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PREFACE

The material presented in this thesis is the outgrowth
of seminar lectures delivered by Professor Jan J. Tuma in the
spring of 1959 and 1960. The literature survey and the gen-
eral theory of the string polygon for straight and bent mem-
bers were prepared by Professor Tuma (1).

The application of the string polygon to the calculation
of beam constants was reported by Chu (2). Maydayag (3) de-
veloped the string polygon calculations for deflection of air-
plane wings and programmed this procedure for the IBM 650
electronic computer. Harvey (4) developed a string polygon
application to the analysis of column beams.

The application of the String Polygon Method to the an-
alysis of single span pinned-end frames with members of lin-
ear variation in cross-section is presented in this thesis.
Two other graduate students are extending the application of
this theory to frames with members of parabolic wvariation in
cross-section (5) and to frames with sudden change in cross=
section (6).

Filnally, the general theory of the string polygon in
terms of the energy due to shearing forces, normal forces,
and bending moments is developed by Wu (7).
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PART I
INTRODUCT ION

The representation of the elastic curve of a straight
beam as a differential string polygon was introduced by Mohr(8)
in connection with his concept of elastic weights and of con-
jugate beams.

Miller-Breslau developed the idea of joint loads (knoten
lasten) for straight members (9) and bent members (10). In
his definition of joint loads the influence of the load on the
element was neglected and only the effects of the moments,
shears, and normal forces were considered.

The restatement of the formulation of joint loads may be
found in recent publications (11, 12, 13, 14).

The idea of angle change traverses is discussed by Cross
(15) and Michalos (16) and is essentially the idea of the
string polygon as formulated by Mohr and Mt'iller-Breslauo

By adding the angular load function "T", Tuma (1) gen-
eralized the String Polygon and related it to the three mo-
ment equation, thus making possible the application of beam
constants now available (17). .This function accounts for loads
at the intermediate points between vertices of the polygon and
yields exact results.

The analysis of pinned-end frames of variable cross-sec-

tion is a very commonplace problem in structural analysis.,
1



Utilizing the string polygon theory and the analogy of elas-
tic weights, the analysis of such frames is a simple problem
is statics. When the tables of beam constants are used to
compute the slopes, computation:time is brought to a minimum,

The subsequent study is divided into eight parts. In the
second part the string polygon theory and the analogy of elas-
tic weights is presented. V&he elastic weight is a three-mo-
ment equation stating the changenin slope of two adjacent
string lines of the polygon./ The third part deals with the
expansion of this theory to include bent members and the for-
mulation of relationships needed to compute load functions
' necessary in the evaluation of elastic weights. In the fourth
part the String Polygon Method is applied to pinned-end frames.

The fifth part involves the development of an IBM compu=-
ter program which tabulates numerical coefficients for compu-
tation of end slopes for beams with a linear variation in
cross-gsection. This program is an outgrowth of similar work
done by Lassley (18) for members of parabolic variation in
cross-section. Tables of beam constants for straight haunch-
ed members are explained and tabulated in part six.

The seventh part gives the procedure of analysis and fol-
lows this procedure through two numerical examples. Finally,

the thesis i1s summarized and conclusions are drawn.



PART IX

THECRY OF THE STRING POLYGON

l. Definition.

The string polygon 1s an analogy based upon several el-
ementary structural relationships. A simple beam of variable

cross=sectlon acted on by a general system of transverse loads

is considered (Fig. 2-1).

N

® =

Figo 2"'1

Simple Beam

A finite number of points (i, j, k) along the beam are
considered. The corresponding points on the elastic curve
(1'y, §'y k'), jolned by straight lines form a string polygon
(Fige 2=2).

The relationship between the geometry of the string po=-

lygon and the deformations of the beam 1s investigated.

5



Flg., 2=-2

String Polygon

2. Three Moment Equation.

Let (i, j, k) represent three consecutive points on the
beam. The lengths Ly and I, are the distances 13 and Jk, re-
spectively (Fig. 2-2). Segments 1] and jk are isolated and
from the conditions of static equilibrium the end moments
and shears are calculated (Figs. 2-3,%). The variation of

the bending moment in the first segment is given by Eq. (2~1).

Fig ° 2""‘3

Segment 1]



(1) - . 0! u_
M o> Ly o= By M f o+ My (2-1)

The ordinates u and u' are measured from i and J res-

pectively. Similarly

— D

o

v %k - V.
ik S &
Figo 2_)'*‘
Segment jk
u( = o—» I = B+ & o+ 1 -
v Voo Pk (2-2)

The strain energy of 1jk due to bending is:

3 K
¥ du 1 av
- 153 }
Y g% SRT t SET (2-3)

_ ' 3
The change in slope of the string polygon at J ( qu)
Fig, 2=-2 may be computed by various methods. Castigiliano's

theorem is applied.

SM/ 4M 8M du o L OM, v
, W
= -+ § - a & (2-k)
a M 2EI ‘ 2EL,
hat®
In terms of bending moments9 defined by Bg.'s (2-1,2), the




change in slope is:

Bq. (2-5) with new equivalents is:

qu = My Gyg o+ MJZF‘j + My Gy +z T (2-6)

The righf side of Eq. (2-6) takes the form of the gener-
al three moment equation in terms of angular flexibilities
(F's), angular carry-over values (G's), angular lgad functions
(’f;s)v and bending moments.(19) The definitions of these

functions are stated in the following section.,

3. _Angular Fupctions.

A. The Angular Flexibility. Fji (oerjk) is the end
slope of the simple beam ij (or jk) at j, due to a unit me-
ment applied at that end. (Fig., 2-5).

| 3 .
F = u® du F

ji
72
Lj EL,

2
17_1.___@.1 (2_7)
2

L 21,




)

|

Ly

F ig » 2"'5’

=) ° (==

Angular Flexiblilities and Carry-Over Values

e

B. The Carry-Over Value, Gys (or Gy) is the end slope

of the simple beam ij (or k) at i (or k) due to a unit mo-

ment applied at the far end j.

J
uu' du

Gyyq =
i

2 pr
15 BI,

J

i
C.

Ihe Angular Ioad Function.

ij

(Fig. 2=5).

k

v v! dv

4

12 BT,

@-8)

d
’rji (or 7ﬂk) is the end

slope of the simple beam 1j (or Jk) at jy due to loads, (Flg°

2-6).

’ BMu u@u
L,BET
Jou

il

BM v"dv

LkEIv

AN

Angular Load Functions

(2-9)



4, Conjugate Beam and Blastic Weights.

The equation for the change 1n slope of adjoining string

lines of the polygon (Eq. 2=6) is perfectly general and may

be written for any point of the polygon, AijkB (Fig. 2=7).

If the‘slopes of the polygon strings are denoted as W

al?

Odij, ijkﬂ Wypy their relatiohships to the changes in

slope are

W, .
1]

Wy

W

kB

With notation

Wy

“Wp - @B by + ¢j+ ol

=)
=3

Was

the end slopes of the polygon (Fig. 2-~7) are

1]

ki

=i

- ¢j (2-10a)
- Py - P
CL)B 2~ Wyp
— (2-10%)
(L, + Lk + 1B)

+ by (L + L) ———— (2-11a)
+ P (Tp)

i (Li)
+ gbj (L, + L) f—— (2-111)




Fig. 2-7a Qb%(lgﬂk-l-lrj)
Real Beam
D | ~
Geometry of String Polygon
| Gk
_ =
P l’ﬁ ;"
tRAY Ry
Hpy =Wy , o v; = W g | |
D" < ' - ! . ‘ | |
‘ %3? _ tI:RBY =Wy
. —
% =0y | b O — fu-a

Fig., 2=-7b
Conjugate Beam

Funetion of String Polygon
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These relationships are based on the assumption that the

elastic curve 1s almost flat and all slopes are small. The

equalities will be

Tan W
Ai =
ERIE

2 Sin W & W
Aiu ﬁ 2 Jig?
AL B A KIiB!

Tan P 2 sin b & P

With these simplifications the deflections in terms of

q&ﬂs hecome

i

B

A (Li)

W
Wy (I + L) - Py (T

W, (L +‘Lj + L)

- Py (L + L) - ¢ (1)

e——

+— (2-12)

(2-13)

From closer inspection of Bg.'s (2-10, 11, 13) it may

be observed that:

1. The end slopes given by Eq. (2-11) are functionally

gimilar to the reactions of a simple beam of the

same length (conjugate beam) loaded by Qb’s (elas=

tic weights).

2. The slopes of the strines (BEq.'s 2-10a, 10b) are

functionally similar to the shear of a simple beam

of the same length»loaded by q5?30

3¢ The deflections of the real beam at the points of

the string polygon are equal to the bending moments
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of a simple beam of the same length loaded by qB's.
From these three observations the analogy between the
deformation of the real beam and the statical functions of
the conjugate beam is established., To make the similarity

more perceptible, new nomenclature 1is introduced:

Pm qbln_ = The change in slope at point m' of two

adjacent string lines.

Sm The horizontal distance from the left

| end of the beam to the point of appli-
cation of Pm‘ |
Sm = The horizontal distance from the right
end of the beam to the point of appli-
cation of Fgo

ny = The horizontal distance from the point

of application of F; to the point of

application of Pj.

