569
3 ] 1.28271 B, 00000 48,00CCU 0.72074 0. 79151 0.01714 G.03000 2.16179
3 7 1.38S66 4.CO000 56.00080 O.80513 0.85750 0.00900 0.03000 3.64121
2 8 1.3975¢ 1.00000 57.00000 0.42922 0.86263 0.00762 0.03000 4.60703
3 9 1.40485 1.CC0N0 58.00000 0.833175 O.d8h688 0.00616 0.03000 4.85617
3 1C La4lC24 1.CLONO 5G,00LCC0C 0.93741 0.87021 0.00462 0.03000 511532
3 L1 1.414CH 1.00000 6. 000700 O.840106 0.87256 0.00300 0.03000 5.417813
3 12 lealé2l l.0CCCO 61.000C0 0.84195 0.d7389 0.00131 0.C3000 5.61411
3 13 141667 1.CO000 62.00000 0.84273 0.A7417 -0.00040 0.03000 5.,70014
4 1 N.315CS 8.CO000 8.0GCCC 0.09517 0.19690 0.03977 0.04000 0.09517
4 2 0.63405 H.00000 L6.000CC 0.2644] 0.39125 0.09897 0.04000 0.33405
4 3 0.534835 H.00000 24.00000 N.4698% 0.%7902 0.03710 0.04000 0,17708
4 4 1«22003 8. CC0O00 32.00000 0.64639 0.75284 Ua03332 0.C4000 L.5187%
4 5 L.4b5leb6 #.CC0O0N 40.0000U 0.80492 0.8997T7 0.02459 0.04000 3.63525
“ & 1.47384 1.00000 41.00000 0.87074 0.90945 0.01975 0.04000 lb6a12451
4 7 1.49040 1.C0000 42.000CC 0.38249 0.91947 0.01337 0.04000 21.29420
4 8 1.50004 1.CCO0N0 43,0000C0 ‘0eB904% 0.92562 0.00593 0.04000 24.79206
4 4 1.502C2 1.CCN00 44 ,CU0C0H 0.R9394 N.92684 -0.00197 0.04000 2634346
5 1 0. 39086 0. C0C00 #.00000 Q. 11896 0.24612 Q.04%971 0.05000 0.11896
5 2 079204 8.COC00 16.00000 Le 35551 0.488T4 0.04844 Q0.05000 Q.471d1
5 3 lalbbd3 8.00000 24.00000 0.58664 0.72124 0.04561 0.05000 1.23658
5 4 L.49916€ 8.00000 32.000CC C.80472 0492507 0.03697 0.05000 3.00236
5 5 1+5316C 1.00000 33.000CC 0.902067 0.94509 0.02792 0.05000 30.17464



TABLE 7--Continued

T . J v(I) RHO(TY  Z(I) RMMLIY  MI/MPC  A(I) A(0)  RPHI(I)
LY O lak93%0 laCU00 34.00uCC 091927 Q0.95H85% D.01667 U.0%000 37T.46C4Y%
9 4 lebouls 1.Coun0 3900000 Qaf291Y Oe0527 Ne00412 0.U%000 4184361
5 B 1ol 1.00000 36.00000 0.93164 He963H3 -0.00876A N.05000 42.92158
b i De4THOS3 8.00000 8.00000 Q«14275 0.29534 0.0596A U« 06000 0.14275
-] 2 0.94573 d.0LCUO 16.00000 Osa420061 0.58604 0.05812 0.06000 0.64151
O 3 139575 8. 00000 24.00000 0.70315 O.d86126 0.05439 0.06000 1.971469
b 4 1a4h821 1.0CON0 29.0000C Q4604 0. 893064 0.C515% 0.06000 612928
[4) 5 149645 ] . 30300 206.00000 D.87670 ¢.92371 D.04592 0.06000 lB. 74875
“ & lehidlt L. 0uobu 27.00000 U, #0402 0494920 0.03669 Qa 06000 30.76674
b 7 La%6049 1.00000 28. 00000 0.92584 0.96810 0.02458 0.06000 40.36957
& ] l.58&45 1.00000 29.000CC 0.94046 0.97894% 0.01054 0.06000 46.80215
b 9 1.58556 1.00000 30.00000 Q.94673 0.98086 -0,00433 0.06000 49.56137
7 1 U.%984C 8.CO000 4.00000 Q. lbb5G Ca34457 0.06960 0.07000 0.16654
1 2 l.1065C 8.C0000 16.00000 Q.49772 0.68303 0.06753 0.07000 0.86452
4 841902 0,99240 0,0578 (9] 0



TABLE 8

Program for P = 0'6PY and ay = 0.065

DIMENS TUN MM {1000 fRMM(LOO) RPHICLO0), ALLO0)yVEL100) 4MIL00)
IRATIOIL00),21100)

REAL MM, M,MY,MPC

P=0.6%36.0%9,12

MY=36.0%9,2

=7

k=1

WRITE(6,1)
1 FORMAT (4Xy LHE 64Xy LHJ 25X p@HV (J ) g 6Ky SHRHOLJD 35X g 4HZ L) ¢ TXo GHRMMEJ )y
15X, 6HMI/FPC e TX o 4HALI) yTX 4HA(Q) s 5Xy THRPHI(J) )

Fl=6.%

AU=0.014%F1

RHO=R .0

MM{1)=P®AU*RHO/2.0

RMMUL)=MML L) /MY

RPHI(L)=RMM{1)

A1) =AL=C.0003%RAC*RPHI (1)

