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INTRODUCTION 

The }Jur:pose of this thesis is the derivation of the 

general algebraic expressions for the angular functions of 

beams with sudden changes in section. The string polygon 

is used for the derivation of these formulas. An IBM 650 

computer program was compiled for the solution of these 

expressions. Using the program, tables of nwnerical coef

ficients for angular functions were compiled. 

The material in this thesis is an outgrowth of a series 

of seminar lectures given by Professor J. J. Tuma (1) in the 

Spring of 1960. Chu (2) showed how the string polygon could 

be used to solve for beam constants. Tuma, Lassley, and 

French (17) developed tables of angular functions for beams 

with parabolic haunches. Boecker (5) compiled tables of 

angular functions for beams with linear haunches. 
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CHAPTER I 

THE THEORY OF THE STRING POLYGON 

1-1. Definition 

The development of the string polygon equation is based 

upon elementary structural relationships and makes use of the 

theory of simple bending. A simple beam of variable cross 

section loaded by a general system of loads is considered 

(Fig. 1-1). 

i j 

Fig. 1-1 

Simple Beam AB 
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The elastic curve of the simple beam AB is shown in 

exaggerated form. The string polygon is a straight line 

representation of the elastic curve. 

Three arbitrarily selected points on the elastic curve 

are denoted as i, j, and k. 'l'he change in slope between line 

ij and jk is designated by¢. (the change in slope of the string 
J 

polygon). The algebraic expression for this change in slope 

is given by~ 

¢. = G, .M, + M .I: F, + G1 .M.. + L r.. 
J J. J J. J J .r!.:J - -i,.:: J 

(1-1) 

where: 

M. = the bending moment at i. 
J. 

M. = the bending moment at j. 
J 

Mk = the bending moment at k. 

F .. = the angular flexibility of the simple beam ij at j 0 

J J. 

Fjk = the angular flexibility of the simple beam jk at j. 

G .. = the angular carry-over value of the simple beam ij 
l. J at i. 

G1 ~ = 
.r(J 

the angular carry-over value of the simple beam kj 
at k. 

7.. = the angular load function of the simple beam ij at j. 
J J. 

7.1 = the angular load function of the simple beam jk at j. 
J !.: 

This form of the change in slope was derived by Tuma (1). 

The :physical interpretation of the constants G .. 1 G .. , 
J.J Jl. 

F .. , F .. ,T . . , and 7.. can easily he shown. These constants are 
JJ. J.J J.J JJ. 

called angular functions. 
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1-2. Angular Functions 

a.) The angular flexibility F .. is the end slope of the 
Jl. 

b O) 

simple beam i;j at j due to a unit moment applied at 

that end (Fig" 1-2). 

=1Li 2 
F .. X dx (1-2) 

J]. L~ EI 
]. X 

The carry-over value G. . is the end slope of the 
l.J 

simple beam i~ii at i due to a unit moment applied at 

the far end j (Fig. 1-2). 

L. 
]. 

Gij = 1 l L. 

M=l 

F 
ji 

xx'dx 

L~ EI 
1 X 

Fig. 1-2 

(1-3) 

M:::l 

L. 
J 

Angular Flexibilities and Carry-Over Values 
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C • ) The angular load function/ .. is the end slope of 
J l. 

the simple beam ij at j due to loads (Fig. 1-3). 

7ij = 1 JL. 

L. 
l. 

BM x dx 
X 

LEI 
X 

Fig. 1-3 

Angular Load Functions 

(1-4) 

L. 

It has been shown that when the changes of slope of the 

string polygon ¢i, ¢j, ¢k are applied to the conjugate beam 

as elastic loads at points i, j, k the resulting shear and 

moment diagrams represent the slope and deflection of these 

points on the real beam (1,5,6). 
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CHAPTER II 

PROPERTI:ES OF BEAMS 

WITH SUDDEN CHA1'TGES IN CROSS SEC'rION 

2-1. Definition of Problem -------------~-
The general expressions for the angular flexibilities, 

carry-over values, and load functions for two typical beams 

with sudden changes in cross section will be derived in a 

later chapter. The geometry of these beams and some typical 

functions are investigat,ed. first,, It will be shown that the 

final angular functions are always a combination of the 

angular functions of the straight portions of the b·eam and 

haunch. 

Unsymmetrical Beam 
With a Sudden Change in Cross Section 

5 
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Figure 2-1 shows an unsymmetrical beam with a sudden change 

/ in cross section where: 

~ = the ratio of the haunch length to the total length. 

a. = 1-~. 

IA = the moment of inertia of section AC. 

IB = the moment of inertia of section BC. 

I = IA. 
0 

µ = IA/IB• 

~ ~ © .~ ~ 
I 

L 

Fig. 2-2 

Symmetrical Beams 
With Sudden Changes in Cross Section 

Figure 2-2 shows a symmetrical beam with sudden changes 
J,.,, 

in cr.oss section where: 

~ = the ratio of the haunch length to the total length. 

a. = 1-2~ • 

I A = ·IB = the moment of inertia of the haunch • 



IC= 10 = the moment of inertia of section EF • 

µ. = Io/IA • 

2-2. Geometry of Bar 

A bar of constant cross section shown in Fig. 2~3 is 

considered. 

y yl 

L., -

Fig. 2-3 

Bar of Constant Cross Section 

a.) Angular Flexibilities and Carry-Over Values 

The angular flexibilities for a bar of constant cross 

section are (Eq. 1-2): 

F .. = 
l.J 

F .. = 
J J. 

L. 
J. 

3EI 
0 

L. 
J. 

3El 
0 

The carry-over values are (Eq. 1-3): 

G .. = 
J.J 

L. 
l. 

6EI 
0 

(2-1) 
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1-4. 

G .• = 
J1 

L. 
1 

6EI 
0 

b.) Angular Load Functions 

(2-2) 

The angular load functions are found using equation 

The angular load function for a uniform load is: 

L~ 
l. 

24 EI 
0 
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CHAPTER III 

BEAM CONSTANTS BY THE STRING POLYGON 

3-1. General 

This chapter is devoted to developing beam constants 

for symmetrical and unsymmetrical beams with sudden changes 

in cross section by the method of the string polygon. 

3-2. Unsymmetrical Beam 

A beam of length L with one haunch of length L~ is 

considered (Table 3-1). The angular functions for a straight 

bar of constant cross section in portion AC and another bar 

of constant cross section in portion CB are considered. The 

moment of inertia of any cross·· section in AC. is'" I . Similarly, 
0 

the moment of inertia of any cross section in BC is I/µ. 
0 

The angular constants of this beam are derived for five 

separate cases. First,a unit couple is applied at end Band 

the end slopes of the elastic curve are calculated by the 

string polygon method. Similarly, the end slopes of the elastic 

curve are then found when the beam is loaded by: a unit couple 

at A, .a uniform load, a uniform haunch load, and a conc~mtrated 

load. 

In all cases the following procedure is used: 

· (a) The bending moment diagram due. to the applied 

load is drawn. 

9 



(b) The given beam is divided into a necessary 

number of segments and the string polygon 

elastic weights are calculated for each 

segment~ 

10 

(c) The elastic weights are applied to the 

corresponding conjugate beam and the reactions 

of the conjugate beam are the required functions. 

For simplicity the calculations are recorded in the following 

self-explanatory tables. 
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TABLE 3-la Unit Moment at B--- Sketch 

G 
AB 

Bending 
Moment 
DiagraJ!) 

Elastic 
Curve 

String 
Polygon 

Beam 

Conjugate 
Beam 
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TABLE 3-lb Unit Moment at B--- Calculations 

Elastic Weights: 

Reactions: 

!(a.3 3 L 
F'BA = + µ - µa. ) ET 3 

0 

1 2 2 L F GAB = -(a + µ -µa) EI -2 BA 
0 

·~ 
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TABLE 

=l ( 

3-2a Unit Moment at A--- Sketch 

~ ~ 
Loaded 
Beam 

_ _ha. ___ L 
L 

~~+~~~~~~~~~~~~~~;:==~~~ Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 
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TABLE 3-2b Unit Moment at A--- Calculations 

Elastic Weights: 

¢A = FAC ~GCA + 

¢c = GAC + ~(FCA + Ii' ) CB 

¢B = ~GCB 

Reactions: 

F AB == [a. + µ - µa. J Ei
0 

- 2GAB - FBA 
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,----------------·-------·---------:-----------. 
TABLE 3-3a Uniform Load on AB--- Sketch 

w #/ft. 

(UL) 
TAB 

La. L 
L 

,....(UL) 
I BA .. 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 
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TABLE 3-3b Uniform Load on AB--- Calculations 

Elastic Weights: 

¢A 
2~ (UL) 

= wL 2 GCA + !CA 

¢c ::: 
2~ 

wL 2(FAC + FCB) +[}UCL) 

¢B = 2~ 
wL 2 GBC + 

(UL) 
T BC 

Reactions: 

1 4 4 wL3 
8 (a +µ~µa) EI 

0 

2 T (UL)= wL G (UL) 
AB 2 AB - 7 BA 
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TABLE 3- 4a Uniform· Load 

y 

1 (HL) 
AB 

a. 

on CB---

© 
Sk.etch 

L 

7 (HL) 
BA 

0) 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

' 

Conjugate 
Beam 
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TABLE 3-4b Uniform Load on CB--- Calculations 

Elastic Weights: 

2 wL 2 (UL) 
¢B = 2 ~ °'C\Jc +T BC 

Reactions: 

2 G . 2 3J (HL) rr 2 1 .l:. l!.:!i.. wL 
,,..,- - .i::.... wL F - - (n - N,i + 2 - 2) E---I . ' BA - 2 . BA 6 I"' '"'I"' 

0 

i'HL)_ R2 2 · a.2 · a wL3 _ 7 (HL) 
.i::.... ( .!!... + .l:. - l:!:!... - !. - l!:.!:) 

AB - 2 2 2 2 3 3 EI BA 
0 



19 

TABLE 3-5a Unit Load 

~ Ln 

J.LL) 
AB 

CD 
·f E 

a. 

on AC--- Sketch 

~ Ln-' 

____ _ ---1,& 

!,LL) 
BA 

Loaded 
Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 



TABLE 3-5b Unit Load on AC--- Calculations 

Elastic Weights: 

¢A = Lnn'GDA 

¢D = Lnn' (Ii' 
DA 

¢c = Lnn'GDC + 

jlfB = Ln~GCB 

Reactions: 

(LL) 
7 BA = LnGBA -

+ FDC) + Ln~GCD 

L~n(FCD + FCB) 

Q 3]· 2 n · L 
6 EI 

0 

(LL) ( ) [n Z] L 2 ( LL) 
7 AB = Ln GBA + li'AB - 2J Er - T BA 

0 

20 
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TABLE 

Lnn' 

3-6a Unit 

q2 

(LL) 
7 AB 

Load on 

Ln 

La. 

L 

CB--- Sketch 

~ i~l q> 

1 (LL) 
BA 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 
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TABLE 3-6b Unit Load on CB--- Calculations 

Elastic Weights: 

¢A = Lcx.n'GcA 

¢c = Lcx.n, (F CA + FCA) + Ln'nGDC 

¢D = La.n'GDC + Lnn'(FDC + FDB) 

Reactions: 

_(LL) rl!:. 2J L2 _ ...,...(LL) 
'[BA= Ln'(GBA + FAB) - l_2 (n') j EI0 1 AB 
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,3-3. Symmetrical Beam 

A beam of length L with two symmetrical haunches of 

length L~ is consider'ed (Table 3-7). The angular functions 

of a bar of constant cross section in portion AE, a bar of 

constant cross section in portion EF, and another bar of 

constant cross section in portion FB are considered. The 

moment of inertia of any cross section in EF is I. Similarly, 
0 

the moment of inertia of any cross section in AE or .F'B is 

I/µ. 
0 

The angular functions of this beam are derived for four 

separate cases. First, a unit couple is applied at A and 

the end slopes of the elastic curve are calculated by the 

string polygon method. Similarly, the end slopes of the 

elastic curve are then found when the beam is loaded by: 

a uniform load, a uniform haunch load, and a concentrated 

load. In all cases the procedure used is the same as that 

used for unsymmetrical beams. 
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TABLE 3-7a Unit Moment at A--- Sketch 

L 

+ 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

St.ring 
Polygon 

Conjugate 
Beam 
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TABLE 3-7b Unit Moment at A--- Calculations 

Elastic Weights: 

Reactions: 

ex. a.3 ,1. ,1.a. µa. 3 ) L 
F AB = ( 4 + 12 + 3 - 4 - 12 EI 

0 

3 3 
GBA =GAB=(~ - !:_ - 1!: - ~ + ~) ~ 4 12 6 4 12 j!jJ 

0 

By symmetry: 
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TABLE 3-8a Uniform 

~ 

~A 

r(UL) 
AB 

~ 

Load 

w 

on AB---

La. 

L 

Sketch 

$ 

L 

(UL) 
IBA· 

Loaded 
Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 
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TABLE 3-8b Uniform Load on AB--- Calculations 

Elastic Weights: 

¢A wL2 }UL) 
= [3(l-~)GEA + AE 

2 

¢E 
2 

+ FEF + GEF) +LTE = w~ ~(J.-~)(FEA 
2 

¢F = ¢E 

¢B = ¢A 

Reaction: 

(UL.) 7 (u.L) 2 
'i AB= BA= GBA wL 

4 
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TABLE 3-9a Uniform Load. on Haunches--- Sketch 

7 (HL) 
AB 

L 

r(HL) 
BA 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 
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TABLE 3-9b Uniform Load on the Haunches--- Calculations 

Elastic Weights: 

¢A= wL2 2 7 (UL) 

4 
13 GEA+ AE 

¢E wL2 2 
+ FEF + ~F) 

r(UL) 
= 13 (FEA + EA 

2 

Reactions: 

"T"(HL) _ 7 (HL) _ .it [:a _ .!!:J! ! J L 'J 
' AB - BA - 2 3 3 + 2 EI 

0 
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TABLE 3-lOa Unit Load on AE--- Sketch 

. (tL) 
7 AB 

L(3 

7 (LL) 
BA 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon· 

Conjugate 
Beam 
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TABLE 3-lOb Unit Load on AE--- Calculations 
' 

Elastic Weights: 

¢A= Lnn'GDA 

Reactions: 

,..,.(LL)_ [(µn 3 fl L2 
' BA - nLGBA - 6 ]EI 

0 

Q 2 J 2 ) (LL) (µn ) _h_ LL 
7 AB = nL(FBA + GBA) - 2 EI - f BA 

0 
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TABLE 3-lla Unit Load on EF--- Sketch 

Lnn' 

l .-, ----,. 1 

(LL) 
7 AB 

r 

L 

! 

I 
I 

I 
f6F 

7 (LL) 
BA 

Loaded Beam 

Bending 
Moment 
Diagram 

Elastic 
Curve 

String 
Polygon 

Conjugate 
Beam 



TABl!E 3-lla Unit Load on EF--- Calculations 

Elastic Weights: 

Reactions: 

,r-(LL) fa a.2 
I AB= Ii (a+µ - µa - 2 

n n 2J L2 (LL) 
+ 2 - 2 Ei' 0 - r BA 

2 
l!:+µ~)-1 
2 2 8 



CHAPTER IV 

PROGRAM FOR THE IBM 650 ELECTRONIC COMPUTER 

4-1. General 

Programming for the solution of any problem on a digital 

computer is accomplished in two steps. First, a drawing showing 

each phase of the problem and the sequence of operations is made. 

Second, from the drawing, flow chart, a series of instructions 

for the computer is established. 

The program in this chapter was prepared in floa ting decimal 

arithmetic for the IBM 650 Electronic Computer at Oklahoma State 

University's computing center. The coding form used is that of 

I.B.M.'s Formula Translator hereafter referred to as Fortran. 

The Fortran system may also be used with the I.B.M. 704. 