The reaction of the conjugate beam or

|
L]
£
I

Ray A
the slope of the real beam at A.

The reaction of the conjugate beam or

1
it
S
L

the slope of the real beam at B.

(PI

Vy = (Ujk - The shear of the conjugate beam or the
slope of the real beam at j.

M, = AN, = The moment of the conjugate beam or the
deformation of the real beam at jJ.

In terms of these notations the governing equations of

the string polygon are:

B = 3! B
— z P, S, = = z Pp Spt(2-14a)
AY L BY A L

A



a1
Vj = RAY=2Pm
Y
1
W, = By 83525 By Zs
A

The analogy is shown in Fig. (2-7).

12

(2-14b)



PART III

STRING POLYGON FOR BENT MEMBERS

l. Basic Relationships,

The theory of the string polygon can bhe very easily ap-
plied to inclined and bent members. A4 hent member 1jk of va-
riable cross-section acted on by a general system of trans-
verse loads 1s considered. The slopes of segments 33 and EE,
are T4 and T,y Tespectively (Fig. 3-1).

If segments 1 and jk are isolated into two free bodies,
the bending moments are ohtalhed in similar form as in Part II,

Section 2, —

M, = M; B & M. L. + BM
l . J ] ) u
d a

- | (3-1)
Moo= M, X o4 oM Yo o4 BMy
‘dk k dy

—

The relative angular displacements (gbj) are somewhat
more difficult to understand for the bent member than for the
straight member. For clarity it should be remembered that if
the change in slope of the real member gt j (before deforma-
tion) is Pjg then the change in slope of the string polygon
at j (after deformation)\is F} + gbj, and the difference of
these two changes is the change in slope of the polygon due

to deformation.

13



Fige 31

Bent Member 1jk

For simplicitys

P,

J

o
Py +

For the computation of deformations both values ( Pj and

i

Change in slope due to geometry

i

Change in slope due to deformation

L

Total change in slope.

#ﬁ) are of extreme importance.

2, Three Moment Eqguation.
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The strain energy for’a bent member EHE due to bending

X J k
158 > ‘
. MS du M2 v
ijk e, * 5 F, (3-2)

Castigiliano's theorem is applied, and the change in

slope ( qu), in terms of bending'moments_(qu 3-1) is:

| j j j —_—
qb_ = 5M,, udu ' wu' du o, oy ‘w2 du
n J ) a j‘ J . 1 s B
o [ K — (3-3)
BM V"dv 12 ' ! -
: + i PE v dv_ . v v! dv
T mT T M, = * ¥ N
f ik 5L A a1, % a2 BI
. -y A 7 . kv
4 [t ‘ J !
Eg. (3=3) with hew equivalents (Part II, Section 3) is:
Py = My Gy My DE N G 4D T (3-4)

The general three moment eqﬁation is again obtained.
The only difference between Eq. (2-6) and Eq. (3-4) appears
in the angular load functlon due to the inclination of the

bent member.

3. _Angular Load Functionsg.,

The angular load function ’Tﬁi (or 'Tjk) of a bent mem-
ber due to vertical loads 1s the end slope of a simple beam

13" at j, having as its length the horizontal projection
Ay
tric function of the slope (Fig. 3-=2)

(or d,.) or the bent member, multiplied by a trigonome-
flod 2

The angular load function for vertical loads is:
J

BM,, udu (
e o g P 3‘5&)
7751 ‘dj EIu



J
BM, xdx
T, = l ——m e = 1 T s (3 5!3)
Ji Cos T 5 djx EIX Cos ’ITJ jix

Tjiy

de

'Thj_Due to Applied Loads

The change in slope ‘at j (elastic weight) due to verti-

cal loads on bent member 1j (Fig 3-2) is:

q'pj = My Gyy o+ My ZFJ £ My Gy
* Tos TTj ‘TﬁiX v Cos T ’rjkx

Similarly the angular load function Ts; ( or Tsp) of

a bent member 1j due to horizontal loads (Fig. 3-2) is:

(3-7a)

ji
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2J
BM, ydy :
- 1 i : : 1
’T.i 2 e — T = = 7(.‘.‘ (3..‘7'b>
J Sin 7Tj i djy LIX | Sin ﬂTj jiy

1 o
The change in slope at j (elastic weight) due to horizon-

tal loads on bent member 13 (Fig. 3-3) is:

4;3 = My Gy + I ZFj + My Gy

|

—— (3-8)

[ e T,
* B 7T Tsiy * s P




PART TV

STRING POLYGON FOR PINNED-END FRAMES

1. Pinned-End Frames With Hinges gl-the Same Tevel.

The theory of the string polygon presents a very simple
approach to obtain both the horizontal displacement and the
horizontal thrust redundant in the analysis of statically in-
determinate pinned-end frames. A plhned-end frame with sup=~
ports on the same level, of variable cross-section, and act=-
ed on by a general system of horizontal and vertical trans-
verse loads is considered (Fig.'s 4=-1, 2).

A. Horizonbal Displacement.

Fige. 4-1

Differential Horizontal Displacement at A

QO
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The horizontal displacement d( 4 ) of the frame A1jKB
is the static moment of dﬁbm (elastic weight at m) about the
axls of the hinges. » '

a (D) = (@) ¥, . (4-1)

The total horizontal displacement iss

B .
AAX = Z (;b'm Yo . (4=2)
Similarly
B
AAX = Z P Y, . (4=3)
| A

The physical interpretation of Eq.'s (4=2) and (4-3)
iss The horizontal displacement is equal to the static mo-
ment of the elastic weights about AB.

B.

Fig.u l'l'“'2

Pinned-End Frame with Hingeg at the Same Level
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Referring to Eq. 3-~6 and Eq. 3-8, the elastic weight at

point j (any point) due to loads and redundant H is:

Pj = MiGij + szFj + Mkaj
1

1

* 7-’jix Cos ’ITJ,_ T Tjiy Sin ’ITJ. — (k=k)
S N ——
b i Cos v Tawy BImom, .

The bending moments at joints of the frame are functions

of the loads and H. S

M; = BM; + HY;
M, = BM, 4+ HY, (4~5a)
d J J
Mk. = BMk + H Yk
Thus )
- (L) =(H
@ ; L.
Pj g+ Py (4=5b)
Therefore the elastic weight due to loads is:
- ‘ .—-—1
”F'(L) = M, G "M, ) F M. G
jE M Gy v MR Oy
¥ T, 1 +r T e
jix Cos Ty jky Sin s — (&=5c)
L N S
Ty Cos 77, o Tiky 5in 1T,

and the elastic weight due to H is:
BH) z . - -
P HI Yy Gy + Y30 Fy ¢ _ik Giey (%-5d)

From Eq. 4%=3 the static moment of the elastic weights

about the axis AB iss
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L N5(D) (H) | .
5By YWy (4-6a)
or ' _

From these investigations the equation for the horizon-

tal thrust redundant is obtalned.

=(
z L) (%-7)
Z-—:(H : .

2. Pinned-End Frames With Hinges at Different lLevels.

A pinned-end frame with supports at different levels, of
variable crossmsection9 and acted on by a general system of

horizontal and vertical transverse loads is considered (Fig.

=2 w

Fig. 4=2

Pinned~End Frame With Hinges at Different Levels
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The frame would be relatively difficult to analyze if
the computations would take into consideration the orienta-
tion of the frame with the horizontal and vertical axes. The
analysis of the thrust redundant woulé then involve consider-
ation of its vertical and horizontal components. This tedi~
ous process ls eliminated if the axes are rotated at an angle
® so the transformed horizontal aiis (x' axis) has its line
of action coinclde with the line of action of the thrust re-
dundant (Fig. 4-2).

The angular load functions do not change when the axis
is rotated. The value of the load function for a bent member
is due to the orientation of the member and not the frame,

The distances, from the transformed axis to the point
of application of elastic loads, are easlly computed from
trigonometr%c functions of the angle of rotation (®). Poilnt

j in Pig. (4—3) is considered.

+ X

Fige. 4=3

Orientation of Point j
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The geometry of Fig. (k=3) is considered and the dis-

tance 2% ige

*‘Yf’ = v, Cos © - 1, Sin © (k-8
37 ! |

The only difference between the calculation of pinned-
end frames with hinges on one level and pinned-end frames
with hinges on different levels is the transformation of the
axes. Whenh the transformed axes are considered, calculations

of Part IV, Section 1 apply and Eq. (¥=7) can be used.



PART V

I. B. M. 650 PROGRAM FCOR DETERMINATION OF END
SLOPES FOR BEAMS WITH STRAIGHT HAUNCHES

le General.

Lassley Gﬁ); in his M. S. Thesis at Oklahoma State Uni-
versity, deveioped a computer program for determination of
end slopes for beams with parabolic haunches. The author'has
revised this work by changing the mathematical expressions of
the haunch from parabolic to linear values.

A program 1s a precise sequence of coded instructions
whi&n an electronic computer interprets to solve a particu-
lar problem,

" The programming of any problem on an electrohic comput-
er ié accomplished in two steps. First, a schematic drawing
or flow chart is made showing each phase and sequence of oper-
ations. Next, from this flbw chart, a serles of instructions

for the computer is established.