V1) =RHUSAQ=0.00019%RPHI(1 ) »RHO**2

ML) =P&V (1]}

MPC=5T76.0%0.B866%0,064

RATIO(L)=M(1)/MPC

WRITE(642) [ oKeV(1)sRHOyRHOyRMM(L) 4RATIO(L)+ACL) 4AD RPHILL)
2 FORMAT(215,8F1L1.%)

J=2

2i1)=RHO
34 RHU=8.0
32 MM{J)=M(J=1)+P¥A(J=1)}*RHD/2.0
RMM{J)=MM(J)/NY
[FIRMM(J) oLFa 12.75/55.00) GO 10 21
IF(RMM(J) JLE« 22.00/55.,00) GO TO 22
IF(RMM(J) .LF. 29.75/55.,00) GO 10 23
IF(RMM{J) LE. 34.50/55.00) GO TO 24
IF(RMMIJ) .LE. 38.90/55.00) GO TO 25
IF(RMM({J) JLE. 41.25/55.00) GO TO 26
[F{RMMIJ) +LE. 43.00/55.00) GO TO 27
IF(RMMIJ) JLE. 45.00/5%.00) GO TO 40
IFIRMM{J) oLC. 46.00/55.00) GO TO 41
IF(RMM(J) «LE. 46.50/55.00) GO TO 42
[FIRMM{J) «LE. 46.75/55.00) GO TO 43
RPHI(J)=78.40/11.20+(RMMIJ)-46.75/55.00)1%440.0
GO TO 2H
21 RPHI(J)=HMM(J)
GU TO 28
22 RPHI(J)=2.60/11.20+(RMM{J)=12.75/55.00)%(3.65/11.20)/15.25/55.00)
GU TO 28
23 RPHI(J)=6425/11.20+(RMM(J)=22.00/55.00)%14.95/11.20)/(7.75/55.00)
GO TO 28
24 RPHITJ)=11420/11.20+(0MMIJ)=29.75/55,000%(5.00/11.,20)/(4.75/55.00)
GO TG 24
26 RPHI(J1=16420/11.20+(RMMIJ)=34.50/55,00)0%16.20/11420)/(4.40/55.00)
GO TO 28
26 RPHI(J)=22,40/11.20+(RMMIJ)=38.90/55,001%(5475/11.201/(2.35/55.001)
GO TO 24
27 RPHI(J)226.15/11 4204 (RMMIJ)=61425/55.00)%(5445/L14200/81475/55.,00)
GO TO 2H



TABLE 8--Continued

40 RPRITJI=33.60711420+ (RMM(J)=43.00/55.000%27.50
Gu T0 28

41 RPHI(J)=44.80/11.20+(RMM(J)=45.00/55.001%55.0
GO TO 28

42 RPHI(J1=56.,00/11.20+(RMM(J)=46.00/55.001%110.0
GO TO 28

43 RPHI(J)=67.20/11.20+% (RMM(J)=46.50/55.00)%220.0

28 A(J)=A1J-11=0.0003«RHO*RPHI(J)
IFtALJ) «GE. ©0.0) GO TO 29 )
IF{RHO .EQ. 1.0 .AND. A(J) .LT. 0,00} GO TO 29
IF(A(J) «LT. 0.00) RHO=1.0
GO 1O 32

29 V(J)=VIJ=1)+A(J=1)%RHO=0,00015%RPH1 (J) ¥RHO®**2
MiJY=P®Vid)
RATIO(J)=MLJ)/MPC

33 Z(1)=2(1)+RHO ;
IF(RATIO(J) +GE. 1.0) GO TO 30
IF{RHO +EQ. 1.0 .AND. A(J) .GE. 0.0000) GO TO 36
IFLA(J) .LT. 0.0000) GO TO 30

36 WRITE(642) [ydoVIJIRHOZZCL )y RMMIJ) yRATIO(J) o ALJ] v AUy RPHI(J)

J=Jd+l
IF(RHO +EQ. l1.0) GO TO 32
GO TO 34

30 WRITE(6,2) 14JdyVIJ)RADZZCT)RMMII) (RATIO(I) 4ALJ) sAD,RPHILJ)
31 CUNTINUE

RETURN

END




TABLE 9

Results for P = O.6Py and Gy = 0.065

I J Vid) RHO(J) ZiJd) RMM(J) MJ/MPC ALJ) ALO) RPHI(J)
7 1 De51852 4, 00000 H. 00000 0. l5464 0.31990 006403 0.06500 0.15464
T 2 1.02842 #.00000 16.,00000 D.46216 0.63453 G.06282 0.06500 0.75302
7 3 1.50513 8.00000 24.00000 0.76109 0.92876 0.05638 0.06500 2.68294
7 4 1.55637 1.00000 25,00000 0.91200 0.95038 0.04610 0.06500 34.27789
1 5 1.,59552 1 ,00000 26.00000 0.93941 0.98454 0.03220 0.06500 46.34225
7 6 1.61950 1.006000 27.00000 0.95856 0.99933 0.01577 0.06500 54.16822
I it Leb264% 1.00000 28.00000 0.9h794 1.00361 -0.00190 0.06500 58.89426
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Deflection Curves for columns bending about the weak axis under exter-
nal end moments (symmetrical single curvature) and in the presence of axial
thrusts (1) P = 0.2 Py and (2) P = 0.6 PY have been developed using the con-
cept of Column Deflection Curves or CDC's. Strengths of columns with slender-
ness ratios 20, 30, and 40 have been estimated and the results compared with

those for bending about the strong axis.
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