4-2. Input Card Format 

The description of the beam for which constants are desired 

is introduced to the computer with ten words on two cards. The 

dimension coefficients areµ, the ratio of the moments of iner

tias, ~, the length factor, and N, the live load factor. The 

symobls 6µ, 6~, and 6N are the increments by which the dimension 

coefficients are to be increased. The symbols µmax, ~max, and 

Nmax are the maximum values which the dimension coefficients may 

attain. The beam type number is one for unsymmetrical beams and 

two for symmetrical beams. Floating decimal arithmetic is used 

for all words (Fig. 4-1). 

34 



.. 

µ 6.µ 

1 10 11 20 

N 6.N 

1 10 11 20 

-

µmax ~ 6.~ 

21 30 :n 40 41 

I I, 

I I 

Nmax Type 

21 30 31 4( 41 

I I 
I r 

Fig. 4-1 
Input Data Cards 

+ 
~max .73 

50 51 60 61 70 71 

C ard 1 

+ 
73 

50 51 60 61 70 71 

Card 2 

The general data cards for unsymmetrical beams will be 

(Fig. 4-2): 

µ = o-. 95 in increments of 0.05• 

~ = 0.1----1.0 in increments of 0.1. 

N = 0.1---0.9 in increments of 0.1. 

35 

80 

80 
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+ + + + 
000000000050(X)00004 950000005 1000000050 000000050 000000050 

1 10 11 20 21 30 31 40 41 j 60 l 

Card 1 

·100000005 100000005 1000000051 

.1 10 11 20 21 30 31 

Card 2 

Fig. 4-2 
General Input Data Cards for Unsymmetrical Beams 

4-3. Output Card Format 

The angular function coefficients will be in floating decimal 

form on a number of cards depending upon the input data. 

The beam identification numbers 
+ + 

5000000050 and 3000000050 

will appear on the first output card for which 

and the number 

µ = 0.5 

'r.i. 
I" = 0.3 

+ 
4000000050 



will appear card cont~ining influence coefficients for n = 0.4. 

1 

1 

The first output cards will be arranged as follows: 

µ 

10 1 

t(HL) 
BA 

10 1 

20 21 

t(HL) 
AB 

20 21 

g f• 
AB 

(UL) 

t BA 
(UL) 

t AB 

30 31 40 41 50 51 60 61 70 71 

30 1 40 1 50 51 

Fig. 4-3 
First Output Cards 

Card 1 

60 61 70 71 

Card 2 

The angular live load coefficients will appear as follows: 

37. 
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N 

l 

t(LL) 
BA 

10 l 20 l 3 31 

Fig. 4=4 
Output Card for Live Load Coefficients 

4-4. Flow Chart 

38 

The flow chart (Fig. 4-5) was prepared as an aid to setting 

up the sequence of instructions to the computer. 

Read 

110 

Branch on 
Beam Type 

Fig. 4-5 
Flow Chart 



11 :>. 1 

a = A 

--

.. 

Is a minus 

~ ', 

117 • 

Compute XR{l) 

,, 

Compute XR{2) 

1' 

Compute XR(3) 

, 

Compute XR(4) 

1 t 

Compute XQ(l) 

,11 

Fig. 4-5 (Con't.) 
Flow Chart 
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113 I• 

a = A -i3 

--

116 
¢ 

Load Dist. 
1888 and stop 



Compute FBA 

Compute G ·. 

Compute FAB 

Compute XQ(2) 

Compute XQ(3) 

Compute XQ(4) 

Compute X(I) 

Com ute X(2) 

Compute X(3) 
/ 

Compute X(4) 

Branch on 
Beam Type 

Fig. 4-5 (Con't.) 
Flow Chart 

Compute F 

Compute G 

-'UL) Compute 7' 
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(UL) 
Compute 7 BA 

(UL) 
Compute 'T AB 

(HL) 
Compute 7 BA 

(HL) 
Compute 7 AB 

= 1-N 

Branch on 
Beam Type 

(LL 
Compute 7 AB 

Fig. 4-5 (Con't.) 
Flow Chart 

(HL) 
Compute 7 

70 

Is N~~ 

N' = 1-N 

N" = .5-N 

41 
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~I_s_N_.c::::.._N,-n_1a_x __ ...1~ Go to 150 

Is ~~~max 

µ = 1J, + ~µ 

Is µ <: ,µmax 

End 

Fig. 4-5 (Con't) 
Flow Chart · 

Go to 110 

Go to 110 
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4-5. Statement of Program 

The following program (Fig. 4-6), assembled in I.B.M. 650 

Fortran, will calculate beam constants including IO-point influ-

ence coefficients for beams of either type for whichµ is ex-

pressed as a multiple of 5 hundredths. Provision is made for 

beams of constant moment of inertia and the program will give 

correct results for~ equal to zero. 

The program will give misleading results for~ equal to 

l for the unsymmetrical beam and~ equal to .5 for the symmetrical 

beam as the resulting coefficient will be multiplied byµ, which, 

of course, is incorrect. 

The computer will stop if a. becomes minus as would be the 

case if~ for a symmetrical beam would be entered as 0.6. No 

other stops are incorporated. 

COOOOO EXLINE BEAM CONSTANTS 

000010 DIMENSION ALPHA (4), XR(4), 

000011 XQ(4) 1 X(4) 

000020 READ 9 AMU,DAMU,AMUM,BETA,DBETA 

000021 , AN, DAN, AlO'I, TYPE 

000030 BETA3=BETA 

000040 AN3:AN 

000050 AMU3:AMU 

001100 DELTA=l.-BETA 

000070 IF(TYPE-1.)111,112,113 

Fig. 4-6 
I.B.M. 650 Fortran Program 



001110 PAUSE 1111 

001120 ALPHA(l):DELTA 

000100 GO TO 115 

001130 ALPHA(l)=DELTA-BETA 

001150 lF(ALPHA)ll6~117,117 

001160 STOP 1888 

001170 DO 118 l=l,3 

001180 ALPHA(I+l)=ALPHA(I)*ALPHA(l) 

000140 DO 120 l=l,4 

000150 Al=I 

000160 XR(I)=ALPHA(I)/AI 

000170 XQ(I)=((l.-ALPHA(l))*AMU)/AI 

001200 X(I):XQ(I)+XR(I) 

000190 IF(TYPE-1.)130,135,140 

001300 PAUSE 1112 

001350 F2:X(3) 

000220 G:X(2)-F2 

000230 Fl:X(l)-G*2.-F2 

000240 T6:(F2-X(4))/2. 

000250 T5=G/2.-T6 

000260 TBL=F2-(XQ(l)+XQ(2))/6. 

000270 T8:((BETA*BETA)*THL)/2. 

000280 THLA=X(2)-XQ(l)/3. 

000290 T7:((BETA*BETA)*THLA)/2.-T8 

Fig. 4-6 (Con't.) 
I.B.M. 650 Fortran Program 
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000300 PUNCH,AMU,BETA,F2,G,Fl,T6,T5 

000301 T8,T7 

000310 GO TO 150 

001400 F:(X(l)+X(3))/4. 

000330 G:(X(l)-X(3))/4. 

000340 T4=G/4. 

000350 T5:(BETA*BETA)*(X(l)/4.-XQ(l) 

000351 /12.) 

000360 PUNCH,AMU,BETA,F,G,T4,T5 

001500 CONTINUE 

001510 IF(TYPE-1.)152,160,170 

001520 PAUSE 1113 

001600 IF(AN-ALPHA(l))l61,161,162 

001610 T2=AN*(G-(AN*AN)/6.) 

000420 Tl:AN*(G+Fl-AN/2.)-T2 

000430 GO TO 180 

001620 ANl=l.-AN 

000450 Tl:ANl*(G-(ANl*ANl)*AMU/6.) 

000460 T2=ANl*(G+F2-ANl*AMU/2.)-Tl 

000470 GO TO 180 

001700 IF(AN-BETA)l71,171~175 

001710 'r2:AN*(G-(AN*AN)*AMU/6.) 

000500 Tl:AN*(G+F-(AN*AMU)/2.)-T2 

000510 GO TO 180 

Fig. 4-6 (Con't.) 
I.B.M. 650 Fortran Program 
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001750 ANl=l.-AN 

000520 AN2=0.5-AN 

000530 T2:G/2.+(ANl*(X(3)-X(2)))/4. 

000531 -((AN2*AN2)*(AN+l))/6. 

000540 Tl:(X(l)-X(2))/4~(AN2*AN2)/2. 

000541 -T2 

001700 PUNCH,AN,T2,Tl 

000560 AN:AN+DAN 

000570 IF(ANM-AN}l85,150,150 

001850 AN:AN3 

000590 BETA=BETA+DBETA 

000600 IF(BETAM-BETA}l90,110,110 

001900 BETA:BETA3 

000620 AMU:AMU+D.AMU 

000630 IF(AMUM-AMU}200,110,110 

002000 STOP 1888 

000650 END 

Fig. 4-6 (Con't.) 
I.B.M. 650 Fortran Program 
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CHAPTER V 

TABLES OF BEAM CONSTANTS 

5-1. General 

Tables of coefficients for the calculation of angular 

functions, for parabolic haunch beams, have been compiled by 

Tuma, Lessley, and French (17). Tables of coefficients for 

the calculation of angular functions, for straight haunched 

beams, have been compiled by Boecker (5). 

The tables compiled in this chapter are for beams with 

a sudden change in cross section. A specific beam is located 

by the ratio of the haunch length to the total length and by 

the ratio of the minimum and maximum moment of inertia (Fig. 

5-1, 5-2). 

La. 

Fig. 5-1 

L 

IB =I/µ 
0 

Unsymmetrical Beam 
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y y @) Cy C? 

l I 1 l 
-1, .I t L@ La LB j L 

IC = I IA = IB = I/µ 
0 0 

F'ig. 5-2 

Symmetrical Beam 

The following combinations of ratios are used: 

µ = o, .05~ .1, .15, •••• 85, .90, .95 

5-2. Table A-0 

The beam constants for a prismatic beam of constant 

cross section are recorded in table A-0. The geometry of the 

beam is given by the sketch found at the top of the table. 

Constants listed in the table are: 

a.) Angular Flexibilities 



b.) Angular Carry-Over Values 

GAB= GBA = G = L/GEI0 

c.) Angular Load Functions 

1.) Due to a Unit Load 

(LL) 
7 AB 

(LL) 
7 BA.= 

49 

t 1 = left end slope coefficient due to unit load 
at L. 

n 

t 2 = right end slope coefficient due to unit load 
at L • 

n 

Influence values of these coefficients for 100 positions 

of unit load are shown in the table. 

2.) Due to Uniformly Distributed Load 

(UL) _7(UL) = 
7' AB - BA 

3 wL 
24EI 

0 

w = intensity of the load • 

3.) Due to a Dead Load 

7 (DL) = T(DL) = 
AB BA 24EI 

0 

b = width of beam • 

h 0 = depth of beam • 

q = specific weight of beam • 

5-3. A-1 2 2 2 - 17 2 18 

The beam constants for an unsymmetrical beam with a sudden 
.. 

change in cross section are recorded in tables A-1, 2, ••• 17, 

18. The geometry of the beam is defined by the sketch and the 



parameters. 

L~ = length of haunch. 

I = minimum mom~nt of inertia. 
0 

Ih moment of inertia of the haunch. 

w = minimum weight. 
0 

wh = weight.of haunch. 

The beam constants listed in.each table are: 

a.) Angular Flexibilities 

L 
EI 

0 

f = angular flexibility coefficient.· 

b.) Carry-OverValues 

l 
EI. 

0 

. . 

g = angular carry"".'.over value coefficient. 
. . . 

c.) Angular Load Functions 

1.) Due· to a Unit Load 

(LL) 
7 

AB 

50 

L2 -EI 
0 

t 1 = left end slope coefficient.due to a unit load 
at L • 

n 

t· = right end slope coefficient due to a unit load 
2 at L • n 
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2. ) Due to a Uniformly Distributed Load 

(UL) 
wL3 (UL) 

wL3 
7 AB = t5 EI 7 BA= t6 EI 

0 0 

t 5 = left end slope coefficient due to a uniformly 
distributed load. 

t 6 = right end slope coefficient due to a uniformly 
distributed load • 

3.) Due to a Uniformly Distributed Haunch Load 

(HL) wL3 
7 AB = t7 EI 

0 

OIL) wL 3 
TBA = t8 EI 

0 

= left end slope coefficient due to a uniformly 
distributed load along the haunch. 

t 8 = right end slope coefficient due to a uniformly 
distributed load along the haunch. 

5-4. Tables B-1 1 2 2 3 2 4 

Beam constants for a beam with two symmetrical haunches 

are recorded in Tables B-1, 2, 3, 4. The geometry is defined 

by the sketch and the parameters. 

L~ length of the haunch, 

I = minimum moment of inertia. 
0 

Ih = moment of inertia of the haunch. 

µ 

w 
0 

= I /I. ~ 
0 h 

= minimum weight. 

w11 = weight of the haunch. 

The beam constants listed in each table are~ 

a.) Angular Flexibilities 

L -EI 
0 



f = angular flexibility coefficient• 

b.) Carry-Over Values 

GAB= GBA = g 
L 

EI 
0 

g = angular carry-over value coefficient. 

c.) Angular Load Functions 

1.) Due to a Unit Load 

(LL) (LL) 

I AB = tl 7 BA = t2 

t 1 = left end slope coefficient due to a unit 
load at L • 

n 

t 2 = right end slope coefficient due to a unit 
load at L • 

n 

2.) Due to a Uniformly Distributed Load 

(UL) (UL) 
7 AB =TBA = t4 

t 4 = end coefficient due to a uniformly dis
tributed load. 

3.) Due to a Uniformly Distributed Haunch Load 

(HL) . (HL) wL3 
7 AB = r BA = ts F 

0 

t~ = end slope coefficient due to a uniformly 
0 distributed load along the haunch• 

5-5. Dead Load Functions 

Using simple methods of superposition the angular load 

function due to the dead load may be :found easily using values 

from the table. 
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For unsymmetrical beams they are: 

(DL) 

Es· + t7 (wh - woD 
L3 

7 AB = w EI 0 
0 

(DL) 

~6 • -wo~ 
L3 ,..,. - w + ts (wh BA - 0 EI 

0 

For symmetrical beams they are: 

(DL) (DL) 

TAB =TBA= 

5-6. Members with Unsymmetrical Haunches 

Often the structural engineer finds it necessary to analyze 

members with unsymmetrical haunches. The beam constants tab-

ulated in this chapter may be used for such a problem. 

Leontovich (18) and Gulden (19) are among those who have 

shown that beam constants for unsymmetrically haunched beams 

may be found by superimposing the constants of component parts 

of the member. The procedure is described using the following 

example. 

Consider a beam with unsymmetrical haunches (Fig. 5-3). 

B 

~ 
L~l ~! ~ L~2 

~ L 

I I 
1EF = I IA = ...2. IB = ...2.. 

0 µl µ2 

Fig. '5-3 

Unsymmetrically Haunched Beam 



To find, for instance, the angular flexibilities FBA' 

FAB' and the angular carry-over values GAB' GBA of the beam 

shown, obtain from the table constants for beam number one and 

two (Fig. 5-4) and for a beam of constant cross section and 

with an equal moment of inertia, Io The desired constants 
0 

are found by simply adding those of beams number one and two~ 

and subtracting from this sum the appropriate constants of the 

beam of constant cross section, as shown in Fig. 5-4. 