The program in this,section'was compiled through the fa-
cilities of the cbmputer center at Oklahoma State University.
The coding form used is that cof I.-B. M.'s Symbolic Optimal
Assemhly Program, Type II. (20) For high-speed processing

immediate access storage is utilized.(21)

o
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2., JInput Data Format.

The description of the beam, for which constants are de-
sired, is introduced in the computer with seven words, (Fig.

5-1)

Word cgi;gns Data
1 1-10 | W
2 11-20 B
3 21-30 Aw
4 31-40 AB
5 41-50 W max
6! 5160 B max
7 61=70 Bemnﬁﬁpe
8 71-80 | Zeros
Fige 5-1

Input Data Card

The dimension coefficients of length and depth are W
and[?arespectively, The symbols O W andllﬁ?are the incre-
ments by which the dimension coefficients are to be increased.
Words five and six are the maximum values which the dimension
coefficients may attain. The beam type number is zero for un~

symmetrical beams and one for symmetrical beams. Floating



Decimal Arithmetic is used for words one through six.

A general data card for unsymmetrical beams will be (Fig.

5"'2) ]
W = 0,1 2.0 in increments of 0.1

f? = Q,1—» 0.5 in increments of 0.1

Word Data Entered

1 1000000050
2 1000000050
3 1000000050
4 1000000050
5 2000000051
6 1000000051
7 0000000000
8 (Not Used)
Fig, 5-2

General Input Data Card fér'UnsymmetriCal Beams

Y. Output Card Format.

The angular function coefficients will be in floating
‘decimal form on either three or four cards, depending upon

the type of beam,
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The beam ldentification number
05 003 00 001
will appear on the first putput card for the unsymmetrical
beam for whicﬁ | |

L

= 0.5

;ﬁg 2z 0.3

and the number ”

| 05 003 09 001

will appear on the card containing influence coefficients for
n o= 0,7, 0.8, 6.9,

The first output card will be arranged as follows (Fig.

5-3).

Word Information

Tdentification

faa

g

fap
UL)
tBA(

% (L)
AB :
NG

| tAB(DL)

@ | |oo [\ |0 W v |-

Fig a. 5“3
First Output Card
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The angular. live=load coefficients will appear as follows

( Figo 5")"')-

Word Information Position of Load

‘1 Identification

2 tigy (L2 n-2

3 tp 1) nes2

4 gy (1) n-1

5 tAB(LL) n~-1

6 [ tBA(LL)‘ n

7 t45(LL) n

8 (Nét Used)

Fig, 5#&.

Output Card for Live-load Coefficients

4, Flow Chart.

The flow chart (Fig. 5-5) was prepared as an aid to set-
ting up the sequence of instructions for computation of end
“glope coefficients for symmetrical and unsymmetrical straight

haunched beams.
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5. Statement of Program,

The followlng program, assembled in I.B.M, Scap I,
wilill compile coefficients for calculation of end slopes for
symmetrical and unsymmetrical straight haunched beams. The
calculations include ten-point influence coefficients for
beams of either type for which ﬁgis expressed as a multiple
of one-tenth. No provision is made for beams of constant mo=-
ment of inertia and the éntry of w or ﬁgequal to zero will
result in an attempt to divide by zero., The computer will
stop if o< or ¥ become minus, as would be the case 1if fgfor
a symmetrical beam would be entered as 0.6. No other stops
are lncorporated.

The statement of the program or sequence of instructions

are as follows (Fig. 5-6).



33

Fig, 5=6

Statement of Program

rlg] roca- {orer | para (T} - . T {81 10CA- | OPER | DaTA |T} INsT, T :
P % TION = |GODE ]ADDRESS g ADDRESS | A REMARKS F[N| TION | CODE | ADDRESS 6\ ADDRESS |4 REMARKS
\
1{ |BND SLO|PE3 |FOR ST|R|AIGHT STD | coo23
11 |HAUNCHED|BEAMS . 3xC. 0001 LOOP )
1 : CMBCL ' {RAU - {C0002 - COMPUTE .
1} |M'8 THE{9IS | ] FDV | TWO AND STCRE
1 I FDV | Cooo% S
1{ [HEMRY C|BOECK|ER FDV €000k
' STU | C0006 B COMPUTED
1] lavausr 1960 i : FMP | COOOK
1 i STU | C0007 € COMPUTED
SYN |READ 0000- BEGIN 0000 FAD C0006 COMPT AND
BIR 1600 1670 STU | 0029 STORE QO
REG [R9000 9009 READ AREA FSB 0007
REG.  }C9010 9049 CAIC AREA FMP 0002 |
REG {P9050 9059 FCH AREA STU 0008 [*}8
READ . (RD1 JROOOL START READ CARD RAU | ROOOL
START LDD ZERO INITIALIZE ‘ EMP ROOO1
9TD  [RO00Y N . FMP | ROOO1
STD |POO0Y NO DL OP STU .{Co023 STORE WwW
RAA |RO0CO7 BM TYPE RAU | THREE i
RAB 0000 NO LL OP FMP C0007
RAU - lonE 3BT T TO FSB C0006
31U  |C0002 ONE AND FMP - | ROOO1
F3B  |RO0D2 COMPUTE 8TU ] cCo0003
NZA  |CAL S40 ALPHA (R RAU | TWO
CAL FSB  |ROOD2 S40 GAMMA FMP 1 C0005
8A0 STU  {coo20 AND STCRE FSB €0003
BMI  [HAN YRS IF NEG FDV | C0023 AND
HAN 1DD ININES : STOP STU | C0009 Q2
HIT RAU | C€0025 COMPUTE
RS RAU  {C0020 COMPUTE FMP | RO002 AND STORE
FMP {00002 STU | CO0011 X0Q
8TU  {CO0Lk XOR RAU €0008
FMP ~ [COOLL F3B €0029
FMP {HAIF FMP | R0002
STU pcma X1R FMP- | RO0O2
FMP  [COOY : FAD  { COO11 AND
FMP  |FRAC AND STU | cool2 X1Q
81U {c0016 X2R RAU R0002 COMPUTE
) NzB B2 BCO FMP ~ | RO0O2 AND STCRE
BCO Nza- {IP9 C LN I8 1N FMP RO002 3 POWERS
TP RAU  {PO0O9 REQUIRED STU POOL0 BETA
NZU  {SCUL C LY : RAU | C0029 COMPUTE
CIN RAU  [RODOL FAD | C000% AND STCRE
FMP - [CO002 FSB €0008
FAD {ONE ONE PLUS - FSB ] C0008
STU  {cO00k OMEGA T FMP PO010
R4C 0008 SET TERMS - lFAD | Cool2
1DD 0 INITALIZE FAD ° {C0012
STD  {C0005 FOR . LOG FSB C0011
LDD  ONE SERIES 8TU | C0013 X2Q
STD  [0002 NZB ADXQ BVA BRN - LL OP
8D icoo2! BYA NZA | TPL TPO ERN BM TYP
RAU  [COOOk COMPUTE TPO  -{LDD ZERO LT HAUNCH
FAD NE RATIO FOR 31D C0031 X0
'STU  |C0025 SERIES 3TD | €0032 X1Q AND
FSB  [TWO , 4TD | C0033 ADXR X2Q
FDV  [c0025 TPL IDD C0011 LT HAUNCH -
3TU  [CO026 STD | €003l X0Q
PMP  [CO026 RAU {COO011
STU  {£0028 LOGP - F3B  jco0l2 .
100P RAU ~ {CO02% COMPUTE 87U {C0032 X1Q
FMP  {C0026 SUM OF RAU  1CO013 )
FAD  [CO005 TERM3 FAD [ CO0011
31U cocos STORE LOG FSB €0012
BM:  [cMBCL STA FSB c0012
STA RAU  [C0023 STEP FOR 3TU | C0033 X2Q
FAD  |TWO NEXT TERM RAU | COOL1
STy [co027 AND FDV FOWR
RAU  C002 REPEAT ) FAD €o013
FMP {0002 : FSB C0012 AND MOD
FMP  [00028 : STU | COO3W XRIS X2Q |
FDV  {c0027 XRIS |[RAU | RO002 COMPUTE
STU ook 1 )
DD 0027



staltemnent of

rrogram

i 1 T T " : T T
8} LoCA- | OPER | DATA INST, 7|8 LoCA~ |oOPER | DATA INST.
l% N TION | CODE | aDDRESS|A(ADDRESS|A]  REMARKS B|N| TION |cope |apDRESS|A|aDIRESs [4)  REMARIS
Al e
' FMP Co0lk AND STCRE RAU |CO013
FAD ' {CO015 FOR TYFE 1 , FSE [Co012
31v '} cools XIR e FMP |THREE
FAD €0015 : FAD ]coolo
FDV | ROOO2 FAD -{C0011
F3SB CO01k STU  |CO010 X3Q
FMP | ROOO2 RAU [Smx
FMP -~ | ROOO2 FMP ]C0009
FAD €0016 AND 8TU |co037
] STU {CO0L6 | .|ADXR %2R RAU [c0o007
{ ADXR RAU  |C0031 SUM IT XKQ - FDV |FIVE
FAD COO14 AND XXR FS8B. [C0006
STU" | CoOlk XOR FMP IFIVE
RAU | coo32 FAD |c0037
FAD |C0015 : FDV- |ROOOL
STU C0015 XIR FDV  [ROOOL Q &
RAU  {C0033 FSB |co038
FAD {C0016 AND FMP  {POOLO
STU Co016 COL X2R FiMP  {RO002
BT2 Z4 ° |XR1S ADXR FAD  ]CO030
COL NZB ICO ADXQ BRN LL OP 81U |C0028 X5Q
ADXQ  |RAU  |CO0011 FUM XKR RAU {C0020 BRN IS
FAD  |COOLk ANDXKQ NZU  {ANO AEQO ALPH EQ O
3TU  |Cooll X0Q ABEQO RAU |coo17 SXLR DO NOT
RAU | CO012 ANO RAU - |COOL7 DIVIDE
FAD CO015 FDV  lCcooLk BY ZERO
IV |CO012 X1Q FDV EC 1Y THESE
RAU | C0013 FSB- Jcoo16 CAICS
FAD C0016 AND FMP  JcoO1k )
3TU ¢0013 2Q FMP |DEC SX4R
NZB IFO SCV BRN LL OP SXHR FSB  {CO0LO COMPUTE
scv IDD  |C0013 C OMPUIE EMP |HAIF AND STCRE
STD PO002 AND STORE STU  |Poo05 UL TBA
8TD €0017 FBA RAU-  |P0O01D
RAU  |coo12 FDV  |ROCO2
FSB €0017 3§TU  |POO10
3TU PO003 FMP  JCOO1
STU  |C0018 G PSB  fcoo2
IRAU  [CO011l EMP  IROOOL
FSB €0018 DV [SIX
PSB, |C0018 FDV  [RO0D2
FSB’ 1C0017 FAD - 1POOCH
STU | POOOYH AND §TU '|P000% DL TBA
STU  [C0019 Q3 FAB RAU |C0018
Q3 RAU | C0009 FMP IF
FMP LHRER | FSB  [PO0OS
8TU  }C0039 COMPUIE, STU  {POCO? UL T4AB
RAU C0006 AND 3TCRE RAU {COOL
P | WO FAD - |cool
FSB €0039 FMP  |P0O010
FDY  |ROOOL FSB  [C0030
3TU  {c0038 Q3 FMP  {ROOOL
RAU PO010 LV |SsIX
FMP  |RO002 4+ POWERS FBV  |ROCO2
gTU POOLO OF BETA FAD |POOO7
FMP  1C0038 : STU |POOOB IDEN DL TAB
STU .{C0030 X w1 RAU |COO11l RESTCRE
NZ4 uvl uvo BRN BM TYP FSB  |COO0Lk
uvo RAU €001l RESTORE 37U 1co01l X0Q
FSB CO01k RAU [C0020 COMPULE
STU ~ |coo1l X0Q FMP {HALF GAMMA AND
RAU  |COOL2 STU {C0020 SET FOR
FSB €0015 RAU ‘|ONE DL OP
STU  [co0l2 £1Q 8TU - |PODO% XRS
RAU  1COO0L SCUL RAU  {CO0L% COMPUTE
FSB G001 . : FAD JCO011 AND STCRE
STU C0013 X2Q FDV FOUR
RAU 0008 G OMPUT: F3B |Cool6
FSB - }C0009 AND FSB  [COO3%
FMP THRELE STORE FMP - |HALF
FAD €0038 STU  {POOO! UL TBA
F3B €0029 RAU |CO0Y
FMP POO10 FAD |COOL1
STU .|{CO0L0 FMP  [POOLO
s (3
Fig. 5«6 (Con't)
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78] LOCA- | OPER DATA INST. T| 8] LoCA- OPER DATA INST. :
|7|N| 10w |cobe | ADDRESS| 4| ADDRESS|4 REMARES P ﬁ* TION |0k |aDbRESS{gf aDmRESS {§] ARG
FDV. - | mats FSB  [RO009- . MIN ‘BETA
F3B - | CO030 BMI |CTH NEB i
FMP. ~ {R0O0O1 NEB RAU [C0020:
POV | SIX Nz¥ {CTO CTH ) .
FDV. |ROOOZ - CTH RAU  [ROO02 . COMPUTE
FAD PO00Y . : ’ FSB | ONE AND STORE
STU PO006 - DL TBA FAD }RO009 UPFER LIM.
IDD | POOOS FDV [ROOO2 : FOR VAR
STD PO007 UL TAB STU |Co0002 BCO 11
1DD PO006 : Ic0. AXB | 0001 COMPUTE
STD | POOO8 DL TAB RAU {c0018 AND
LDD ZERO E SET FOR FSB |C0015
STD PO009 IDEN NO DO OP FMP  |R0O009 STCRE
IDEN {RAU | Rroo01 ST(RE FAD |CO016
FSB ONB FOR . 8TU | POO0OO B 1L TBA
¢ -|BMI SFT1 SFT2 IDENT IF RAU |C0018
SFT1  {RAL- |ROOOL FAD |C0019
SRT 0003 FSB |Co01%
SIT - | 0002 : FMP {RO009
STL {C0035 IDB OMEGA FAD |co015
SFT2 RAL RO0O01 . . FSB | POOOO.B
SRT 0002 AXB 0001 AND
S| 81 0002 R STU |P000Q Bf |TESTB LL TAB
STL - Jco03s IDB OMEGA TESTB | RAU | 8006 . IF LAST
IDB RAU | ROO0O2 . sup |sveN VALUE IN
FSB ONE N BMI {STEPN AD1 PO007?
BMI. |SFI3 SFTL4 AD1 | BaB 0001 IDEN INIT B FCH
SFT3 RAL R0O002 IFO AXB 0001 : COMPUTE
SRT 0008 RAU |co0018 FOR VAR T
SLT o000k | - FYB - 1C0012 AND STCRE
STL {C0036 IDN BETA. TP |R0OQ09 :
SFT% [RAL [ ROO002 1 FAD {C0013
SRT 0008 STU | PO0O0OO B LL TBA
SLT 0005 OR RAU {C0018
STL €0036 IDN . BETA FAD }cC0019
' | IDN RAL RO009 COMPOSE FSB 1C0011
SRT 0006 AND STORE. FMP {RO009
ALD 8005 : FaD |coo12
ALD | C0035 : F3B | POOOO B
ALO | CO036 AXB | 0001 AND s
STL. | POOOL 8TU ] PO0OO B[ |TESTB LL TAB
WR1 POOOL . ID NUMBER TAL RAU {R0002 : TEST IF
NZB STEPN SETB BRN LL OP FAD JROOOY BETA IS
SETB - |RAB 0001 INIT LL OP STU |RO002 MAX IF NO
Nza | NOS NOL BRN BM TP RAU |RO006 STEP IF
NOL DD - | ZERO FSB |RO0O2 S
31D | Po008 : TYFE 0 LL BMI || TOM START
stD | ROOO9 STEPN N TO ZERO ToM RAU {ROO01 TEST IF
No5 LDb ZERO TYPE 1 LL FAD {RO0O3 OMEGA IS
STD P0002 INITIAL STU {RO0OL MAX: AND
STD PO0O3 VALUES RAU |ROO05
STD PO0OB STORAGE FSB |RO001
AXB 0002 g BMI |READ 8Ia READ OR
IbD HALF AND SIA RAU |ROOOY STEP BETA
STD | R0009 N IS HALF STU ||RooO2 START
RAU | ONE COMPUTE 1 )
FSB | R0OO2 GAMMA 1 . G [ONSTA NI§-
FSB ROD02 1 - )
STU | C0020 FIVE - 50 # 0000 0051
NZU CT0 GAO .. . IF ZERO ZERO
GAO STU | C0002 XRS LIM IS ZER ONE 10 0000 0051
CTO RAU  { ROOO9 COMPULE HALF - 50 0000 0050
Nza | SR2 CTAL AND STCRE NINES 9 | 2999 9999
SR2 FSB | R0002 CTAL UPFER LIM FOUR %0y 0000 0051 ]
CTAL - |FDV G0020 FOR CONST THREE 30 0000 0051 ;
| sru C0002 XBS T TWO 20 0000 0051
STEPN |RAU- [ RO009 STEP N T 80 || 0000 0051
FAD DELTN AND TEST DEC 75 0000 0050
STU | ROO09 TWELY .32 | oooo 0052
F3B ONE IF IESS SD%?\‘N 10 | 0000 oosg
BMI .| THA TAL THAN ONE .
THA RAU ONE AND GRTR FRAC 66 6666 6750
¥3B R0002 THAN ONE SIX 60 0000 0051
) )
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TeBLES OF BoAl COHSTANTS

l., Backsround.

~

Tables of coefficients for the calculation of angular
fvnections, for parabolic haunch Leams, have been compiled

by Tuma, French, :

o]

nd Lassley. (18) Their work includes all
coefficients for symmetrical beams and the haunch end coef-
Ticients for unsymmetrical beams., Cden (5 ) has expended
this work to include coefficients for computation of angular
functions for the small end of unsymmetrical, paraholilc
hauhch beans,

The in this chapter are all for straight

3
#
.

g located, in the tables,
by the ratic of the haunch length to the total length and
the ratio of the minimum and maximum cross-section (Fig. 6-1).