54 

F 11' ,Gll' ,7j_1,(D ·,_! ______ , _________ ..... I 0 F_l 'l 'Gl I I 'Tl' l 

+ ~ 
F G ,,- tn'\2 I _________ ......... , 0 F2 I 2 'G2' 2' 7-2 I 2 22' ' ~2 ,, 122 1 ~ .__ ___ • 'e_J 

r 

Fig. 5-4 

Superposition of Beam Constants 

5-7. Tables 
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TABLE A-0 

•or=t 
Ln r·, f3 II 0, 0 

© L 

I FAB = FBA = 3 EI 
0 

I. j GAB = GBA = L 
6 EIO 

(LL) L2 
L 7 AB = tl~ 

0 

bh 3 7 (LL) = 
L2 

Io = 0 BA t2in-
-n---

bh0 qL'?3 
(DL) = 7 (DL) = "AB BA 24 EI0 

7 (UL) = 7 (UL) = wL3 
AB BA 24 EIO 

Coefficients for Angular Functions Per Unit Width of Slab 

Influence Coefficients tl 

n 0 1 2 3 4 5 6 7 8 9 

o.o • 0000 • 0033 . 0065 • 0096 . 0125 • 0154 • 0182 • 0209 • 0236 • 0261 

o. 1 • 0285 • 0309 . 0331 . 0353 . 0373 • 0393 . 0412 • 0430 . 0448 • 0464 

0.2 • 0480 • 0495 • 0509 . 0522 . 0535 • 0547 . 0558 • 0568 . 0578 • 0587 

o. 3 ; 0595 . 0603 • 0609 • 0615 . 0621 . 0626 • 0630 . 0633 • 0636 . 0638 

0.4 • 0640 • 0641 • 0642 • 0641 . 0641 • 0639 • 0638 • 0635 . 0632 . 0629 

,,O, 5 • 0625 • 0621 • 0616 • 0610 • 0604 . 0598 • 0591 • 0584 . 0577 . 0569 

0.6 • 0560 • 0551 • 0542 • 0532 • 0522 • 0512 . 0501 • 0490 • 0479 . 0467 

0.7 • 0455 • 0443 . 0430 • 0417 . 0404 • 0391 . 0377 , 0363 . 0349 . 0335 

0.8 . 0320 • 0305 • 0290 . 0275 . 0260 • 0244 • 0229 • 0213 . 0197 . 0181 

0.9 • 0165 • 0149 • 0133 • 0116 • 0100 • 0083 . 0067 . 0050 • 0033 . 0017 

Influence Coefficients t2 

n 0 1 2 3 4 5 6 7 8 9 

o.o • 0000 • 0017 • 0033 . 0050 • 0067 • 0083 . 0100 • 0116 • 0133 . 0149 

o. 1 . 0165 ', 0181 • 0197 • 0213 . 0229 . 0244 . 0260 . 0275 • 0290 • 0305 

0,2 • 0320 . 0335 . 0349 . 0363 . 0377 . 0391 • 0404 . 0417 . 0430 . 0443 

0.3 • 0455 . 0467 . 0479 . 0490 ,0501 • 0512 . 0522 . 0532 . 0542 • 0551 

0.4 • 0560 • 0569 . 0577 . 0584 . 0591 • 0598 • 0604 , 0610 . 0616 • 0621 

0.5 • 0625 • 0629 . 0632 . 0635 . 0638 • 0639 • 0641 . 0641 . 0642 . 0641 

0.6 . 0640 . 0638 • 0636 , 0633 . 0630 . 0626 , 0621 • 0615 . 0609 . 0603 

0.7 • 0595 • 0587 . 0578 . 0568 • 0558 • 0547 . 0535 . 0522 .0509 . 0495 

0.8 • 0480 . 0464 . 0448 . 0430 . 0412 . 0393 . 0373 . 0353 . 0331 .. 0309 

o. 9 , 0285 • 0261 • 0236 • 0209 • 0182 • 0154 • 0125 • 0096 . 0065 • 0033 
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TABLE A-I ... 

13 = 0.1 
I Ln 
I p = 1 

@ ® 
FAB = fl 

L I EI0 

I 
GAB = g L 

~ 

t .l ~ 'T(LL) L2 Ld:t L@, 

AB = \ EI0 L 

'T(UL) = t5 
wL 3 

AB ~ 

T (IIL) = t7 
wL3 

IA Io 
IA 

AB El0 
= _µ = 

~ 

- --

Coefficients for Angular Functions 

Influence Coefficient t 2 
-~Ir- g t5 t7 

~ . 1 .2 . 3 i .4 .. 5 .6 .7 I . 8 .9 

0,00 • 0285 .0479 • 0594 • 0639 . 0623 • 0558 . 0452 . 0317 • 0162 . 3330 • 1620 . 0415 .• 0008 . 

0.05 • 0285 • 0479 • 0594 . 0639 . 0623 • 0558 • 0453 i . 0317 . 0162 • 3330 . 1622 . 0415 . 0008 

0.10 • 0285 • 0.79 • 0594 • 0639 • 0623 . 0558 . 0453 i • 0318 • 0162 _ .,,~330 • 1625 • 0415 . 0008 

0.15 
I 

. ;3330 -• 0285 . 0479 . 0594 .0639 • 0624 . 0558 • 0453 l ; 0318 . 0162 • 1627 . 0415 . 0008 

0. 20 • 0285 . 0479 . 0594 • 0639 . 0624 . 0558 • 0453 . 0318 . 0163 . 3331 • 1629 . 0415 • 0008 

0.25 . 0285 . 0479 . 0594 • 0639 . 0624 .0558 • 0453. • 0318 . 0163 . 3331 . 1632 • 0416 • 0008 

0. 30 . 0285 • 0480 • 0594 • 0639 . 0624 • 0559 . 0453 • 0318 . 0163 . 3331 . 1634 . 0416 . 0008 
-·-··· 

o. 35 , 02'85 . 0480 . 0594 . 0639 . 0624 . 0559 . 0453 . 0318 .0163 . 3331 . 1636 . 0416 • 0008 

0.40 . 0285 . 0480 • 0594 . 0639 . 0624 : • 0559 . 0454 • 0318 • 0163 . 3331 .1639 .0416 . 0008 

0.45 • 0285 • 0480 . 0594 • 0639 . 0624 . 0559 . 0454 . 0319 . 0163 • 3331 : • 1641 •• 0416 . 0008 

0.50 . 0285 .0480 .0594 . 0639 . 0624 . 0559 .0454, . 0319 • 0164 : . 3332 ' • 1643 .0416 . 0008 

0.55 • 0285 . 0480 • 0595 • 0639 , 0624 .0559 .0454· 
.. 

• 0319 . 0164 . 3332 .1646 . 0416 . 0008 

0.60 • 0285 . 0480 . 0595 . 0639 • 0624 . 0559 .0454' .• 0319 • 0164 • 3332 .1648 • 0416 . 0008 

0.65 • 0285 ~ 0480 • 0595 . 0640 . 0624 .0559 • 0454: • 0319 • 0164 • 3332 • 1650 • 0416 . 0008: 

0. 70 • 0285 • 0480 • 0595 • 0640 . 0624 I, 0559 . 0454 . 0319 .0164 • 3332 • 1653 . 0416 . 0008 i 

0.75 . 0285 • 0480 . 0595 . 0640 • 0625 .0559 , 0454 • 0319 . 0164 • 3332 • 1655 .0416 . 0008' 

•. 3333 
. 

. 0008 i 0.80 . 0285 . 0480 • 0595 . 0640 • 0625 • 0560 • 0455 . • 0320 : . 0164 • 1657 • . 0416 
.. -

. 0285 • 0480 ,_0595 . 0625 
i i t13333 0. 85 • 0640 . 0560 • 0455 i • 0320 • 0165 • ;I.660 • 0416 • 0008, 

0.90 • 0285 • 0480 • 0595 • 0640 , 0625 ,0560 • 04551 • 0320 : • 0165 
i 

• 3333 . 1662 • 0417 • 0008: 

0.95 • 0285 _.0480 • 0595 • 0640 • 0625 i • 0560 . 0455 • 0320 I • 0165 ; • 3333 - • 1664 • 0417 \ • 0008: 

·····--·-·----·-·-····· 
_ __ . ________ '._ _____ L ___ l ______ l 
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TABLE A .. 2 
13 • 0.1 

I Ln 

® p = 1 

® • 
FBA = f2 

L 
EI0 

I 
GBA = g ·L 

,r 

I: 
.1. j 

0 

l,g: !./J. 
T (LL)= L2 

BA t2 EI0 

T (UL) -
t6 

wL3 
BA - ~ 

T (HL) _ 
ta 

wL3 
IA BA - -m;-

IA = I = 
0 

/,I Ii 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 ta 

~ 
g 

. 1 . 2 .3 .4 .5 .6 .. 7 .8 .9 

0.00 • 0160 . 0311 . 0441 . 0541 . 0602 • 0612 . 0562 .0443 • 0243 . 2430 • 1620 • 0395 • 0012 

0.05 , 0161 . 0311 . 0442 . 0542 • 0603 . 0613 • 0564 . 0445 . 0245 .2475 , 1622 , 0396 • 0012 

0.10 . 0161 • 0312 • 0442 • 0543 • 0604 • 0615 • 0566 . 0446 . 0247 • 2520 , 1625 .· • 0397 . 0012 

0. 15 . 0161 • 0312 . 0443 • 0544 • 0605 . 0616 . 0567 . 0448 . 0249 . 2565 , 1627 , 0398 • 0013 

0. 20 • 0161 . 0313 . 0444 • 0545 . 0606 . 0618 . 0569 • 0450 . 0251 .2611 .1629 • 0399 . 0013 

0.25 • 0161 . 0313 . 0445 . 0546 • 0607 . 0619 • 0570 . 0452 • 0254 • 2656 . 1632 • 0400 . 0013 

0.30 . 0162 • 0313 . 0445 . 0547 • 0609 • 0620 . 0572 . 0454 . 025.6 .2701 . 1634 • 0401 • 0013 

0.35 . 0162 . 0314 • 0446 • 0548 . 0610 . 0622 . 0574 . 0456 • 0258 .2746 . 1636 . 0403 . 0013 

0.40 • 0162 . 0314 . 0447 • 0549 . 0611 . 0623 . 0575 • 0458 . 0260 .2791 . 1639 • 0404 • 0013 
I 

0.45 • 0162 . 0315 . 0447 • 0550 . 0612 . 0625 • 0577 . 0459 . 0262 .2836 . 1641 . 0405 . 0013 

. o. 50 . 0163 .0315 . 0448 . 0551 :0613 . 0626 .0579 • 0461 . 0264 .2882 . 1643 . 0406 • 0014 

0.55 • 0163 • 0316 . 0449 • 0652 . 0614 • 0627 . 0580 . 0463 . 0266 . 2927 .1646 . 0407 . 0014 

0.60 • 0163 . 0316 . 0449 • 0553 • 0616 . 0629 . 0582 . 0465 • 0268 .2972 . 1648 • 0408 • 0014 

0.65 . 0163 . 0317 .0450 . 0553 • 0617 . 0630 . 0584 • 0467 • 0270 . 3017 ; 1650 . 0409 • 0014 

0.70 • 0164 . 0317 • 0451 • 0564 . 0618 . 0632 • 0685 . 0469 • 0272 • 3062 • 1653 • 0410 • 0014 

0.75 • 0164 • 0318 . • 0451 • 0555 • 0619 . 0633 . 0587 • 0471 . 0274 . 3107 • 1655 . 0411 . 0014 

0.80 • 0164 • 0318 . 0452 . 0566 . 0620 . 0634 • 0588 . 0473 . 0277 • 3153 . 1657 . 0412 . 0014 

0.85 • 0164 • 0319 . 0453 . 0557 . 0621 . 0636 . 0590 . 0474 , 0279 . 3198 . 1660 · • 0413 • 0015 

o. 90 • 0165 . 0319 • 0454 . 0568 . 0623 . 0637 , 0592 . 0476 . 0281 • 3243 .1662 • 0416 ·. 0015 

0. 96 . 0165 • 0320 . 0454 • 0569 • 0624 • 0639 • 0593 . 0478 • 0283 . 3288 • 1664 . 0416 . 0015 
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TABLE A-3 
13 = 0.2 

I Ln 
I p = 1 

@ 
'' ® 

FAB = \ 
L I ~ 

I 
GAB = L g 

El0 

t 
. I. j (LL) L2 La: L/2 

7 AB = \ ~ L 

(UL) = t5 
wL 3 

7 AB ~ 
(HL) = t7 

wL 3 IA 
7 AB ~ IA = lo µ = 

~ 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl g t5 t7 

~ . 1 .2 .3 .4 .5 .6 .7 .8 .9 

0. 00 . 0282 . 0475 '· 0587 . 0629 . 0612 . 0544 . 0436 . 0299 . 0149 .3307 . 1493 . 0405 . 0029 
-

0.05 . 0282 . 0475 . 0587 . 0630 . 0612 . 0545 . 0437 . 0300 . 0150 .3308 . 1502 . 0406 . 0030 

0. 10 . 0283 . 0475 . 0588 . 0630 . 0613 . 0546 . 0438 . 0301 . 0151 .3309 . 1511 . 0406 . 0030 

0. 15 . 0283 . 0475 . 0588 . 0631 . 0614 . 0546 . 0439 . 0302 . 0152 . 3311 . 1519 . 0407 .0030 

0. 20 . 0283 . 0476 . 0589 . 0631 . 0614 . 0547 . 0440 . 0303 . 0152 . 3312 . 1528 . 0408 . 0030 

0.25 . 0283 .0476 . 0589 . 0632 . 0615 . 0548 . 0441 . 0304 . 0513 . 3313 . 1537 . 0408 . 0031 

0. 30 . 0283 . 0476 . 0589 . 0633 . 0616 . 0549 . 0442 . 0305 . 0154 . 3315 . 1545 . 0409 . 0031 

0. 35 . 0283 . 0477 . 0590 . 0633 . 0616 . 0550 . 0443 . 0306 . 0155 . 3316 . 1554 . 0409 .0031 

0. 40 . 0283 . 0477 . 0590 . 0634 . 0617 . 05.iiO . 0444 . 0307 . 0156 . 3317 . 1563 . 0410 . 0031 , . 