In order to provide numerical results which cover the

c‘\_‘l

range of beams usually encountered 1in engineering practice,

combinations of the following ratios are used,

[N



Oy ‘ hog
- L » Lﬁg ]
1
L
Fig, 6-1

Unsymmetrical Beam With Straight Haunch

2. Types of Tables.

From the I. B. ¥, 650 program in chapter IV approximate-
ly 7000 numerical values were calculated and recorded in three
types of tables.,

A. Constant Denth Beams (Tebhle A-0), The coefficients

for a orismatic bean of constant cross-section are recorded
in Table A~0, Formulas for calculation of the angular func-

1. Angular Flexibilities

F.. = F. 2 F s A
AB BA IE 1o

2., Angular Carryv-over Values.,

Gn
AD

3. Angular Live~load Functiong.

(LLy
T i =ty

s o
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T = left end slope coefficient due to unit
load at Ln'
(v = right end slope coefficient due to unit
load at L .
1
Influence values of these coefficients for 100 positions
of unit load are shown in the table.

L.  Angular Dead Load Funchtiods.,

+ L) _. (o) _ bhogld
4B BA hE I

b = width of the bean
hy = constant depth of the beam
g = specific weight of the bean.

5. Angular Functions Due to Uniformly Distributed

Load.
(UL) (UL) 13
= T 2 LW E
'rAB BA LR I

w = i1ntensity of the load.

B, Unsymmetrical Beams (Tgbles A-l, 2, ° ¢ = O  10),

The coefficients for a prismatic beam with onhe straight
haunch are recorded in Tables A-l, 25 ° ° » 9, 10. The geo-

metry of the Leam 1s defined by the sketch and parameters:

L = length of the haunch
hy = hy = minimum depth
hy = hg, 2 maximum depth.

Angular functions are respectively:

1. Angular Flexibhilities.

g = f oA p o= P b
Tap % T1ETS o T T2 EL

fl = left end angular flexibility coefficient



Influence va

angular flexibility coefficient.

Angular Cerrv-over Values.,

rridasnnt

L
g "E[I
0

=2
o

g angular carry-over coefficlent.

Angular Live-load Functions.

' 2 _ T2
7 (IL) . L 7. (IL) = 4 L
AB t_l EI, BA 2 BT,
t = left end slope coefficient due to unilt
1
load at Lno
t2 = right end slope coefficient due to unit

load at L .
n

lues of this coefficilent for nine positions of

uhit load are shown in each table,

L

1

Angular Dead Load Functions,

2
T, (oD Bhog TP |7, (OL) oy Bhogl®
AB B 1 A F TR T
o) o)
t3 2 Jleft end slope coefficient due to dead
load of the beam.
t, = right end slope coefficient due to dead

load of the Leam.

Angular Functions Due fo Uniformly Distributed

.
7 (UL) . 4 oy L3 7 (UL) w I
48 5 EI, BA Y6 £T
o) o
t; = left end slope coefficient due to uniform-
ly distributed load.
tg = right end slope coefficient due to uni-

formly distributed load.
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Co Symmetrical Teams (Tgbles B-l, 2, 3. 4%, B), The co-

efficients for a prismatic beam with two symmetrical parahbo-

lic haunches are recorded in tables B-l, 2, 3, 4, 5. The

g

geonetry of the beam is defined by the sketch and parameters:

L[g = length of the haunch

=} 8 =  maximum depth

hy = hy s
hg = hg

Angulsr functlons are regpectively

minimum depth.

l. Angulsr Flexibilities,

= P a o= Fob
FAB Fra f HE

3

f = angular flexibility coefficient.

NS

. Angular Corrv-eover Values.

1t wa 1 wo Y o L
QA.'B = Gpy *# G= E:E““""“"fg

g = angular carry-over coefficlent,

[}

P rnd

(LL) . o, 12 7 (IL) o 4. L°
Tum "t g BA R o

T = left end slope coefficient due to unit

load at® Lno

T, # right end slope coefficient due to unilt

load at Lra
From the symmetry of the beam
t. = due To unit lcad at Ln =

t, = due to unit load at L(l-n).

[

t._.k

Thus, from one set of coeflficients, influence values for

tl and t2 are availlable as shown 1ln each Table B. Influence
of nine positions of uprit load is recorded.



L1

%, Angular Dead-load Functions.

+ L) « g (L) . y Phoel’
AB Ba 3 B I

t = end slope coefficient due to dead load.

3

5. Angular Functions Due to Uniformly Distributed

Load.

(UL) . (UL) = .‘./.\T.._L:j)_
T TBa Ty o

t5 = end slope coefficient due to uniformly

distributed load.

3 Members ith Haunches of Varying Depths.

Very often in the design df frames with varying cross=

section, the depth of the haunches of one partlcular member

will vary (Fig. 6~2)/’§8ch ' B

DC

Fig. 6-2

Frame With Varying Haunch Depths



42

The length of the segments of the frame (Fig. 5-2) will
be considered to be the distancevbétween the intersection of
their axes. The depth of the haunches are taken as the per-
pendicular distance, at the end of the segment, from the top
of the member to the continuation of the haunch line. (Fig.
6=-2) .

With the convenience of the tahles presented in this
chapter the analysis of a frame with members having varying
haunch depths is very simple (Fig. 6-3). Leontovich (22)
and Guldan (23) have presented methods for superposition of
elastic conétants and by simple arithmetic obtain the requir-

ed constants, The procedure is:

FﬁlusGllwﬂ?lu? (:) | | l ‘!’ Pa T
_i_ + . 1'1° 1017 101

5 +
Fa1p%212T500 @l | | F

2129921237219

FigrlypriTyy O ]_ F3312833007 34,

PR —

F

ap° %ip* TaB. —1® 3

Fig., 6-3

Superposition of Angular Functions
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TABLE A-0
] . . B=0.0
®
n T T . Fap = Fpa = "TEL_I_O
3 Gap ® Upa 5 };JIO
1 , (LL) N ¥
| L AB 1 EIO
2
' . (DL) _ _ (DL) bh, qL
AB BA 24ET,
, (UL) _ _ (UL) wL®
AB BA Wg
Coefficients for Angular Functions Per Unit Width of Slab
" Influence Coefﬁcients tl
n 0 1 2 3 4 5 6 7 8 9
0.0 .0000 . 0033 . 0065 . 0096 . 0125 . 0154 . 0182 .0209 . 0236 . 0261
0.1 . 0285 . 0309 . 0331 . 0353 . 0373 . 0393 .0412 . 0430 . 0448 . 0464
0.2 . 0480 L0495 , 0509 .b522 . 0535 . 0547“ . . 0558 .0568 | ., 0578 . 0587
0.3 . 0595 . 0603 | ,0608 . 0615 .0621 . 0626 0630 .0633 | .0636 . 0638
0.4 . 0640 0641 | , 0642 .0641« | L0641 . 0638 0638 . 0635 | .0632 . 0628
0.5 . 0625 . 0621 | .0616 L0610 . 0604 . 0598 . 0591 . 0584 | .05877 . 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 ."Q181’
0.9 . 0165 . 0149 .0133 . 0116 .0100 . 0083 . 0067 . 0050 | .0033 ."0017
Influence Coefficients tzv
n 0 - 1 2 3 4 5 6 7 8 9
0.0 *, 0000 . 0017 .0033 | .0050 . 0067 . 0083 .0100 . 0116 .0133. . 0149
0.1 . 0165 .0181 . 0197 . 0213 .0229 - . 0244 ..0260 . 0275 . 0290 . 0305
0.2 . 0320 . 0335 . 0349 . 0363 L0377 . 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 .A0632 . 0635 . 0638 .0639 . 0641 - . 0641 . 0642 . 0641
0.8 . 0640 . 0638 . 0636 . 0633 . 0630 . 0626 0621 . 0615 . 0609 . 0603
0.7 .. 0585 . 0587 . 0578 . 0568 . 0558 . 0547 . 0535 'I.'0522 ©.0509 . 0495
0.8 . 0480 . 0464 | .0448 . 0430 . 0412 ‘ . 0393 .’0373 . 0353 { .0331 . 0309
0.9 . 0285 . 0261 . 0236 . 0209 . 0182 . 0154 . 0125 . 0096 . 0065 . 0033




TABLE A4
B=0.1
L Ln
b P=1
® :
L
F = fl h
AB
T | -
] L
GAB g EIl,
: Lo ‘ LB
2
LLL) o L% L
AB 1 EI,
v3 . bhos
. (DL) _ bhoqL Io = R
AB 3 EI, .
3
L 0L o wL
AB 5 EI
Y
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients t, .
fl g tg t5‘ AR
n .1 2 .3 .4 .5 .6 T .8 .9
1.1 [.0285 | ,0480|,0595 |, 0640 | ,0626 '.0560 . 0455 ,0320|,0185 |, 3333 | .1662|,0417 .0"4'16
1.2 |.0285 | .0480( .0595 |.0640 | .0625|,0660 | .0455{ .0320|,0165 ].3333 | .1659|.0418 | .0416
1.3 |.0285 | .0480| ,0595 {,0640 | ,0626|,0560 | ,0455 ,0320],0164 |, 3333 1656 | .,0419 | ,0416
1.4 }.0285 | .0480|,0505 {.0640 | .0625|,0660 | ,0454| ,0320],0164 |.3333 1653 .,0419 | ,0416
1.5 .0285 | .0480] .0595 .0640 | .0625| ,0560 | .0454| .0320(.0164 ].3332 | .1651|.0420 | ,04186
1.6 |.0285 | .0480|,0595 |.0640 | ,0624|.0558 | ,0454| .0319].0164 |. 3332 1649 .0421 | .04186
1.7 |.0285 | .0480|.0595 {,0640 | ,0624|.0559 | ,0454| .0319).0164 §.3332 | ,1647).0421 0416
1.8 {.0285 | .0480; .0595 |.0640 | ,0624|,0559 | .0454f .0319},0164 |.3332 | ,1646|.0422 0416
1.9 |.0285 | .0480f ,0595 |, 0639 | .0624|,0559 | .0454] .0319}.0164 |.3332 | .1644|,0423 0416
2.0 |.0285 | .0480| .0595 {.0639 | ,0624| .0559 | ,0454| ,0319|.0164 }.3332 | ,1643].0423 0416
2.1 |.0285 | .0480] .0595 |[.0639 | .0624|.0559 | .0454| .0319].0164 |.3332 | ,1642.0424 0416
2.2 |.0285 | ,0480] .0595 |, 0639 | .0624|,.0559 | ,0454| .0319|.0164 ]. 3332 | .1641|.0425 0416
2.3 |.0285 | .0480| .0595 |.0639 | .0624 | .0559 | .0454| ,0319|.0164 |.3332 | ,1640|.0425 0416
2.4 |.0285 | .0480| .0594 {,0639 | ,0624|.0559 | .0454| .0319|,0163 |.3332 | .1639|.0426 0416
2.5 |.0285 | ,0480| .0594 |, 0639 | ,0624| 0559 | .0454| .0319,0163 |. 3332 | ,1638.0427 0416
2.6 |.0285 | .0480| .0594 [.0639 | .0624| .0559 [ ,0454] ,0319}.0163 ].3332 | .1638|.0427 | .0416
2.7 .0285 | ,0480) .0594 |.0639 | .0624| ,0559 | ,0454) ,0319|.0163 |.3332 | .1637|,0428 | .0416
2.8 |.0285 | ..0480} .0594 |.0639 { .0624| .0559 | .0454| ,0318|.0163 |.3331 | ,1636|.0429 | . 0416
2.9 |.0285 | ,0480/| 0504 |,0639 | .0624( ,0559 | .0454| .0318|.0163 §.3331 | .1636.0429 | .0416
3.0 |.0285 | .0480| ,0694 {.0639 | .0624 ,0559 | .0454] .0318|.0163 §.3331 | .1635|.0430 .04’i6
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TABLE A-l
B=0.I
e Ln ]
P=1
|
ho | hy Fea = f EI;O
Cpa T~ 8 Elfo
Lo LB
i : 2
L et =ty EII“
5 o
BA 4 EI,
. (L) , , _wL®
BA 6 EI,
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients t2 )
1 2 | .3 4 s | .6 | .7 8 | .9 2 & * k
. 0165 . 0319 |.0454 |, 0558 | 0623 |, 0637 |, 0592 [ 0477 . 0281 |. 3210 .1662 | ., 0415 . 0415
,0164 .0318 | .0453 |. 0557 {.0621 | 0635 |.0589 . 0473 .0278 }.3113 .1659|.0414 .‘0413 ;
.0164 . 0318 {.0452 |. 0556 |.0620 | .0633 |.0587 } 0471 .0275 |.3036 1656 | . 0413 . 0411
.0164 . 0317 >. 0451 |, 0555 |.0618 .0632 . 0586 } 0470 L0273 1.2973 . 1653 (. 0412 . 0410
.0163 . 0317 |.0450 |, 0554 |, 0617 .0631 |.0584 |, 0467 .0271 .2921. . 1651 .0412 . 0409
. 0163 .0316 [ . 0450 |.0553 [. 0616 . 0629 [.0583 |. 0466 . 0269 1.2878 . 1649 . 0411 . 0408
. 0163 .0316 | . 0449 {.0552 [.0615 .0628 [.0581 |. 0464 . 0267 |.2841 . 1647 | . 0411 . 0407
.0163 . 0316 | . 0449 |.0552 |[. 0615 .0627 |.0580 |. 0463 . 0266 |.2809 . 1646 .0410 . 0407
.0163 .0316 | . 0448 (.0551 [. 0614 .0627 [, 0580 (.0462 . 0265 |.2781 . 1644 | , 0410 . 0406
.0163 .03151.0448 |.0551 [ 0613 .0626 [.0578 |. 0461 . 0264 |.2757 .1643| .0410 . 0406
.0163 .0315],.0448 |. 0550 |[.0613 .0625 [.0578 |. 0460 . 0263 |.2736 . 1642} .0410 . 0405
.0162 .0315(.0447 {,0550 (. 0612 .0625 |.0577 |. 0459 .0262 }.2717 . 16411 .0410 . 0405
.0162 .0315.0447 {.0549 |.0612 .0624 [, 0576 |. 0459 . 0261 ].2700 . 1640} . 0410 . 0404
.0162 .0315).0447 |.0549 }. 0611 .0624 |, 0575 |, 0458 . 0260 |.2685 .1639| .0410 . 0404
. 0162 ,0314 |, 0447 |.0549 |[. 0611 .0623 |.0575 |. 0457 . 0260 }.2672 . 1638 . 0410 . 0403
.0162 .0314 | . 0446 |.0b648 [, 0611 .0623 |.0575 ;0457 . 0259 }.2659 . 1638 . 0410 . 0403
. 0162 .0314|.0446 |.0548 (. 0610 .0622 |, 0574 |.0456 . .0258 . 2648 .1637} .0410 . 0403
.. 0162 .0314 . 0446 [.0548 B 06_10 0622 . 0574 | 0456 __9258 .2638 | .1636}.0410 ] .o0402
. 0162 .0314 | . 0446 .9548 .0610” ‘ .0621 ‘.0573_ 0455 _ »_.__0257 . 2629 .1636 | . 0410 . 0402
%.0162 .0314> . 0446 [, 0547 | 0609 .0621 |, 0573 |, 0455 . 0257 }.2620 .1635| . 0411 . 0402
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TABLE A-2
3=0.2
. L Ln
- P=1
® ,
L
) = f h
AB 1
El, l fe) l b s
o
_ L
Gap = € El,
Lg l LB

Ll _LE L
AB 1 EI,

3 bho3
. (DL) -t bhoqL Io = <5
AB 3 EI,

3
, (L) _ wL
AB 5 EI,

Coefficients For Angular Functions Per Unit Width Of Slab

Influence Coefficients tl

f g ts ty

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

T

.0285 § .0480( ,0594 |, 0639 [.0624 .0559 [ ,0454 .0319),0164 }.3331 .1650 . 0419 . 0416

: I
2 . 0285 .0480| . 0594 }.0639 |, 0623 . 0558 . 0453 ,0317).0163].3330 . 16837 .0421 . 0415

.3_ _.7‘0285 .0479| . 0594 |.0638 |.0623 . 0557 . 0452 .0316} .0162 |.3328 . 1625 .0423 . 0415

.4 1.0284 .0479| , 0593 |, 0638 }. 0622 . 05586 .0451 ,0315] .0161 |.3327 L1615 . 0425 . 0414

.5 [.0284 .0479| . 0593 |.0637 |.0621 . 0556 . 0450 .0314; .0160 }.3326 . 1607 | . 0427 . 0414

. 0284 .0478| . 0592 [, 0637 |.0621 | .0556 .0450, .0313}.0160 },33256 .1600 | . 0429 . 0413

.7 | .0284 .0478| ., 0592 [,0636 |.0620 . 0555 . 0449 ,0313| .0159 |}.3324 . 1593 .0431 . 0413

_.70284_'}0478 .0592 |,0636 |.0620 . 0554 . 0448 .0312 .0158 |.3324 . 1587 ., 0433 .0412

.9 7.70284“__.0478'_.05927.0636 . 0620 . 0554 . 0448 .03121 .0158 {.3323 .1582 .0435 . 0412

.0 |.0284 . 0478} ,0592 |.0636 |.0619 . 0553 . 0447 0311|0157 |.3322 . 1578 . 0437 . 0412

.1 1.0284 . 04781 ,0591 |.0635 {.0619 . 0553 . 0447 ,0311].0157 }, 3322 . 1574} . 0439 . 0412

.2 1.0284 .0478 . 0591 |.0635 [.0619 . 0553 .0446] . 0310 .0157 J.3321 . 15707 . 0441 . 0411

.3 j.0284 .0477| . 0591 |{.0635 |,0619 . 0552 .0446) .0310| .0156 }.3320 . 15671 .0443 . 0411