0.45 . 0284 . 0477 . 0591 . 0634 . 0618 . 0551 . 0445 . 0308 . 0156 . 3319 . 1571 . 0410 . 0031 

0.50 • 0284 . 0477 . 0591 . 0635 . 0618 . 0552 . 0446 . 0309 . 0157 . 3320 . 1580 . 0411 . 0031 

0.55 . 0284 . 0478 . 0591 . 0635 . 0619 . 0553 . 0447 . 0310 . 0158 .. 3321 .1589 . 0412 . 0031 

0.60 . 0284 . 0478 . 0592 . 0636 . 0620 . 0554 . 0448 . 0311 . 0159 . 3323 . 1597 . 0412 . 0032 

0. 65 . 0284 . 0478 . 0592 . 0636 . 0620 . 0554 . 0448 . 0313 . 0160 . 3324 . 1606 . 0413 . 0032 

0. 70 . 0284 . 0478 . 0593 . 0637 . 0621 . 0555 . 0449 . 0314 . 0160 . 3325 . 1615 . 0413 . 0032 

0.75 . 0284 . 0479 . 0593 . 0637 . 0622 . 0556 . 0450 . 0315 . 016,)- . 3327 . 1623 . 0414 . 0032 

0.80 . 0284 . 0479 . 0593 . 0638 . 0622 . 0557 . 0451 . 0316 . 0162 . 3328 . 1632 . 0414 . 0032 

0.85 . 0285 . 0479 . 0594 . 0638 . 0623 . 0558 . 0452 . 0317 . 0163 . 3329 . 1641 . 0415 • 0032 

0.90 . 0285 . 0479 . 0594 . 0639 . 0624 . 0558 . 0453 . 0318 . 0163 . 3331 . 1649 . 0416 . 0032 

0. 95 . 0285 . 0480 . 0595 . 0639 • 0624 . 0559 . 0454 . 0319 . 0164 . 3332 . 1658 . 0416 . 0033 
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TABLE A-4 
(3• 0.2 

I Ln 

0 p = 1 

® ,, 
•FBA ' f2 

L 

~ 

I 
GBA = g L 

-n-

I: 
~ ~ 

0 

l,9: L~ (LL)_ L2 
,-BA - t2 EI0 

,- (UL)_ 
t6 

wL3 
BA - ~ 

(HL) _ 
ta 

wL 3 

IA ,-BA - ~ 
IA = I µ = 0 

0 IB 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 ta 

~ 
g 

. 1 .2 .3 .4 .5 .6 .7 .8 .9 

0.00 • 0148 . 0285 • 0403 . 0491 • 0538 . 0536 • 0474 • 0341 • 0171 • 1707 .1493 . 0341 . 0034 

o. 05 . 0149 • 0287 . 0406 ,0494 . 0543 . 0541 • 0480 . 0348 . 0176 . 0788 . 1502 . 0345 . 0035 

0. 10 . 0149 • 0289 . 0408 . 0498 . 0547 . 0546 • 0486 . 0355 . 0182 • 1869 . 1511 • 0349 . 0036 

0. 15 . 0150 . 0291 . 0411 . 0501 . 0551 . 0552 . 0492 . 0362 . 0188 . 1951 . 1519 . 0353 . 0037 

0. 20 . 0151 . 0292 . 0413 . 0505 . 0556 . 0557 . 0498 . 0369 . 0194 . 2032 . 1528 • 0356 . 0038 

0.25 • 015~ • 0294 • 0416 . 0508 . 0560 . 0562 . 0504 . 0376 .0199 . 2113 . 1537 . 0360 . 0039 

0.30 . 0153, . 0296 . 0419 . 0511 . 0564 . 0567 .0510 . 0383 . 0205 • 2195 .1545 . 0364 . 0040 

0.35 . 0154 . 0297 • 0421 . 0515 • 0569 . 0572 . 0516 . 0390 • 0211 .2276 .1554 . 0368 . 0041 

0.40 . 0155 . 0299 . 0424 • 0518 • 0573 . 0578 . 0522 . 0397 . 0216 .2357 . 1563 • 0371 . 0042 

0.45 . 0155 . 0301 . 0426 . 0522 • 0577 . 0583 . 0528 . 0404 . 0222 .2439 • 1571 . 0375 . 0043 

0.50 • 015!'i • 0303 • 0429 . 0525 . 0582 . 0588 .0534 . 0411 . 0228 . 2520 .1580 ; 0379 • 0044 

0.55 . 0151; . 0304 • 0432 . 0529 . 0586 . 0593 . 0540 . 0418 • 0234 . 2601 .1589 . 0383 . 0045 

0.60 . 015~. • 0306 . 0434 . 0532 • 0590 . 0598 . 0546 . 0425 . 0239 .2683 . 1597 • 0387 . 0046 

0.65 • 015.!it . 0308 . 0437 . 0536 . 0595 • 0604 . 0553 . 0431 . 0245 .2764 . 1606 • 0390 . 0047 

0.70 • 016Q • 0310 . 0439 . 0539 . 0599 .0609 ,0559 . 0438 . 0251 .2845 . 1615 • 0394 . 0048 

0.75 . Ol6t • 0311 • 0442 . 0543 . 0603 . 0614 . 0565 . 0445 .0256 • 2927 . 1623 . o:rna . 0049 

0.80 • 016!, • 0313 • 0445 . 0546 • 0608 • 0619 • 0571 . 0452 • 0262 . 3008 . 1632 • 0402 • 0050 

0.85 . ol6i_ • 0315 . 0447 . 055{) • 0612 . 0624 . 0577 • 0459 . 0268 . 3089 . 1641 .0405 . 0051 

0.90 . ol6a . 0317 • 0450 . 0553 . 0616 . 0630 • 0583 . 0466 . 0274 . 3171 . 1649 . 0409 . 0052 

0. 95 • 0164 • 0318 . 0452 • 0557 • 0621 . 0635 • 0589 . 0473 . 0279 • 3252 . 1658 • 0413 . 0053 
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TABLE A-5 
(3• 0.3 

I Ln 
I p = 1 

@ 
' ® 

FAB = fl 
L I EI0 

I 
GAB 

L = g 
~ 

~ . I. j 'T(LL) L2 Li:t: Ll1 

AB = \ ~ L 

T(UL) = t5 
wL 3 

AB EI0 ./ 

(HL) = t7 
wL 3 IA 

"AB TI; IA = I /.I = Ii 0 

Coefficients for Angular Functions •' 

Influence Coefficient t 2 
fl t5 t7 

~ 
g 

. 1 . 2 . 3 .4 .5 .6 .7 . 8 . 9 

0.00 , 0276 , 0462 , 0568 • 0604 • 0580 , 0506 , 0392 • 0261 • 0131 ; 3243 .1307 • 0382 • 0059 

0.05 • 0276 .0463 • 0569 • 0606 • 0582 • 0509 . 0395 • 0264 • 0132 • 3247 .1325 • 0383 • 0059 

0.10 • 0277 • 04,64 • 0571 • 0608 • 0584 , 0511 . 0398 • 0267 , 0134 • 3252 .1343 • 0385 • 0060 

0.15 , 0277 • 0465 • 0572 • 0609 • 0587 • 0514 , 0401 • 0270 • 0136 , 3257 .1361 • 0387 • 0061 

0. 20 • 0278 • 0466 • 0573 · • 0611 , 0589 , 0517 • 0405 , 0273 • 0138 , 3261 .1379 , 0389 , 0061 

0.25 • 0278 .0467 • 0575 • 0613 • 0591 • 0519 • 0408 • 0276 . 0139 • 3266 .1397 , 0391 , 0062 

0.30 • 0279 ,0467 • 0576 , 0615 • 0593 • 0522 • 0411 • 0279 • 0141 ,3270 .1415 • 0392 • 0063 

0.35 ,0279 • 0468 • 0577 • 0617 • 0596 • 0525 • 0414 • 0282 • 0143 • 3275 .1433 • 0394 • 0063 

0.40 • 0280 • 0469 • 0579 • 0618 • 0598 , 0528 • 0417 • 0285 , 0144 • 3279 .1451 • 0396 • 0064 

0.45 • 0280 • 0470 • 0580 • 0620 • 0600 • 0530 • 0420 • 0288 • 0146 .3284 .1469 • 0397 • 0065 

0. 50 • 028Q • 0471 • 0581 • 0622 • 0603 • 0533 , 0423 , 0291 • 0148 .3288 .1487 • 0399 • 0065 

0.55 • 028\ ,0472 • 0583 • 0624 • 0605 • 0536 , 0427 • 0294 . 0150 • 3293 , 1505 • 0401 . 0066 

0.60 • 0281 • 0473 • 0584 • 0626 • 0607 • 0538 . 0430 • 0297 • 0151 .3297 .1523 , 0403 , 0066 

0.65 • 028ll, • 0474 • 0586 • 0627 , 0609 • 0541 • 0433 • 0299 , 0153 • 3302 .1541 . 0404 , 0067 

0. 70 • 0282 • 0475 • 0587 • 0629 , 0612 • 0544 , 0436 , 0302 , 0155 , 3306 .1559 , 0406 • 0068 

0.75 • 0283. ,0476 • 0588 , 0631 , 0614 • 0546 , 0439 , 0305 , 0156 , 3311 , 1577 , 0408 • 0068 

0.80 • 028:j .0476 • 0590 • 0633 . 0616 • 0549 , 0442 .0308 • 0158 .3315 .1595 , 0410 • 0069 

0.85 • 0284 • 0477 • 0591 • 0635 • 0618 • 0552 • 0446 • 0311 • 0160 • 3320 .1613 • 0411 • 0070 

0.90 • 0284 • 0478 • 0592 • 0636 , 0620 • 0555 • 0449 • 0314 . 0162 • 3324 .1631 • 0413 • 0070 

0.95 • 0285 • 0479 • 0594 • 0638 • 0623 • 0557 , 0452 , 0317 • 0163 • 3329 .1649 , 0415 • 0071 
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TABLE A-6 
(3= 0.3 

I Ln 

0 p = 1 

®' 
FBA = f2 

L 

~ 
I 

GBA = g L 

I: 
~-

J 
~ 

l,g: 1,;g 
7 (LL)_ L2 

BA - t2 EI0 

"B(J;L) = t6 
wL3 

~ 
'I' (HL),. ta wL 3 

IA BA ,r;-
IA " I /J " Ii 0 

Coefficients for Angular Functions 

Influence Coefficient t 2 
£2 t6 ta 

~ . 1 .2 .3 .4 .5 . 7 
g 

.6 . 8 . 9 

0.00 • 0129 • 0248 • 0347 • 0416 • 0445 , 0424 • 0343 • 0229 • 0114 .1143 .1307 • 0272 • 0051 

0.05 • 0131 .0252 • 0352 • 0423 • 0454 .0435 • 0366 • 0241 • 0123 .1253 • 0325 • 0279 • 0064 

0. 10 • 0133 • 0255 • 0358 • 0430 • 0463 .0446 • 0368 • 0254 • 0131 .1362 • 0343 • 0286 . 0557 

0. 15 • 0134 • 0259 • 0363 • 0438 • 0472 • 0456 • 0381 • 0266 • 0140 .1472 • 0361 • 0293 • 0060 

0. 20 • 0136 • 0262 . 0369 • 0445 • 0481 ,0467 • 0393 • 0279 • 0148 .1581 • 0379 • 0301 • 0063 

0.25 • 0138 .0266 • 0374 • 0452 • 0490 • 0478 • 0406 .0292 . 0157 .1691 • 0397 • 0308 • 0066 

0.30 • 0140 • 0270 • 0379 • 0459 • 0499 • 0489 • 0419 • 0304 • 0166 .1800 .1415 • 0315 • 0069 

0.35 • 0142 • 0273 • 0385 • 0466 • 0508 , 0500 • 0431 • 0317 • 0174 .1910 .1433 • 0322 • 0071 

0. 40 • 0143 • 0277 .0390 • 0474 • 0517 • 0510 .0444 • 0329 • 0183 • 2019 .1451 • 0330 • 0074_ 

0.45 • 0145 • 0280 . 0396 • 0481 • 0526 • 0521 • 0456 • 0342 • 0191 .2129 .1469 • 0337 • 0077 

0.50 • 0147 • 0284 • 0401 • 0488 • 0535 • 0532 • 0469 • 0354 • 0200 • 2238 .1487 • 0344 • 0080 

0.55 • 0149 . 0288 • 0406 • 0495 • 0544 • 0543 • 0482 • 0367 • 0208 .2348 .1505 • 0351 • 0083 

0,60 • 0151 • 0291 • 0412 • 0502 • 0553 • 0554 • 0494 • 0379 • 0217 .2467 .1623 • 0359 • 0086 

0.65 • 0152 • 0295 • 0417 • 0510 • 0562 • 0564 • 0507 • 0392 • 0225 .2567 .1541 • 0366 • 0088 

0.70 • 0154 • 0298 • 0423 • 0517 • 0571' • 0575 • 0519 • 0406 • 0234 .2676 .1559 • 0373 • 0091 

0.75 • 0156 • 0302 • 0428 • 0524 .0580 • 0586 • 0532 • 0417 • 0242 • 2786 .1577 • 0380 • 0094 

0.80 • 0168 • 0306 • 0433 • 0531 • 0589 • 0597 • 0545 • 0430 • 0251 • 2895 .1595 • 0388 • 0097 

0.85 • 0160 • 0309 • 0439 • 0538 • 0598 • 0608 • 0557 • 0442 • 0259 • 3005 .1613 • 0395 • 0100 

o. 90 • 0161 • 0313 • 0444 • 0546 • 0607 • 0618 • 0670 • 0455 • 0268 • 3114 .1631 • 0402 • 0103 

0.95 • 0163 • 0316 . 0450 • 0653 • 0616 • 0629 • 0582 • 0467 • 0276 • 3224 .1649 • 0409 • 0106 
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TABLE A-7 
13 = 0.4 

I Ln 
I p = 1 

0 
' ® 

FAB = \ 
L I ~ 

I 
GAB 

L = g 
~ 

~ . I. j (LL) L2 La L~ 

TAB = \ ~ L 

(UL) 
= \ 

wL 3 
TAB --

EI0 

(HL) 
= t7 

wL3 IA 
TAB EI0 IA = Io µ = 

IB 
t' 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl g t5 t7 

~ . 1 .2 .3 .4 .5 .6 .7 .8 .9 

0,00 .0264 • 0437 • 0531 • 0555 • 0518 • 0432 • 0324 • 0216 • 0108 • 3120 .1080 , 0342 • 0086 

0.05 • 0265 • 0439 • 0534 . 0559 . 0524 • 0438 • 0331 • 0221 • 0111 • 3131 . 1109 • 0346 • 0088 

0. 10 • 0266 . 0442 • 0537 . 0563 . 0529 • 0445 . 0337 . 0226 . 0114 . 3141 .1139 . 0349 . 0090 

0. 15 • 0267 • 0444 . 0541 . 0567 . 0534 • 0451 • 0344 • 0232 . 0117 . 3152 .1168 • 0353 . 0092 

0. 20 . 0268 • 0446 • 0544 • 0572 . 0540 • 0458 . 0350 . 0237 . 0119 . 3163 .1197 . 0357 . 0094 

0.25 . 0269 . 0448 . 0547 . 0576 . 0545 , 0464 . 0357 . 0242 . 0122 . 3173 .1227 . 0361 . 0095 

0.30 . 0270 .0450 • 0550 ,0580 • 0550 • 0470 . 0363 • 0247 . 0125 .3184 . 1256 . 0364 . 0097 

0.35 , 0271 . 0452 . 0553 . 0584 • 0556 . 0477 • 0370 . 0252 . 0128 . 3195 .1285 . 0368 . 0099 

0. 40 . 0272 .0454 • 0557 • 0589 . 0561 . 0483 . 0376 . 0258 . 0131 , 3205 .1315 . 0372 . 0101 

0.45 . 0273 • 0457 • 0560 . 0593 . 0566 . 0490 • 0383 , 0263 • 0134 • 3216 .1344 . 0376 . 0103 

0. 50 . 0274 .0459 . 0563 • 0597 . 0572 • 0496 . 0389 . 0268 . 0136 • 3227 • 1373 . 0379 . 0105 

0.55 . 0275 • 0461 . 0566 . 0602 . 0577 . 0502 . 0396 • 0273 . 0139 . 3237 .1403 . 0383 . 0106 

0. 60 . 0276 • 0463 . 0569 . 0606 • 0582 . 0509 . 0403 . 0278 • 0142 • 3248 • 1432 . 0387 • 0108 

0.65 . 0278 . 0465 • 0573 • 0610 • 0588 . 0515 . 0409 . 0284 . 0145 . 3259 .1461 • 0391 • 0110 

0.70 • 0279 • 0467 . 0576 . 0614 • 0593 . 0522 . 0416 • 0289 . 0148 . 3269 .1491 . 0394 . 0112 

0.75 . 0280 • 0469 • 0579 . 0619 . 0598 • 0528 • 0422 • 0294 • 0151 . 3280 .1520 . 0398 . 0114 

0.80 . 0281 . 0471 • 0582 • 0623 . 0604 . 0534 . 0429 . 0299 . 0154 . 3291 .1549 . 0402 • 0115 

0. 85 . 0282 • 0474 . 0585 . 0627 . 0609 • 0541 . 0435 • 0304 . 0156 • 3301 .1579 • 0405 . 0117 

0. 90 .0283 
I 

• 047~ . 0589 . 0631 • 0614 • 0547 . 0442 . 0310 • 0159 .3312 .1608 . 0409 . 0119 

0. 95 . 0284 . 0478 . 0592 . 0636 • 0620 • 0554 . 0448 • 0315 . 0162 . 3323 .1637 . 0413 . 0121 



TABLE A-8 
- f3= 0.4 

I Ln 
I p = 1 

0 ® 
FBA = f2 

L 

~ 

I 
GBA = L g -ru----

t 
.1. 