.4 1.0284 .0477] ,0591 {.0635 |.0618 . 0552 . 0446/ .0309].0156 |].3320 .1563} .0445 . 0411

.5 |.0284 .04774 ,0591 }.0634 [,0618 . 0552 .0445; .0309 .0156 }.3319 L1561 . 0447 . 0411

.6 |.0284 . 04771 ,0591 {.0634 {.0618 . 0551 . 0445 ,0309|.0156 |.3319 . 1558 | . 0449 . 0410

.7 1.0284 .0477] , 0591 |.0634 |.0618 | .0551 . 0445 .0308|.0155 }.3319 . 1555} , 0451 . 0410

.8 }.0283 .0477] ,0590 {.0634 |.0617 . 0551 . 0444} ,0308| .0155 |.3318 . 1553 . 0453 . 0410

.9 1.0283 . 0477 ,0590 |.0634 |, 0617 . 0551 . 04441 ,0308|.0155 }.3318 . 1551} ,0455 . 0410

.0 |.0283 .0477| ., 0590 |.0634 {.0617 . 0551 .0444f ,0307|.0156 |.3318 . 1549 ,0457 .0410
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TABLE A-2
B=0.2
]L Ln
@ e
hot | h 6 Fea = T "E"Iff
Gga = 8 EI;O
Ly L3
[ 2
] o
Io z b—}'ll%— T (DL) - 1, ————bhoqLS
BA 4 EI,
, oL _, wi®
BA 6 EI,
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients tz
n .1 .2 .3 .4 .5 ] .8 LT .8 .9 fz g E %
1.1 }.0163 | .0317(.0450 {. 0553 .0617|,0630 |.0584 |. 0467 |.0272 .3103} .1650 {.0411 . 0409
1.2 |.0162 | . 0314 .0446 |.0548 | .0610|.0622 |.0574 |.0456 |.0262 .2924 .1637 |.0407 | .0403
1.3 |.0181 | .0312 /. 0443 |, 0543 | .0604.0615 |. 0566 |.0447 |.0253 .27811 .1625 |, 0403 | .0398
1.4 {.0160 | .0310 .. 0440 |. 0540 | .0600|.0610 |. 0559 |..0439 ;.0246 .2666| .1615 . 0400 | ,0394
1.5 |.0159 | .0308 |.0437 |.0536 0595 |.0604 |.0553 | .0432 |.0240 | .2571|.1607 |.0398 . 0390
1.6 t.0158 . 0307 |.0435 {,0533  .0592 . 0600 ).0548 . 0427 |, 0235 .2490 . 1600 |.0396 . 0387
1.7 [.0158 | ,0305 |.0433 |.0531 | .0588|.0596 |.0544 | .0421 |.0230 | .2423(.1593 |.0395 | .0384
1.8 }.0157 | .0304|.0431 |.0528 ; .0585}.0593 [.0540 | .0417 |. 0226 .2365( .1587 {.0393 | .0381
1.9 |.0157 | .0303).0430 {.0526 | .0583|.0589 [,0536 | .0412 | 0222 .2316| .1582 |.0392 . 0378
2.0 }.0156 | .0302 |.0428 |.0524 ‘ .0581}.0587 |.0533 | .0409 {.0220 | .2272( .1578 |.0392 . 0377
2.1 {.0156 | .0301|.0427 }, 0523 .0579{.0584 |.0530 | .0406 {.0216 .2234 .1574 |.0391 ‘.0375
2.2 |.0155 | .0301|.0426 {,0521 | .0577].0582 |, 0527 |.0403 |. 0214 { .2200].1570 |,0391 . 0374
2:3 {. 0155 }.0300.0425 |.0520 | .0575|.0580 |, 0525 | .0400 |.0212 . 2170 .156’? .0390 | .0372
2.4 |.0155 | .0300.0424 (. 0519 | .0573|.0578 |.0523 | .0397 1.0209 | .2144|.1563 |.0390 | .0371
2.5 |.0154 | .0299|.0423 {.0518 | .0572|.0576 [.0521 | .0395 |, 0208 L2119 ,1561 . 0390 | .0370
2.6 |.0154 | .0298 . 0422 |. 0516 | .0571}.0575 |.0519 | .0393 |.0206 .2098 | .1558 [.0390 | .0368
2.7 |.0154 .0298 {.0422 |, 0515 .0569 .0573 .0517 §.0391 },0204 | .2078.1555 |.0390 | .03867
2.8 }|.0154 | .0297 {.0421 |. 0515 j ,0568|.0572 {0516 | .0389 |.0203 .2060| . 1553 [.0391 . 0366
2.9 |.0153 | .0297 {.0420 {.0514 | ,0567|.0571 (,0514 [.0387 |.0201 .2044|.1551 |.0391 . 0365
3.0 |.0153 | .0296 |.0420 ;‘.0513 . 0566 |.0569 (.0513 |.0386 {.0200 | .2029|.1549 [.0391 . 0365
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TABLE A-3
B=0.3
L Ln
T P=1
® ,
L
= f
FAB 1 El, lho I
h &
(e}
_ L
Gpap = & El,
Lo l LB
L (LL) _ 1.2 L
AB 1 EI,
3 bho3
. (DL) _— bthL IO = 5
AB 3 BI
o
3
LUL) ., wLl
AB 5 EI
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients t;
i g t3 ts

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

1.1 .0284 | .0479] . 0593 |, 0637 .0622] .0556 |.0451 .0315] ,0162 |. 3327 .16321.0420 . 0414

1.2 {,0284 | ,0478| .0592 |,0635 .0620| .0553 |.0447 .0311§ ,0160 }. 3322 .1603; . 0424 . 0412

1.3 [.0283 | .0477| .0590|.0633 | .0617 . 0550 |, 0443 | .0308} .0157 {.3317 | ,1579{ , 0427 . 0410

1.4 1.0283 | .0476] ,0589 |,0632 .0615) .0548 |.0441 .0305} ,0155 |.3313 | .1559| .0430 . 0408

1.5 |.0283 | .0475| .0588 |.0630 | .0613| .0545 |.0438 .0302| .0153 |.3309 | .1541| .0433 . 0407

1.6 |.0282 | .0475( .0587 |.0629 | .0611] .0544 |.0436 | .0300| .0152 |.3306 | .1525|.0437 | 0406

1.7 }.0282 . 0474} ,0586 |.,0628 .0610) .0542 |,0434 } .0298] .0151 }.3303 .1512} , 0440 . 0404

1.8 |.0282 | .0473| .0585 |.0627 . 0608} ,0540 |. 0432 . 0296 ,0150 }§.3300 | ,1500| .0443 . 0403

1.9 ].0281 .0473| .0584 }.0626 .0607| .0539 |.0430 .0294 .0149 ].3298 . 1489 . 0447 . 0402

2.0 |[.0281 .0472¢ ,0584 (. 0625 | .0606) ,0537 |, 0429 | .0293 . 0148 ].3295 | 1480/ .0450 . 0401

2.1 |.0281 .0472] , 0583 |, 0624 .0605)| ,0536 |.0427 .0291| ,0147 |.3293 .14711 ,0453 . 0401

2.2 |.0281 . 04721 .0582",0623 .0604} ,0535 |,0426 .02807 .0146 ]. 3291 . 14631 . 0456 . 0400

2.3 |.0281 .0471] . 0582 |.0623 .0603| .0534 |.0425 .02891 .0145 }.3290 .1456 | ., 0460 ; .0399

2.4 |.0280 | .0471) ,0581 |.0622-| ,L0602| ,0533 |.0423 . 0288 .0145 |.3288 .1450| . 0463 | .0398}

2.5 |.0280 | .0471} ,0581 |.0621 . 0602 .0532 |.0422 .0287(,0144 |.3287 . 1443} , 0466 . 0398

2.6 }.0280 . 04701, 0581 |. 0621 .0601| . 0531 |.0421 . 0286 | ,0144 |. 3285 .1438 | .0470 . 0397

2.7 |.0280 .0470] ,0580 |,0620 | .0600| ,0530 |,0420 | ,0285| .0143 |. 3284 .1433 ) .0473 . 0397

2.8 |.0280 .0470} ., 0580 {.0620 .0600} .0530 {.0420 .02847 .0142 }.3283 .1428 ) .0476 . 0396

2.9 1.0280 | .0470} .,0580 j.0620 { .0600| .0529 |.0419 .0283] .0142 |. 3282 . 14241} . 0480 .0396