:I 

0 

Lg: Lg (LL)_ L2 
7 BA - t2 EIO 

(UL)_ 
t6 

wL 3 
7 BA - ~ 

7 (HL) = 
ta 

wL 3 

IA BA Et;; 
IA = I . µ = 

IB 0 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 

~ . 1 .2 .3 .4 
g ta 

.5 .6 .7 .8 .9 

0.00 • 0106 . 0203 • 0279 • 0325 . 0332 • 0288 • 0216 • 0144 . 0072 . 0720 .1080 • 0198 . 0058 

0. 05 • 0109 . 0209 . 0288 . 0337 . 0346 . 0306 • 0235 • 0161 • 0083 • 0851 .1109 • 0209 . 0063 

0. 10 . 0112 • 0214 • 0297 . 0349 • 0361 . 0323 • 0254 . 0178 • 0093 • 0981 .1139 • 0220 • 0069 

0. 15 . 0115 . 0220 • 0305 . 0361 • 0376 . 0341 . 0273 • 0194 . 0104 .1112 .1168 . 0231 . 0075 

0. 20 . 0118 . 0226 • 0314 . 0372 • 0390 . 0358 . 0292 • 0211 • 0115 .1243 .1197 . 0242 . 0080 

0.25 . 0121 . 0232 . 0323 . 0384 . 0405 . 0376 • 0311 . 0228 . 0125 .1373 .1227 . 0253 • 0086 

0. 30 . 0124 . 0238 . 0332 • 0396 . 0420 . 0394 • 0330 • 0245 . 0136 .1504 .1256 • 0264 . 0092 

0.35 . 0127 • 0244 . 0341 . 0407 • 0434 • 0411 • 0349 . 0262 • 0147 • 1635 .1285 . 0275 . 0097 

0.40 • 0130 • 0250 . 0349 .0419 • 0449 . 0429 • 0368 . 0278 . 0157 .1765 ,1315 • 0285 . 0103 

0.45 • 0133 • 0255 • 0358 • 0431 . 0464 • 0446 . 0387 • 0295 . 0168 . 1896 .1344 . 0296 • 0108 

0.50 • 0136 . 0261 . 0367 . 0443 • 0478 . 0464 . 0406 • 0312 • 0178 . 2027 .1373 • 0307 • 0114 

0.55 • 0139 • 0267 • 0376 . 0454 . 0493 • 0482 • 0424 • 0329 • 0189 . 2157 .1403 • 0318 . 0120 

0.60 • 0142 . 0273 . 0385 • 0466 • 0508 • 0499 . 0443 . 0346 . 0200 .2288 .1432 • 0329 . 0125 

0.65 .0144 • 0279 • 0393 . 0478 • 0522 • 0517 • 0462 • 0362 . 0210 .2419 .1461 • 0340 .0131 

0.70 . 0147 • 0285 . 0402 • 0490 . 0537 . 0534 • 0481 . 0379 . 0221 . 2549 • 1;491 . 0351 . 0137 

0.75 . 0150 . 0291 • 0411 • 0501 . 0552 . 0552 .0500 • 0396 . 0232 ,2680 .1520 . 0362 . 0142 

0.80 • 0153 • 0297 . 0420 • 0513 • 0566 • 0570 • 0519 • 0413 • 0242 . 2811 .1549 . 0373 . 0148 

0.85 • 0156 . 0302 • 0429 • 0525 . 0581 • 0587 • 0538 • 0430 . 0253 . 2941 .1579 . 0384 . 0154 

o. 90 . 0159 • 0308 • 0437 • 0537 . 0596 . 0605 . 0557 • 0446 , 0264 . 3072 , 1608 • 0395 • 0159 

0. 95 • 0162 • 0314 . 0446 . 0548 • 0610 . 0622 . 0576 • 0463 . 0274 . 3203 . 1637 . 0406 . 0165 
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TABLE A-9 
f3= 0.5 

I Ln 
I p = 1 

@ 
' 

® 
FAB = fl 

L I EI0 

I 
GAB 

L = g 
EI0 

I: 
.I. j (LL) L2 La LI;! 

TAB = \ EIO L 

(UL) = t5 
wL 3 

TAB EIO I 

(HL) = t7 
wL3 IA 

TAB EIO IA = I = 0 
µ 

IB 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl g t5 t7 

~ . 1 . 2 .3 .4 .5 .6 .7 .8 .9 

0.00 • 0243 .0397 1.0470 • 0473 • 0417 • 0333 • 0250 • 0167 • 0083 .2917 .0833 • 0286 • 0104 

0.05 • 0245 • 0401 • 04'76 • 0482 • 0427 • 0345 • 0260 • 0174 • 0087 • 2937 • 0875 • 0293 . 0108 

0. 10 • 0247 • 0405 • 0482 • 0490 . 0437 • 0356 . 0270 • 0182 • 0091 • 2958 • 0917 • 0299 • 0112 

0.15 • 0250 • 0409 • 0489 • 0498 • 0448 • 0367 • 0281 • 0190 .0696 • 2979 • 0958 • 0306 • 0116 

0. 20 • 0252 • 0413 • 0495 • 0507 • 0458 • 0379 • 0291 . 0197 • 0100 • 3000 .1000 • 0312 . 0120 

0.25 • 0254 • 0417 • 0501 • 0515 • 0469 • 0390 • 0301 • 0205 • 0104 • 3021 .1042 • 0319 • 0124 

0. 30 • 0256 • 0422 • 0508 • 0523 . 0479 • 0401 • 0311 • 0213 • 0108 • 3042 .1083 • 0326 • 0128 

0.35 • 0258 • 0426 ; 0514 • 0532 • 0490 • 0413 • 0322 • 0220 • 0112 • 3062 .1125 • 0332 . 0132 

0.40 • 0260 • 0430 . 0520 • 0540 . 0500 • 0424 • 0332 • 0228 • 0116 • 3083 .1167 .0339 • 0135 

0.45 • 0262 • 0434 • 0526 . 0548 • 0510 . 0435 • 0342 • 0236 • 0120 • 3104 .1208 . 0345 • 0139 

0. 50 • 0264 • 0438 • 0532 • 0557 • 0521 • 0447 • 0352 • 0243 . 0124 • 3125 .1250 • 0352 • 0143 

0.55 • 0266 .0443 • 0539 • 0565 • 0531 • 0458 . 0363 . 0251 . 0128 • 3146 .1292 • 0358 • 0147 

0.60 • 0268 • 0447 • 0545 • 0573 • 0542 • 0469 • 0373 • 0259 • 0132 .3167 .1333 • 0365 • 0151 

0.65 • 0270 • 0451 • 0551 . 0582 • 0552 '. 0481 • 0383 • 0266 . 0136 • 3187 .1375 • 0371 . 0155 

0. 70 • 0273 • 0455 • 0558 .0590 • 0563 . 0492 • 0393 • 0274 • 0140 • 3208 .1417 • 0378 • 0159 

0.75 • 0275 .0459 • 0564 • 0598 • 0573 • 0503 • 0404 • 0282 • 0145 • 3229 .1458 • 0384 • 0163 

0.80 • 0277 • 0463 . 0570 • 0607 • 0583 • 0515 • 0414 • 028.9 • 0149 • 3250 .1500 • 0391 • 0167 

0.85 • 0279 . 0468 . 0576 • 0615 • 0594 . 0526 .0424 • 0297 . 0153 . 3271 .1542 • 0397 • 0171 

0.90 • 0281 • 0472 . 0582 • 0623 • 0604 • 0537 . 0434 • 0305 . 0157 . 3292 .1583 • 0404 • 0174 

0.95 • 0283 . 0476 . 0589 . 0632 • 0615 • 0549 . 0445 • 0312 • 0161 • 3313 .1625 • 0410 • 0178 
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TABLE A:-10 
13 = 0.5 

I Ln 

0 p = 1 

® • 
FBA ' f2 

L 

~ 

I 
GBA = L g El 

t 
.1. ~ 

0 

l,g: L/i (LL)_ L2 
TBA - t2 E\ 

(UL)_ 
t6 

wL3 
TBA - ~ 

(HL) _ 
ta 

wL3 

IA TBA - ~ 
IA = I = 

0 
µ 

IB 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 ta 

~ 
g 

. 1 . 2 . 3 .4 .5 .6 .7 .8 .9 

0. 00 • 0082 • 0153 • 0205 • 0227 • 0208 • 0167 • 0125 • 0083 • 0042 • 0417 • 0833 • 0130 • 0052 

0.05 • 0086 • 0162 • 0217 • 0243 • 0229 • 0190 • 0148 • 0103 • 0054 • 0562 ; 0875 • 0145 • 0061 

0. 10 • 0090 • 0170 • 0230 • 0260 • 0250 • 0214 • 0172 • 0123 • 0066 • 0708 • 0917 . 0159 . 0070 

0. 15 • 0094 • 0178 . 0242 • 0277 • 0271 . 0238 • 0196 • 0143 • 0078 . 0854 • 0958 • 0173 • 0079 

0. 20 • 0098 • 0187 • 0255 • 0293 • 0292 • 0261 • 0219 • 0163 • 0090 .1000 .1000 • 0187 • 0088 

0.25 • 0102 • 0195 • 0268 • 0310 • 0312 • 0285 • 0242 • 0182 • 0102 .1146 .1042 . 0202 • 0098 

0.30 • 0107 • 0203 • 0280 • 0327 • 0333 • 0309 • 0266 • 0202 • 0115 .1292 .1083 • 0216 • 0107 

0.35 • 0111 • 0212 • 0292 • 0343 • 0354 • 0332 • 0289 • 0222 • 0127 .1437 .1125 .0230 • 0116 

0.40 . 0115 • 0220· • 0305 • 0360 • 0375 • 0356 • 0313 .0242 • 0139 .1583 .1167 • 0245 • 0125 

0.45 • 0119 • 0228 • 0317 • 0377 • 0396 .• 0380 • 0337 • 0262 • 0151 .1729 .1208 • 0259 • 0134 

0.50 • 0123 • 0237 • 0330 • 0393 • 0417 • 0403 • 0360 • 0282 • 0163 .1876 .1250 • 0273 • 0143 

0.55 • 0127 • 0246 • 0342 • 0410 • 0437 • 0427 • 0384 • 0302 • 0176 • 2021 .1292 • 0288 • 0162 

0.60 • 0132 • 0253 • 0365 • 0427 • 0468 • 0451 • 0407 • 0321 • 0188 .2167 .1333 • 0302 • 0161 

0.65 • 0136 • 02.62 • 0367 . 0443 • 0479 • 0474 • 0430 • 0341 • 0200 • 2312 .1375 • 0316 • 0171 

0.70 • 0140 • 0270 • 0380 • 0460 • 0500 • 0498 . 0464 • 0361 • 0212 .2458 .1417 • 0331 • 0180 

0.75 • 0144 • 0278 • 0392 • 0477 • 0521 • 0622 • 0478 • 0381 • 0224 .2604 .1468 • 0346 • 0189 

0.80 • 0148 .0287 • 0406 • 0493 • 0542 • 0546 • 0501 • 0401 • 0236 .2750 .1500 • 0359 • 0198 

0.85 • 0162 • 0295 • 0417 • 0610 • 0662 • 0669 • 0525 .0421 • 0249 .2896 .1542 • 0374 • 0207 

0.90 • 0157 • 0303 • 0430 • 0527 • 0683 • 0593 • 0648 • 0440 • 0261 • 3042 .1683 • 0388 • 0216 

0.95 • 0161 • 0312 • 0442 • 0543 • 0604 • 0616 • 0571 • 0460 • 0273 • 3187 .1625 • 0402 • 0225 
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TABLE A-II 
13 = 0.6 

I Ln 
I p = 1 

0 
' ® 

FAB = \ 
L I ~ 

l 
GAB = g L 

~ 

t 
.I. 

:I 
(LL) L2 L,g: L/:l 

7 AB = \ --EI0 L 

(UL) = t5 
wL 3 

7 AB ~ 
(HL) = t7 

wL 3 IA 
7 AB EI0 IA = I µ = 

IB 0 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl t5 t7 

~ 
g 

. 1 .2 .3 .4 .5 .6 .7 .8 .9 

0.00 • 0213 . 0336 I . 037.9 • 0352 • 0293 . 0235 . 0176 . 0117 . 0059 .2613 . 0587 • 0219 • 0106 

0.05 • 0217 • 0343 . 0290 , 0366 . 0310 • 0251 . 0190 • 0127 • 0064 • 2649 • 0641 . 0229 . 0113 

0. 10 • 0220 • 0350 . 0401 • 0381 . 0327 . 0267 . 0204 . 0138 . 0069 . 2685 • 0695 . 0238 . 0120 

0. 15 • 0224 . 0358 . 0411 • 0395 . 0343 , 0283 . 0218 . 0148 • 0075 . 2721 . 0749 . 0248 . 0127 

0. 20 . 0227 . 0365 • 0422 • 0410 . 0360 . 0300 • 0232 . 0158 . 0080 .2757 . 0803 . 0258 . 0134 

0.25 • 0231 . 0372 • 0433 . 0424 . 0376 . 0316 . 0246 . 0168 , 0085 .2793 . 0857 • 0268 . 0141 

0.30 . 0235 . 0379 . 0444 . 0438 . 0393 . 0332 . 0260 . 0178 . 0091 .2829 . 0911 . 0278 . 0148 

0.35 . 0238 • 0386 . 0455 . 0453 . 0409 . 0349 . 0274 . 0188 . 0096 . 2865 • 0965 . 0288 . 0155 

0. 40 . 0242 • 0394 . 0465 . 0467 . 0426 . 0365 . 0288 . 0198 . 0101 . 2901 .1009 . 0298 • 0162 

0.45 . 0245 . 0401 • 0476 . 0482 , 0443 . 0381 . 0302 . 0209 . 0107 . 2937 . 1073 . 0308 . 0169 

0. 50 • 0249 . 0408 . 0487 . 0496 . 0459 . 0397 . 0316 . 0219 • 0112 .2973 .1127 . 0318 . 0176 

0.55 . 0253 • 0415 . 0498 , 0510 •. 0476 . 0414 . 0329 . 0229 . 0117 • 3009 .1181 . 0328 .0183 

0.60 • 0256 . 0422 . 0509 . 0525 . 0492 . 0430 • 0343 . 0239 . 0122 . 3045 . 1235 . 0337 . 0190 

0. 65 . 0260 , 0430 . 0519 . 0539 . 0509 . 0446 . 0357 . 0249 . 0128 . 3081 . 1289 . 0347 . 0197 

0.70 . 0263 • 0437 . 0530 • 0554 • 0526 . 0462 . 0371 . 0259 . 0133 • 3117 .1343 . 0357 . 0204 

0.75 • 0267 . 0444 , 0541 . 0568 . 0542 . 0479 . 0385 • 0269 . 0138 . 3153 .1397 • 0367 • 0211 

0.80 . 0271 . 0451 . 0552 . 0582 • 0559 • 0495 . 0399 • 0279 . 0144 . 3189 .1451 . 0377 . 0218 

0.85 • 0274 • 0458 . 0563 . 0597 . 0575 . 0511 • 0413 . 0290 . 0149 . 3225 .1505 . 0387 . 0225 

0. 90 • 0278 . 0466 . 0573 . 0611 . 0592 • 0527 . 0427 . 0300 . 0154 . 3261 .1559 . 0397 • 0232 

0.95 . 0281 • 0473 . 0584 . 0626 • 0608 . 0544 . 0441 . 0310 . 0160 • 3297 . 1613 . 0407 . 0239 
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! 

TABLE A-12 
(3 • 0.6 

I Ln 

0 p = 1 

® ·~ 
FBA = f2 

L 
EI0 

I 
GBA = g L 

---ro-

~ .1. ·~ 

0 

La Ll:l (LL)_ L2 
7 BA - t2 E1a 
,. (UL)= 

t6 
wL3 

BA -m;-
7 (HL) _ 

ta 
wL3 

IA BA - ~ 
IA = I µ = Yi 0 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 ta 

~ . 1 . 2 .4 
g 

.3 .5 .6 .7 . 8 . 9 

0.00 • 0057 • 0104 • 0131 • 0128 • 0107 • 0085 • 0064 • 0043 • 0021 • 0213 • 0587 • 0075 • 0038 

0.05 • 0062 • 0115 • 0147 • 0150 • 0133 • 0113 • 0090 • 0065 • 0035 • 0369 • 0641 • (!092 • 0051 

0.10 • 0068 • 0126 • 0163 • 0171 • 0158 • 0141 • 0117 • 0086 • 0048 • 0525 .0695 • 0109 .0064 

0. 15 • 0073 • 0136 • 0180 • 0193 • 0184 • 0169 • 0144 . 0108 • 0061 • 0681 .0749 • 0126 • 0077 

0. 20 • 0079 • 0147 • 0196 .0214 • 0210 • 0196 • 0170 • 0130 • 0074 • 0837 • 0803 .0143 • 0090 

0.25 • 0084 • 0158 • 0212 • 0236 • 0236 .0224 • 0197 • 0152 • 0087 • 0993 • 0857 • 0160 • 0102 

0.30 • 0089 • 0169 • 0228 • 0258 • 0262 • 0252 • 0223 • 0174 • 0100 .1149 • 0911 • 0177 • 0115 

0.35 • 0095 • 0180 • 0244 • 0279 • 0288 • 0279 • 0250 • 0196 • 0114 .1305 ; 0965 • 0194 • 0128 . 

0.40 • 0100 • 0190 • 0261 • 0301 • 0314 • 0307 • 0276 • 0218 . 0127 .1461 .1019 • 0211 .0141 

0.45 • 0106 • 0201 • 0277 • 0322 • 0340 . 0335 • 0303 • 0239 • 0140 .1617 • t073 • 0229 . 0153 

0.50 • 0111 • 0212 • 0293 . 0344 • 0366 • 0363 • 0329 • 0261 • 0153 .1773 .1127 • 0246 • 0166 

0.55 • 0116 • 0223 . 0309 • 0366 • 0392 • 0390 • 0356 • 0283 • 0166 .1929 .1181 • 0263 • 0179 

0.60 • 0122 • 0234 • 0325 • 0387 • 0418 • 0418 • 0383 • 0305 • 0180 • 2085 .1235 • 0280 • 0192 

0.65 • 0127 • 0244 . 0342 • 0409 • 0444 • 0446 • 0409 • 0327 • 0193 .2241 .1289 • 0297 • 0205 

0.70 • 0133 • 0255 • 0358 • 0430 • 0469 • 0474 • 0436 • 0349 • 0206 .2397 .1343 • 0314 ·• 0217 

0.75 • 0138 • 0266 • 0374 • 0452 • 0495 • 0501 • 0462 • 0371 • 0219 • 2553 .1397 • 0331 • 0230 

0.80 • 0143 • 0277 .0390 • 0474 • 0521 . 0529 ·• 0489 • 0393 . 0232 .2709 .1451 • 0348 • 0243 

0.85 • 0149 • 0288 • 0406 • 0495 • 0547 • 0557 • 0515 • 0414 • 0245 .2865 .1505 • 0365 • 0256 

0. 90 • 0154 • 0298 • 0423 • 0517 • 0573 : 0585 . 0542 • 04E6 • 0259 • 3021 .1559 • 0382 • 0268 

0. 95 • 0160 • 0309 • 0439 • 0538 • 0599. • 0612 • 0568 • 0458 • 0272 • 3177 .1613 • 0400 • 0281 
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TABLE A-13 
13 = 0.7 

I Ln 
I p = 1 

0 , ® 
FAB = fl 

L I ~ 

I 
GAB = L g ---

EI0 

~ . I. j (LL) L2 Lg: L~ 

TAB = tl --El0 L 

(UL) 
= t5 

wL 3 
TAB ~ 

(HL) 
= t7 

wL 3 
IA 

TAB EI0 IA = Io µ = 
IB 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl g t5 t7 

~ . 1 .2 .3 .4 .5 .6 .7 .8 .9 

0.00 . 0171 • 0251 1. 0252 . 0216 • 0180 . 0144 • 0108 • 0072 . 0036 .2190 . 0360 • 0145 • 0088 

0.05 • 0176 • 0263 . 0269 . 0237 . 0202 • f'165 . 0125 . 0084 . 0042 .2247 • 0425 • 0159 . 00'99 

0. 10 . 0182 . 0274 . 0286 . 0258 . 0224 . 0186 • 0143 . 0097 .0049 • 2304 • 0491 . 0172 • 0110 

0. 15 • 0188 , 0286 • 0303 • 0280 • 0247 . 0206 • 0160 • 0109 • 0055 • 2361 . 0556 . 0186 • 0121 

0. 20 • 0194 . 0297 • 0321 . 0301 . 0269 • 0227 • 0177 • 0122 • 0062 • 2419 • 0621 • 0199 . 0132 

0.25 . 0199 . 0308 • 0338 .. 0322 . 0291 . 0248 . 0195 • 0134 • 0068 .2476 , 0687 • 0213 • 0143 

0.30 • 0205 • 0320 • 0355 . 0343 . 0313 • 0269 • 0212 . 0146 • 0075 .2533 • 0752 • 0227 . 0154 

0.35 . 0211 • 0331 • 0372 • 0364 . 0336 • 0290 • 0229 . 0159 . 0081 .2590 . 0817 • 0240 • 0165 

0. 40 . 0216 • 0343 • 0389 . 0386 • 0358 . 0310 . 0247 • 0171 • 0088 .2647 • 0883 • 0254 . 0176 

0.45 • 0222 . 0354 • 0406 • 0407 . 0380 . 0331 . 0264 • 0184 . 0094 • 2704 • 0948 • 0267 • 0187 

0. 50 • 0228 . 0366 • 0424 . 0428 . 0402 • 0352 • 0281 • 0196 . 0100 . 2762 . 1013 • 0281 . 0198 

0.55 • 0234 • 0377 • 0441 . 0449 . 0425 • 0373 • 0299 . 0208 . 0107 .2819 . 1079 • 0294 • 0209 

0.60 • 0239 . 0389 • 0458 • 0470 . 0447 . 0394 • 0316 . 0221 . 0113 .2876 .1144 . 0308 • 0220 

0.65 • 0245 . 0400 . 0475 . 0492 • 0469 . 0414 • 0334 • 0233 . 0120 .2933 .1209 • 0322 . 0231 

0. 70 • 0251 • 0411 • 0492 • 0513 • 0491 • 0435 • 0351 • 0246 . 0126 .2990 .1275 . 0335 . 0242 

0.75 • 0256 . 0423 • 0509 • 0534 • 0514 • 0456 • 0368 • 0258 • 0133 . 3047 .1340 • 0349 . 0253 

0. 80 • 0262 • 0434 . 0526 • 0555 • 0536 • 0477 . 0386 • 0270 • 0139 • 3105 .1405 . 0362 . 0264 

0.85 • 0268 • 0446 • 0543 • 0576 • 0558 • 0498 . 0403 • 0283 • 0146 . 3162 . 1471 • 0376 • 0275 

0.90 • 0274 • 0457 • 0561 • 0598 • 0581 • 0518 . 0420 . 0295 • 0152 • 3219 .1536 . 0390 • 0286 

0. 95 . 0279 • 0469 • 0578 . 0619 • 0603 . 0539 . 0438 • 0308 • 0159 . 3276 .1601 • 0403 . 0297 
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I 

TABLE A-14 
~=0.7 

I Ln 

0 p = 1 

® 
~ 

FBA : f2 
L 

~ 

I 
GBA = L g 

~ 

I: 
.1. 

:I 

0 

Lg: LI;) (LL)_ L2 
7 BA - t2 EIO 

wL 3 
7 (UL)= 

t6 BA ~ 
(HL) _ 

ta 
wL 3 

IA 7 BA - """Er" 
IA = I = 0 

0 
µ 

IB 

··-

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 t6 ta 

~ 
g 

. 1 .2 .3 .4 .5 .6 .7 . 8 . 9 

0.00 • 0034 • 0059 • 0063 . 0054 • 0045 • 0036 . 0027 • 0018 • 0009 .0090 • 0360 • 0035 • 0022 

0. 05 . 0041 • 0072 • 0083 • 0079 • 0074 . 0066 • 0055 • 0041 • 0023 • 0252 • 0425 • 0054 • 0038 

0. 10 • 0047 • 0085 • 0102 • 0105 • 0103 . 0096 . 0084 • 0064 • 0037 . 0414 • 0491 • 0073 • 0054 

0. 15 • 0054 • 0098 . 0122 . 0130 • 0132 • 0127 . 0112 • 0087 • 0050 • 0576 . 0556 • 0092 • 0070 

o. 20 • 0060 . 0111 • 0141 .0155 • 0161 • 0157 . 0141 • 0110 • 0064 • 0739 • 0621 . 0111 . 0087 

0.25 • 0067 • 0124 • 0161 • 0180 . 0190 . 0187 • 0169 • 0133 • 0078 • 0901 • 0687 • 0130 . 0103 

0. 30 • 0074 • 0137 • 0181 . 0206 • 0219 . 0217 . 0197 • 0157 • 0092 .1063 . 0752 . 0149 • 0119 

0.35 • 0080 . 0150 • 0200 . 0231 • 0248 . 0247 • 0226 . 0180 • 0106 .1225 ; 0817 . 0169 . 0135 . 

0.40 • 0087 • 0163 • 0220 . 0256 • 0277 • 0278 . 0254 • 0203 • 0119 • 1387 • 0883 • 0188 • 0151 

0.45 • 0093 . 0176 . 0239 • 0282 • 0306 . 0308 • 0283 . 0226 • 0133 .1549 • 0948 • 0207 . 0167 

0.50 • 0100 • 0189 • 0259 • 0307 . 0335 • 0338 • 0311 . 0249 • 0147 .1712 . 1013 • 0226 • 0184 

0.55 • 0106 • 0202 • 0279 • 0332 . 0364 • 0368 . 0339 • 0272 . 0161 .1874 • 1079 • 0245 . 0200 

0.60 • 0113 • 0215 . 0298 . 0358 • 0393 . 0398 • 0368 • 0295 • 0175 • 2036 .1144 . 0264 • 0216 

0.65 • 0119 • 0229 • 0318 • 0383 • 0422 • 0429 . 0397 • 0318 . 0188 .2198 .1209 • 0283 • 0232 

0.70 • 0126 , 0242 • 0337 • 0408 . 0451 , 0459 • 0425 • 0341 . 0202 ,2360 • 1275 • 0302 • 0248 

0.75 • 0132 . 0255 • 0357 . 0433 • 0480 • 0489 • 0453 • 0364 • 0216 . 2522 .1340 . 0321 • 0264 

0.80 . 0139 • 0268 . 0377 . 0459 • 0509 • 0519 • 0481 • 0388 • 0230 .2685 .1405 . 0340 • 0280 

0. 85 . • 0145 • 0281 • 0396 . 0484 • 0538 .• 0549 • 0510 • 0411 • 0244 .2847 . 1471 . 0359 • 0297 

0.90 • 0152 • 0294 • 0416 • 0509 • 0567 • 0580 • 0538 . 0434 . 0257 • 3009 . 1536 • 0378 • 0313 

0.95 • 0158 • 0307 • 0435 • 0535 • 0596 . 0610 • 0567 • 0457 • 0271 • 3171 • 1601 • 0398 . 0329 
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TABLE A-15 
\ (3 = 0.8 

I Ln 
I p = 1 

0 .~ ® 
FAB = fl 

L I EI0 

l 
GAB = L g 

EI0 

I: 
I I. j (LL) L2 L!l Lil 

'TAB = \ --EI0 L 

7 (UL) = t5 
wL 3 

AB ~ 
(HL) = t7 

wL 3 IA 
7 AB EI0 IA = Io µ = 

IB 

Coefficients for Angular Functions 

Influence Coefficient t 2 
fl g t5 t7 

~ . 1 . 2 .3 .4 .5 .6 . 7 . 8 .9 

o.oo , 0114 , 0139 , 0121 • 0104 , 0087 , 0069 • 0052 • 0035 , 0017 , 1627 , 0173 • 0075 , 0055 

0.05 , 0123 , 0156 , 0145 , 0131 , 0114 , 0094 , 0072 , 0049 , 0025 , 1712 • 0248 , 0092 , 0071 

0.10 , 0131 • 0~ 73 • 0169 , 0158 , 0140 , 0118 . 0092 , 0063 , 0032 .1797 • 0323 • 0109 • 0086 

0. 15 • 0140 • 0190 • 0192 • 0184 , 0167 , 0143 • 0112 • 0077 • 0039 .1883 , 0397 • 0127 • 0102 

0. 20 • 0148 • 0207 , 0216 • 0211 • 0194 • 0167 , 0133 • 0092 , 0047 .1968 • 0472 , 0144 • 0117 

0.25 • 0157 • 0224 • 0240 • 0238 • 0221 • 0192 . 0153 • 0106 . 0054 • 2053 , 0547 • 0161 , 0132 

0.30 • 0166 , 0241 • 0263 • 0265 • 0248 • 0217 • 0173 • 0120 • 0062 .2139 • 0621 • 0178 • 0148 

0.35 • 0174 • 0258 • 0287 • 0292 • 0275 • 0241 .0193 • 0135 , 0069 .2224 , 0696 • 0195 • 0163 

0.40 • 0183 • 0275 • 0311 • 0318 • 0302 • 0266 • 0213 • 0149 • 0076 • 2309 • 07.71 • 0212 • 0178 

0.45 • 0191 . 0292 • 0334 , 0345 • 0329 • 0290 • 0233 • 0163 . 0084 • 2395 , 0845 .0229 · .• _0194 

0. 50 • 0200 • 0309 • 0358 . 0372 . 0356 . 0315 • 0253 • 0177 • 0092 .2480 • 0920 • 0246 • 0209 

0.55 • 0208 • 0326 • 0382 • 0399 . 0383 • 0340 , 0274 • 0192 • 0099 .2565 , 09(!5 • 0263 • 0224 

0.60 • 0217 • 0343 • 0406 , 0426 • 0410 • 0364 • 0294 • 0206 . 0106 ,2651 • 1·069 .· • 0280 • 0240 

0.65 • 0225 • 0361 • 0429 • 0452 • 0437 , 0388 • 0314 • 0220 , 0113 .2736 , l.1.44 • 0297 . 0255 

o. 70 • 0234 , 0378 • 0453 • 0479 , 0463 • 0413 • 0334 • 0234 • 0121 .2821 .1219 • 0314 . 0270 

0.75 • 0242 • 0395 • 0477 , 0506 • 0490 • 0437 , 0354 . 0249 • 0128· .2906 , 1293 • 0331 . 0286 

0.80 • 0251 • 0412 • 0500 • 0533 , 0517 , 0462 • 0374 • 0263 , 0135 , 2992 , 1368 . 0348 . 0301 

o. 85 • 0259 • 0429 • 0524 • 0560 • 0544 . 0486 • 0395 • 0277 ,0143 , 3077 .1443 . 0365 • 0317 

0.90 • 0268 • 0446 • 0548 • 0586 • 0571 • 0511 . 0415 • 0291 • 0150 • 3163 .i517 • 0383 • 0332 

0. 95 • 0276 , 0463 , 0571 , 0613 • 0598 • 0535 • 0435 . 0306 , 0158 • 3248 .1592 . 0400 . 0347 
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TABLE A-16 
(3= 0.8 

I Ln 

0 p = 1 

® , 
FBA = f2 

L 
E!0 

I 
GBA = g L 

I: 
.1. 

:I 

--m;;-
L« L/;l (LL)_ L2 

TBA - t2 EI0 

(UL)-' 
t6 

wL 3 
TBA - ~ 

(HL) _ 
ts 

wL3 
IA TBA - ~ 

IA = I = 0 
0 

/.I 
IB 

Coefficients for Angular Functions 

Influence Coefficient. t 2 
f2 t6 ts 

~ .2 
g 

. 1 .3 .4 .5 .6 .7 . 8 .9 

o. 00 • 0016 • 0021 • 0019 , 0016 , 0013 , 0011 , 0008 , 0005 • 0003 • 0027 , 0173 , 0011 , 0009 

0. 05 , 0023 , 0036 • 0040 ,0043 • 0044 • 0042 • 0037 • 0029 • 0017 • 0192 , 0248 • 0032 , 0027 

0. 10 • 0031 • 0051 • 0062 • 0070 • 0074 . 0074 • 0067 • 0053 • 0031 • 0357 • 0323 • 0052 • 0046 

0. 15 , 0038 • 0066 • 0084 • 0098 • 0105 . 0105 • 0096 • 0077 • 0045 • 0523 • 0397 • 0072 • 0065 

0. 20 • 0046 • 0081 • 0106 • 0125 • 0136 . 0137 • 0125 • 0100 • 0059 , 0688 • 0472 • 0092 • 0084 

0.25 • 0053 • 0096 • 0128 • 0152 • 0166 • 0168 • 0155 • 0124 . 0073 • 0853 • 0647 • 0113 . 0102 

0.30 • 0060 . 0111 • 0150 . 0179 • 0197 , 0199 . 0184 • 0148 . 0087 .1019 , 0621 .0133 • 0121 

0.35 • 0068 • 0126 • 0171 • 0206 . 0227 • 0231 . 0213 • 0171 • 0101 .1184 • 0696 • 0153 • 0140 

0.40 • 0075 . 0141 • 0193 • 0234 • 0258 • 0262 . 0243 • 0195 . 0116 .1349 • 0771 . 0173 • 0159 

0.45 • 0083 . 0156 . 0215 • 0261 . 0289 . 0294 • 0272 • 0219 . 0130 • 1515 • 0845 • 0194 • 0177 

0.50 • 0090 • 0171 • 0237 • 0288 . 0319 . 0325 . 0301 • 0243 • 0144 .1680 • 0920 • 0214 • 0196 

0.55 . 0098 • 0186 . 0259 • 0315 . 0350 • 0357 • 0331 • 0266 • 0158 .1845 • 0995 • 0234 • 0215 

0.60 • 0105 • 0201 • 0280 • 0342 • 0380 • 0388 • 0360 . 0290 , 0172 . 2011 .1069 • 0255 . 0234 

0.65 • 0113 • 0215 • 0302 . 0370 • 0411 . 0420 . 0390 • 0314 • 0186 • 2176 .1144 • 0275 • 0253 . 
0.70 • 0120 • 0230 • 0324 • 0397 • 0442 • 0451 • 0419 • 0338 . 0200 .2341 .1219 • 0295 • 0271 

0.75 • 0128 . 0245 . 0346 . 0424 • 0472 • 0483 • 0448 • 0361 • 0214 • 2507 .1293 • 0315 • 0290 

0.80 • 0135 • 0260 . 0368 • 0451 • 0503 • 0514 . 0478 • 0385 • 0229 .2672 .1368 • 0336 • 0309 

0.85 • 0143 • 0275 • 0390 • 0478 • 0533 , 0546 • 0507 • 0409 • 0243 .2837 .1443 • 0356 . 0328 

0.90 • 0150 • 0290 • 0411 . 0506 • 0564 • 0577 • 0536 • 0433 • 0257 . 3003 .1517 • 0376 • 0346 

0.95 • 0158 • 0305 • 0433 • 0533 , 0594 • 0609 . 0566 • 0456 • 0271 • 3168 .1592 • 0396 • 0365 
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TABLE A-17 
13 = 0.9 

I Ln 
I p = 1 

0 
' ® 

FAB = fl 
L I --

EI0 

I 
GAB = L g 

~ 

~ .I. j (LL) L2 l,g: L§_ 

7 AB = \ ~ L 

7 (UL) = t5 
wL 3 

AB ~ 
(HL) = t7 

wL 3 
IA 

7 AB EI0 IA = I µ = 
IB 0 

Coefficients for Angular Functions -
Influence Coefficient t 2 

fl t5 t7 
~ 

g 
. 1 .2 .3 .4 .5 .6 ·. 7 .8 .9 

0.00 , 0042 • 0037 1, 0033 , 0028 , 0023 • 001.9 • 0014 • 0009 • 0005 , 0903 , 0047 , 0022 , 0019 

0.05 • 0054 • 0059 • 0061 • 0059 • 0053 • 0046 • 0036 • 0025 • 0013 • 1025 • 0128 • 0042 • 0038 

0. 10 • 0066 • 0\)82 • 0089 • 0089 • 0084 • 0073 • 0058 • 0040 • 0021 .1146 • 0209 • 0061 • 0057 

0. 15 • 0078 • 0104 • 0117 . 0120 • 0114 • 0100 • 0080 • 0056 . 0029 . 1268 • 0290 • 0081 . 0076 

0. 20 • 0091 • 0126 • 0145 . 0150 . 0144 • 0127 . 0102 . 0071 . 0037 . 1389 . 0371 • 0101 • 0095 

0. 25 • 0103 • 0148 • 0173 • 0181 • 0174 • 0154 . 0124 . 0087 • 0045 .1511 • 0452 • 0121 . 0115 

0.30 • 0115 • 0170 . 0201 • 0212 • 0204 . 0181 • 0146 • 0103 • 0053 .1632 • 0533 • 0140 . 0134 

0.35 • 0127 • 0192 . 0229 . 0242 . 0234 . 0208 . 0168 • 0118 • 0061 .1754 . 0614 . 0160 . 0153 

0. 40 • 0139 . 0214 • 0258 • 0273 . 0264 • 0235 . 0190 . 0134 . 0069 .1875 • 0695 . 0180 . 0172 

0.45 . 0151 . 0237 • 0286 • 0303 . 0294 . 0262 • 0212 . 0149 • 0077 . 1997 • 0776 . 0199 . 0191 

0. 50 • 0163 • 0259 . 0314 . 0334 • 0324 . 0289 • 0235 • 0165 • 0085 • 2118 . 0857 • 0219 . 0210 

0.55 • 0176 • 0281 . 0342 . 0365 . 0354 . 0316 . 0257 • 0180 . 0093 .2240 . 0938 • 0239 . 0229 

0. 60 • 0188 . 0303 . 0370 , 0395 • 0384 . 0343 • 0279 • 0196 • 0101 • 2361 .1019 • 0259 • 0248 

0.65 • 0200 . 0325 . 0398 . 0426 • 0414 . 0371 . 0301 • 0211 . 0109 .2483 .1100 • 0278 . 0268 

0.70 . 0212 . 0347 • 0426 • 0456 • 0444 • 0398 • 0323 . 0227 • 0117 .2604 .1181 • 0298 • 0287 

0.75 • 0224 • 0369 . 0454 • 0487 . 0475 • 0425 . 0345 . 0242 • 0125 . 2726 .1262 • 0318 . 0306 

0. 80 • 0236 • 0391 • 0483 . 0518 • 0505 . 0452 • 0367 • 0258 • 0133 .2847 .1343 • 0338 . 0325 

0. 85 • 0249 • 0414 • 0511 . 0548 • 0535 • 0479 . 0389 • 0273 • 0141 • 2969 .1424 • 0357 . 0344 

0.90 • 0261 • 0436 • 0539 • 0579 • 0565 • 0506 . 0411 . 0289 • 0149 • 3090 .1505 . 0377 • 0363 

0. 95 • 0273 . 0458 • 0567 • 0609 • 0595 • 0533 • 0433 . 0304 • 0157 . 3212 .1586 . 0397 • 0382 
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TABLE A-18 
13 = 0.9 

I Ln 

0 p = 1 

® 
FBA ' f2 

L 
~ 

0 

I 
GBA = g L 

--irr-

I: 
.1. ~ 

0 

Lg: L§ (LL)_ L2 
TBA - t2 EI0 

(UL)_ 
t6 

wL 3 
TBA - -~ 

(HL) _ 
ta 

wL 3 
IA TBA - --m;;-

IA = I µ = 
IB 0 

Coefficients for Angular Functions 

Influence Coefficient t 2 
f2 

~ . 1 .2 .3 .4 .5 .6 
g t6 ta 

.7 .8 .9 

0. 00 , 0003 , 0003 , 0002 , 0002 • 0002 , 0001 , 0001 • 0001 , 0000 , 0003 , 0047 , 0002 , 0001 

0.05 , 0011 • 0019 • 0025 , 0030 • 0033 , 0033 • 0031 • 0025 , 0015 • 0170 • 0128 • 0022 • 0022 

-· o. 10 , 0019 • 0034 • 0048 • 0058 • 0064 • 0065 • 0060 , 0049 , 0029 . 0336 , 0209 • 0043 • 0042 

0. 15 • 0027 • 0050 . 0070 , 0086 . 0095 • 0097 • 0090 • 0073 • 0043 • 0503 , 0290 • 0064 • 0062 

0. 20 . 0035 , 0066 • 0093 • 0114 . 0126 • 0129 , 0120 , 0097 • 0057 • 0669 • 0371 • 0085 • 0083 

0.25 • 0043 . 0082 • 0115 • 0141 • 0157 • 0161 . 0149 • 0120 . 0072 . 0836 • 0452 • 0105 . 0103 

0.30 . 0052 • 0098 . 0138 • 0169 . 0189 . 0193 • 0179 • 0144 . 0086 .1002 • 0533 • 0126 . 0123 

0. 35 • 0060 • 0114 • 0161 • 0197 • 0220 . 0225 • 0209 .0168 . 0100 .1168 • 0614 • 0147 • 0144 

0.40 .006$ . 0130 • 0183 • 0225 • 0251 • 0257 • 0239 • 0192 • 0114 • 1335 • 0695 . 0168 • 0164 

0.45 . 0076 '. 0145 • 0206 • 0253 . 0282 • 0289 • 0268 • 0216 . 0128 .1502 . 0776 • 0188 • 0185 
. 

0.50 • 0084 • 0161 • 0229 • 0281 • 0313 • 0321 • 0298 • 0240 • 0143 .1668 • 0857 • 0209 . 0205 

0.55 • 0092. • 0177 • 0251 • 0309 • 0344 • 0353 • 0328 • 0264 • 0157 .1835 • 0938 . 0230 • 0225 

0.60 • 0100 • 0193 . 0274 . 0337 • 0376 • 0385 • 0357 • 0288 • 0171 . 2001 .1019 . 0251 • 0246 

0.65 • 0108 • 0209 . 0297 • 0365 • 0407 • 0416 • 0387 • 0312 • 0185 .2168 .1100 • 0271 . 0266 

0.70 .0116 ·• 0225 • 0319 • 0393 • 0438 • 0448 • 0417 • 0336 . 0200 .2334 . 1181 • 0292 • 0286 

0.75 • 0124 • 0241 • 0342 . 0421 • 0469 • 0480 • 0446 • 0360 • 0214 .2501 .1262 . 0313 • 0306 

0.80 • 0133 . 0257 • 0364 • 0448 • 0500 . 0512 . 0476 . 0384 • 0228 • 2667 .1343 • 0334 • 0327 

0.85 • 0141 • 0272 • 0387 • 0476 • 0531 • 0544 • 0506 -.9408 . 0242 . 2834 .1424 • 0354 • 0347 

0. 90 .0149 • 0288 .0410 • 0504 • 0563 .0576 • 0536 • 0432 . 0257 . 3000 .1505 • 0375 • 0368 

0. 95 • 0157 • 0304 • 0432 • 0532 . 0594 • 0608 • 0565 . 0456 • 0271 , 3167 .1586 • 0396 . 0388 
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TABLE B-1 
f3 • 0.1 

I Ln 
I p = 1 

L 0 © 
' 

@ 
FAB = FBA = f EI0 

GAB = GBA = g L I EI0 

(LL) = tl 
L2 

I: 
.1. j. ~ "AB ~ Ltl La Ltl 

(LL) = t2 
L2 

L 7 BA EI0 

., (UL) = (UL) wL3 
= t4 AB "BA ~ Io Io 

wL3 IC = Io J.I = ~ 
= 1i ., (HL) = ., (HL) = 

t5 AB BA ~ 

Coefficients for Angular Functions 

lnfluence Coefficient t 1 
f ~ \ t5 

~ . 1 .2 .3 .4 .5 .6 . 7 . 8 .9 

o .. oo • 0243 • 0442 • 0561 • 0611 • 0600 • 0539 .0439 • 0308 • 0157 , 2427 .1573 • 0393 • 0020 

0. 05 , 0245 • 0444 • 0563 • 0612 • 0601 • 0540 .0439 • 0309 • 0158 .2472 .1578 • 0394 • 0020 

0. 10 • 0247 • 0446 • 0565 • 0614 • 06112 • 01141 • 0440 • 0309 • 0158 .2517 • 1583 • 0396 • 0020 

0.15 • 0249 • 0448 • 0566 • 0615 • 0604 • 0542 • 0441 • 0310 • 0158 .2563 • 1587 • 0397 • 0020 

0. 20 • 0251- • 0450 . 0568 • 0617 • 0605 • 0543 • 0442 • 0310 • 0159 .2608 • 1592 • 0398 . 0021 

0.25 • 0253 • 0451 • 0570 • 0618 • 0606 • 0545 • 0443 • 0311 • 0159 .2653 • 1597 • 0399 . 0021 

0.30 • 0255 • 0453 • 0571 • 0619 • 0607 , 0546 • 0444 . 0312 . 0160 .2699 • 1601 . 0400 . 0021 

0. 35, • 0257 , 0455 • 0573 • 0621 • 0609 • 0547 • 0444 . 0312 . 0160 .2744 • 1606 • 0401 . 0021 --
0. 40 • 0260 , 0457 • 0575 • 0622 • 0610 • 0548 , 0445 • 0313 . 0160 . 2789 . 1611 . 0403 . 0021 

0.45 .0262 ,0459 • 0576 • 0624 • 0611 • 0549 • 0446 • 0313 . 0161 . 2835 • 1615 • 0404 • 0021 

0.50 • 0264 • 0461 • 0578 . 0626 • 0612 , 0560 .0447 • 0314 .0161 .2880 .1620 .0406 • 0022 

o. 55 • 0266 • 0463 • 0580 • 0627 • 0614 • 0551 • 0448 • 0315 • 0162 • 2925 • 1626 . 0406 , 0022 

0. 60 • 0268 .0465 • 0582 • 0628 • 0615 • 0552 • 0448 • 0315 , 0162 . 2971 • 1629 • 0407 . 0022 

0.65 • 0270 • 0467 • 0583 • 0630 • 0616 .0563 . 0449 . 0316 • 0162 • 3016 .1634 • 0408 . 0022 

0.70 • 0272 • 0469 • 0585 • 0631 • 0617 • 0554. • 0450 • 0316 . 0163 • 3061 • 1639 • 0410 , 0022 

0.75 • 0274 • 0470 • 0587 • 0633 • 0619 • 0556 • 0451 . 0317 . 0163 . 3107 ~ 1643 • 0411 • 0022 

0.80 • 0277 • 0472 • 0588 • 0634 • 0620 • 0556 • 0452 • 0318 . 0163 . 3152 .1648 . 0412 . 0023 

0.85 • 0279 • 0474 • 0590 . 0636 • 0621 • 0557 • 0453 • 0318 . 0164 . 3197 • 1653 .0413 . 0023 

0.90 .0281 • 0476 • 0592 • 0637 • 0622 • 0558 ,0453 • 0319 .0164 . 3243 • 1657 • 0414 . 0023 

0. 95 . 0283 • 0478 • 0593 • 0639 • 0624 • 0559 ,0454 • 0319 .0165 • 3288 . 1662 . 0415 . 0023 

Vo' .9 . 8 . 7 .6 .5 .4 . 3 .2 . 1 
.f g t4 t 

Influence Coefficients t 2 
5 
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TABLE B-2 

I Ln p = 1 
13 = 0.2 

I 

@ @ ', ® L 
FAB = FBA = f 

~ 

I GAB = GBA = g L 

~ 

I: 
L/3 .~ La .I L/3 

:I 
(LL) = tl 

L2 
'TAB ~ 

0 

L (LL) L2 
'TBA = t2 ~ 

0 

I I 
(UL) = (UL) = t4 

wL3 

IC = Io 
0 0 'TAB 'TBA ~ 

µ = 
IA 

= 
1E 

0 

., (HL) = (HL) wL3 
= \ AB 'TBA -wr;;-

Coefficients for Angular Functions 

Influence Coefficient t 1 

~ 
f g t4 \ . 1 .2 .3 .4 .5 .6 .7 .8 .9 

0. 00 • 0168 • 0336 • 0466 . 0525 . 0525 . 0475 . 0384 . 0264 . 0132 . 1680 . 1320 . 0330 . 0060 

0. 05 .0174 • 0343 . 0472 .0531 • 0530 • 0479 ,0388 , 0267 ,0134 • 1763 • 1337 • 0334 • 0061 

0. 10 . 0180 .0350 . 0479 • 0537 , 0535 • 0483 . 0391 , 0270 • 0135 . 1845 • 1355 0339 .0062 

o. 15 . 0186 . 0358 . 0485 . 0542 . 0540 . 0487 • 0395 . 0272 . 0137 . 1928 . 1372 • 0343 . 0064 

0. 20 . 0191· . 0365 . 0492 . 0548 . 0545 . 0492 . 0398 . 0275 .0139 • 2011 • 1389 ,0347 . 0065 

0.25 . 0197 . 0372 . 0498 ,0554 ,0550 . 0496 . 0402 • 0278 . 0140 .2093 . 1407 . 0352 . 0067 

0.30 . 0203 . 0379 . 0504 . 0560 . 0555 .0500 . 0406 . 0281 . 0142 . 2176 . 1424 . 0356 . 0068 

0.35 . 0209 . 0386 . 0511 . 0565 . 0560 . 0505 . 0409 . 0284 . 0144 .2259 .1441 . 0360 . 0069 

0.40 . 0215 . 0394 . 0517 . 0571 . 0565 . 0509 . 0413 . 0286 . 0145 . 2341 . 1459 . 0365 . 0071 

0.45 . 0221 . 0401 . 0524 . 0577 . 0570 .0513 . 0416 • 0289 . 0147 .2424 . 1476 . 0369 . 0072 

0.50 . 0227 . 0408 . 0530 . 0583 . 0575 . 0517 . 0420 . 0292 . 0149 .2507 . 1493 . 0373 . 0073 

0.55 . 0232 . 0415 . 0537 .0588 .0580 . 0522 . 0423 • 0295 . 0150 . 2589 . 1511 . 0378 . 0075 

0. 60 . 0238 . 0422 . 0543 . 0594 . 0585 • 0526 . 0427 . 0298 • 0152 . 2672 . 1528 . 0382 . 0076 

0.65 . 0244 . 0430 . 0550 . 0600 . 0590 . 0530 . 0430 • 0300 . 0153 .2755 • 1545 • 0386 . 0077 

0. 70 • 0250 . 0437 . 0556 . 0606 . 0595 . 0534 .0434 . 0303 • 0155 .2837 .1563 • 0390 . 0078 

0.75 . 0256 ,0444 . 0563 . 0611 . 0600 . 0539 . 0437 . 0306 . 0157 .2920 . 1580 • 0395 . 0080 

0.80 • 0262 ,0451 . 0569 . 0617 . 0605 . 0543 . 0441 . 0309 • 0158 . 3003 • 1597 . 0399 • 0081 

0.85 • 0267 .0458 . 0576 . 0623 • 0610 ,0547 . 0444 . 0312 . 0160 . 3085 . 1615 .0404 . 0082 

0. 90 . 0273 . 0466 .0582 . 0629 . 0615 .0551 , 0448 . 0314 . 0162 . 3168 . 1632 . 0408 • 0084 

0.95 . 0279 . 0473 . 0588 • 0634 . 0620 . 0556 .0451 • 0317 . 0163 . 3251 . 1649 • 0412 . 0085 

Vu .9 .8 .7 .6 .5 .4 .3 .2 . 1 
f g t4 t5 

Influence Coefficients t 2 
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11 

TABLE B-3 i 

f3 • 0.3 
Ln I 

@ p = 1 

L 
@ @ 

FAB = FBA = f 
~ 

GAB = GBA = g L I ~ 
(LL) = tl 

L2 

I: 
.1. I j 'TAB ~ L/3 La L/3 0 

(LL) = t2 
L2 

L 'TBA EI0 

'T (UL) = (UL) wL3 
'TBA = t4 EI0 I I AB 

IC = Io 
0 0 

wL3 
µ = 

IA 
= 

1E 'T (HL) = 'T (HL) = t5 AB BA EI 
0 

Coefficients for Angular Functions 

, ·-
I Influence Coefficient t 1 

f g \ t5 

~ . 1 . 2 . 3 .4 . 5 .6 .7 .8 .9 

o .. oo • 0105 .0211 . 0316 • 0388 0400 • 0362 • 0284 • 0189 • 0095 • 1053 .0947 10237 • 0090 

0.05 . 0114 • 0224 . 0330 • 0401 . 0411 • 0372 • 0293 • 0196 • 0098 .1167 • 0983 . 0246 • 0094 

0. 10 • 0123 . 0238 . 0344 . 0413 • 0422 • 0382 • 0301 • 0202 • 0102 • 1281 • 1019 ·. 0255 . 0099 

0. 15 • 0132 • 0251 • 0358 . 0426 • 04~~ .0392 .0310 • 0209 • 0105 . 1395 .1055 • 0264 .0103 

0. 20 • 0141 . 0265 . 0372 . 0438 .04~ . 0402 • 0318 • 0215 . 0109 • 1509 . 1091 . 0273 . 0108 

0.25 • 0150 • 0278 . 0386 . 0451 • 04~~ . 0411 . 0327 • 0222 • 0112 • 1623 . 1127 . 0282 . 0112 

0.30 • 0159 • 0291 • 0400 • 0464 • 046.7, • 0421 . 0335 • 0228 . 0116 .1737 .1163 . 0291 . 0117 

0.35 . 0168 . 0305 . 0414 • 0476 • 04t9 . 0431 0344 • 0235 • 0119 • 1851 .1199 .0300 • 0122 ----0.40 . 0177 . 0318 . 0428 . 0489 • 0490 . 0441 • 0352 • 0242 . 0123 • 1965 .1235 . 0309 . 0126 

0.45 • 0186 • 0332 .0442 . 0501 . 0501 . 0451 . 0361 . 0248 . 0126 . 2079 . 1271 .0318 .0130 

0.50 . 0195 . 0345 . 0455 . 0514 .0513 . 0461 . 0370 • 0255 . 0130 .2193 . 1307 • 0327 . 0135 

0.55 . 0204 . 0359 .0469 .0527 . 0524 . 0471 . 0378 . 0261 . 0133 .2307 .1343 • 0336 • 0139 

0.60 .. 0213 . 0372 . 0483. .0539 . 0535. . 0481 • 0387 . . 0268 . 0137 . 2421 .1379 . 0345 • 0144 

0.65 . 0222 .0386 • 0497 • 0552 • 0546 . 0491 . 0395 . 0274 .0140 .2535 • 1415 .0354 . 0148 

0.70 • 0231 • 0399 . 0511 .0564 . 055.8 . 0501 . 0404 . 0281 . 0144 .2649 • 1451 • 0363 • 0153 

o.'75 . 0240 . 0413 . 0525 . 0577 . 0569 . 0511 . 0412 . 0287 .0147 . 2763 .1487 . 0372 . 0157 

0.80 . 0249 • 0426 . 0539 .0590 • 0580 . 0520 . 0421 • 0294 . 0151 .2877 . 1523 .0381 . 0162 

0.85 . 0258 . 0440 . 0553 . 0602 . 0591 . 0530 . 0429 . 0300 . 0154 .2991 .1559 .0390 .0166 

0. 90 • 0267 . 0453 . 0567 • 0615 . 0603 • 0540 . 0438 . 0307 • 0158 • 3105 .1595 .0399 • 0171 

0. 95 • 0276 • 0467 . 0581 . 0627 . 0614 . 0550 • 0446 . 0313 . 0161 . 3219 .1631 . 0408 . 0175 

~ . 9 .8 . 7 .6 .5 .4 .3 . 2 . 1 
f g t4 t 

Influence Coefficients t 2 
5 
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TABLE B-4 

Ln p = 1 
(3 = 0.4 

I 
I 

0 @ 
' 

® L 
FAB = FBA = f 

Ela 

I GAB =· GBA = g L 
Ela 

I: 
L/3 . 1. La . , . L/3 

:I 
(LL) = tl 

L2 
"AB ""EI a 

L (LL) L2 
7 BA = t2 ~ 

Io Io 
(UL) = ., (UL) = t4 

wL3 

Ic Io 
"AB BA ~ = µ " ~ 

= Ii T (HL) _ T (HL) = t5 
wL3 

AB - BA ~ 

Coefficients for Angular Functions 

Influence Coefficient t 1 

~ 
f g t4 \ . 1 .2 .3 .4 .5 .6 .7 .8 .9 

0.00 , 0051 • 0101 , 0152 • 0203 • 0225 .0197 • 0148 .0099 • 0049 • 0507 . 0493 • 0123 • 0080 

0. 05 , 0062 • 0120 , 0174 • 0224 , 0245 . 0215 • 0163 • 0110 • 0055 . 0648 • 0552 . 0138 .0091 

0. 10 , 0074 • 0139 • 0196 . 0246 , 0265 , 0234 . 0179 . 0121 • 0061 . 0789 • 0611 . 0153 . 0101 

0. 15 .0086 , 0158 . 0218 .0268 • 0285 • 0252 • 0194 . 0132 . 0067 • 0931 • 0669 , 0167 . 0112 

0.20 . 0098 . 0177 . 0241 . 0290 • 0~05 . 0270 • 0209 . 0143 . 0072 • 1072 • 0728 . 0182 • 0123 

0.25 ,0109 , 0196 , 0263 . 0312 • 0~25 • 0288 .0225 • 0154 • 0078 . 1213 • 0787 ,0197 . 0133 

0.30 • 0121 . 0215 . 0285 ,0334 • 0~45 ,0306 . 0240 • 0165 . 0084 . 1355 • 0845 , 0211 . 0144 

0.35 . 0133 . 0234 , 0307 , 0356 , 0~65 . 0324 • 0255 • 0176 . 0090 . 1496 • 0904 . 0226 . 0165 

0.40 , 0144 • 0253 ,0329 ,0378 , 0~85 • 0342 • 0271 • 0187 . 0096 . 1637 . 0963 • 0241 . 0165 

0.45 . 0156 . 0272 ,0351 ,0399 • o,i;o5 . 0360 • 0286 . 0198 • 0101 . 1779 . 1021 .0255 • 0176 

0.50 • 0168 . 0291 . 0373 • 0421 . 0425 ,0379 . 0.301 • 0209 . 0107 . 1920 .1080 . 0270 . 0187 

0.65 . 0180 • 0310 , 0396 . 0443 .0445 ,0397 .0317 • 0220 . 0113 . 2061 • 1139 . 0285 .0197 

0.60 • 0191 .0329 . 0418 . 0465 • 0~65 . 0415 • 0332 . 0231 . 0119 .2203 .1197 . 0299 . 0208 

0.65 . 0203 • 0347 . 0440 • 0487 .04,85 . 0433 . 0348 • 0243 . 0125 .2344 . 1256 .0314 • 0219 

0.70 • 0215 • 0366 • 0462 .0509 • 0~05 . 0451 . 0363 . 0254 . 0130 .2485 • 1315 . 0329 . 0229 

0.75 • 0226 • 0385 • 0484 .0531 • 0525 . 0469 . 0378 • 0265 . 0136 .2627 . 1373 . 0343 . 0240 

0.80 • 0238 . 0404 . 0506 .0553 . 0545 . 0487 • 0394 • 0276 . 0142 ,2768 • 1432 • 0358 • 0251 

0.85 • 0250 • 0423 , 0529 . 0574 . 0565 . 0506 .0409 • 0287 . 0148 .2909 .1491 . 0373 . 0261 

0.90 . 0262 • 0442 . 0551 . 0596 . 0586 . 0524 • 0424 . 0298 • 0153 . 3051 .1549 . 0387 ,0272 

0.95 • 0273 .0461 . 0573 .0618 . 0605 ,0542 . 0440 • 0309 . 0159 . 3192 • 1608 . 0402 . 0283 

Yu .9 .8 .7 .6 .5 .4 .3 .2 . 1 
f g t4 t5 

Influence Coefficients t 2 
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The tables on the preceding pages may be used to evaluate 

constants for the analysis of pinned-end frames, continuous 

beams, and continuous frames of variable cross section. The 

use of these beam constants is not restricted solely to analyses 

by the String Polygon Method as there exists a series of simple 

relationships between the angular functions of a structural 

system and the so-called moment functions. 

The moment functions are~ 

(a) Stiffness Factor 

(b) Carry-Over Stiffness Factor 

(c) Fixed-End Moments. 

The relationship between these functions and the angular 

functions is given byg 

(a) Stiffness Factor - The stiffness factor K .. is defined 
l.J 

as the moment required to produce unit rotation at i 9 end j 

being fixedo 

F .. 
K .. ::: ...J!. 

l.J N 

F .. 
K .. ::: __!.J. 

J]. N 

N F .. F .. 
2 

= = G .. 
l.J J]. l.J 

(b) Carry-Over Stiffness Factor ·- The· carry-over stiffness 

factor C .. is defined as the ratio of the moment produced at the 
l.J 

fixed end j to the moment applied at i. 

c .. = 
l.J 

G •. 
....bl 
F .. 

J]. 



C ~ .. = J]. 

(c) 

G .• 
_J_! 
F .. 

l.J 

Fixed-End Moments - The fixed-end moment FM .. is 
J.J 

defined as the moment developed at i of the member ij if ends 

i and j are held fixed. 

G .. 7.. =F .. 7.. 
FM .. = l.J ,Jl. ,p J.J 

J.J N 

F . . T .. =G .. 7.. 
FM .• ·- l..J Jl. J.J JLJ 

Jl. N 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

The analytical expressions for the end slopes of a 

straight prismatic beam with sudden changes in cross section 

were calculated by means of the string polygon method of 

analysiso It was shown that resulting algebraic equations 

were simple and can be readily used in engineering practice. 

Angular functions included in this thesis are: 

(a) Angular flexibilities and carry-over valueso 

(b) Load functions due to uniform and haunch loads. 

(c) Load functions due to a unit moving load. 

All these angular functions have been evaluated on a 

electronic computer IBM 650 and are tabulated in this thesis. 

These angular functions can be used for three 11uqJoses: 

(a) Analysis of straight :plate girders with sudden 

changes in cross section. 

(b) Calculation of end slopes and deflections of 

straight plate girderso 

(c) Analysis of rigid frames with straight n:uembers 

with sudden changes in cross section. 
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