3.0 |.0280 | .0470| .0580 |.0619 | .0599] ,0528 |, 0418 .0283] .0142 |.3280 | .1420 .0483 . 03896
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TABLE A-3
B=0.3
} Ln
@ e
hal | h o Fo, Elfo"
Gpy 8 EI;O
Lo LB
l 2
L BaT =t Elf
] o
Io - brllg T (DL) t bhoqL3
BA 4 EI,
, L) . _wi®
BA 6 EI,
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients ty
1 2 3 4 5 6 | .7 8 | .9 E ¢ E k
. 0162 | ,0313].0445 |, 0546 |. 0608 |.0620 | .0571| .0453|.0264 | .3012) .1632|.0406 | .0402
.0159 | .0307]|.0436 {.0535 |.0593 | .0602 | .0551} .0432|.0247 ] .2763| .1603{.0397 | .0390
.0156 | .0303].0429 |.0525 |.0581 | .0588 | .0534| .0413|.,0233 | .2566{ .1579|.0389 | .0380
.0154 | . 0298 .0423 {.0517 |.0570 | .0575 | .0519, .0398].0221 | .2407| .1559{.0384 | .0371
. 0152 .0295| . 0417 |.0510 |. 0562 . 0565 .0507} .0385].0212 .2276| .1541} ,0379 . 0364
. 0151 .0292 | ,0413 |. 0503 |.0554 . 0555 . 0496 ,0373].0203 L2167 .1525} .0375 . 0357
. 0150 . 0289 , . 0409 }.0498 |.0548 . 0847 . 0487} .0363!.0196 .2075] , 1512} ,0371 . 0352
.0148 | .0287] .0405 {.0493 |.0542 | .0540 | .0478] .0354|.0190 { .1996| .1500{ .0369 | .0347
.0147 | 0284} .0402 |.0489 |.0536 | .0533 | .0471] .0347|.0185] .1929| .1489|.0366 | .0342
. 0146 | .0283| .0399 {.0485 |.0531 | .0528 | .0464| .0340|.0180 | .1870| .1480| .0364 | .0338
.0145 | .0281|.0396 |.0482 |.0527 | .0523 | .0458/ ,0333|.0176 J .1819 ,1471| .0363 | .0335
.0145 | .0279} .0394 |.0479 |. 0523 | .0518 | .0452] .0328 .0172 L1774 , 1463 . 0362 . 0332
.0144 | . 0278 .0392 |, 0476 |.0520 | .0514 | .0447| ,0323|.0169 ] .1734] .1456]| .0361 . 0329
[.0143 | . 0277 .0390 .0473 |[.0516 | .0510 | .0443; .0318| .0166 | .1700} ,1450{ .0360 | .0326
. 0143 .0275| . 0388 |.0471 |.0513 . 0506 | ..0439] .0314}| .0163 . 1667 , 14437 .0360 . 0324
.0142 | 0274 | .0386 |.0468 |. 0511 | .0503 | .0435 ,L0310).0160 } .1638| .1438| .0359 | .0322
.0142 | .0273).,0385 |.0466 |.0508 | .0500 | .0431 ,0306| .0158 ] .1612/ ,1433| .0359 | .0319
.0141 . 02721 .0383 {.0465 {.0506 . 0497 .0428; .0303} .0156 . 1588 . 1428} .0359 .0318
.0141 | .0271}.0382 |.0463 | 0504 | .0494 | .0425 ,0300|.0154 | .1567 ,1424|.0359 | .0316
.0140 ¢ ,0271}.0381 {.0461 |. 0501 | .0492 -0422) . 0297} .0152 | .1547 ,1420] .0359 | .0314
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TABLE A-4
B=0.4
. L
Fap -~ f El,
_ L
Ca = & Ey
LML) L2
AB 1 "EI,
bh_q13
. (DL) _ o
AB . 3 TEIL
3
LUL) ., WL
AB 5 EI,

L Ln
T P=1
® ,
[, |
Lo ' LB
L
bh’
o ~ 12

Coefficients For Angular Functions Per Unit Width Of Slab

Influence Coefficients tl

s~ 1 | .2 .3 4 .5 6 7 8 9 8 5
1.1 |.0284 | .0477| .0591 |.0634 {0618 | .0551 |.0445 | .0311|.0160 |.3319 | .1609|.0421 | .0411
1.2 |.0282 | .0474| 0587 |.0629 |.0611 | .0543 |.0437 | .0303|.0155 |.3306 | .1561.0425 | 0406
1.3 |.0281 | .0472| 0583 |.0624 |.0606 |.0537 |.0429 | .0297|,0151 |.3295 | .1521].0429 | .0402

1.4 |.0280 | ,0470| .0580 |.0621 |.0601 |.0531 |.0423 | .0291|.0143 |.3285 | .1487|.0433 | .0400

1.5 |.0279 | .0469| .0578 |.0617 |.0596 | .0526 |.0417 | .0286|.0145 ). 3276 | .1457|.0437 | .0395
1.6 |.0278 | .0467 .0575 |,0614 | 0592 |.0521 |,0412 | .0282|.0143 |.3268 | .1432|.0441 | .0392
1.7 |.0278 | .0466| .0573 |.0611 |.0589 |.0517 |.0407 | .0278|.0141 |.3261 | .1408|.0444 | .0387
1.8 |.0277 | .0464.0571 |.0609 |.0586 |.0512 |, 0403 | .0275|.0139 |. 3255 | .1390|.0448 | .0387
1.9 |.0277 | .0463| .0570 |.0606 |.0583 |.0509 |.0399 | .0272|.0137 |.3249 | .1372|.0452 | .0385
2.0 |.0276 | .0462| .0568 |,0604 |.0580 | .0506 |, 0396 | .0269|.0135 |.3244 | .1356|.0456 | .0383

| 2.1 |.0276 | .0461| .0567 |.0602 |.0578 | .0503 |.0393 | .0266|.0134 |.3239 | .1342|.0460 | .0382
2.2 |.0275 | ,0460| .0565 |, 0600 |.0575 |.0501 |,0390 | .0264|.0133 |.3234 | .1329|,0464 | .0380
2.3 |.0275 | .0459| .0564 |.0699 |.0573 |, 0498 |.0387 | .0262|.0132 |, 3230 | .1318|.0468 | .0379
2.4 |.0274 | .0459|.0563 |.0697 [.0571 |.0496 |.0384 | .0260 |.0131 |.3226 | .1307|.0472 | 0377
2.5 |.0274 | .0458|.0562 |.0596 |.0570 |.0494 |.0382 | .0258|.0130 |.3223 | .1297|.0476 | .0376
2.6 |.0274 | .0457|.0561 |, 0594 | 0568 |.0492 |, 0380 | .0256|.0129 |.3219 | .1288|.0480 | .0375
2.7 |.0273 | 0457|0560 |,0593 |.0566 |.0490 |.0378 | .0255|,0128 |.3216 | .1280|.0484 | .0374
2.8 |.0278 | .0456| .0559 |.0592 | 0565 | .0488 |.0376 | .0253|.0127 |.3213 | .1272|.0488 | .0373
2.9 |.0273 | ,0455| 0558 |, 0591 | 0564 | .0486 |.0375 | .0252|.0126 |.3210 | .1265|,0492 | .0372

0 |-0272 | .0455( 0557 |.0590 |.0562 |.0485 {.0373 | .0251|.0126 |.3208 | .1258|.0497 | .0371
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TABLE A-4
}; Ln
P=1 ’
@ ‘ ®)
h L
(¢} - F = f
I [ h 5 BA 2 EI,
_ L
Sga T & EIL
Lo LB
] ) L2
‘ (LL) _
L TBA t2 E1
0
3
. bh 3
I = -9 , oLy _ , Boal
12 BA 4 "EI,
3
. (UL) _ w L
BA 6 EI,
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients t2
- fz g t4 tB ’
.1 .2 .3 .4 .5 .6 .7 .8 .9
. 0159 . 0308 ?.0438 . 0537 .0597 ., 0605 | .0555| .0440 |.0256 .2935} .1609| .0399 . 0393
.0154 |,0299} .0423 .0518; .0572 | .0577 .0523} .0408|.0234 { .2628} .1561{.0385 | .0374
. 0150 .0291 . 0411 .0502] .05521},0552 . 0495| , 0382 .0215 .2386] .1521].0374 | .0358
. 0147 .0284] . 0401 .0488{ .0535( .0532 .0472| .0360|.0200 | .2191] .1487|.0364 | .0345
.0144 | 0278} .0392 .0476f .0520| .0514 | .0452] .0340}.0188 .2032] .1457].0356 . 0333
.0142 .0273).0385 .0466f .0508| .0499 .0435| .0324].0177 .1899; ,1432|.0349 ] .0324
.0139 | ,0269|.0378 .0487] . 0496 .0486 . 0420/ .0310}.0168 .1788| .1409|.0344 | .0315
.0137 | ,0265|.0372 .0448| .0487) .0474 | ,0407 .0298|.0160 | .1694} .1390|.0339 | .0307
.0136 | .0261|.0367 . 0442 ,04781 .0463 .0395| ,0287}.0153 .1613} .1372].0335 | .0301
.0134 | .0258 ] .0362 .0436] .0470] . 0454 . 0384 .02781.0147 . 1543 ,1356(:, 0332 . 0295
.0133 . 0255 .0358 .0430| .0463 | .0445 .0375] .0270}.0142 . 1482 .1342| .0329 . 0289
. 0131 .0253|.0354 | ,0425] ,0456 ] .0438 . 0366/ ,0262],0138 .1429; .1329.0326 . 0285
.0130 .0250 . 0350 .0420] .0451) 0431 .0359} ,0255|.0134 | .1382| .1317}.0324 | ,0280
.0129 | .0248 | .0347 .0416] ,0445| .0424 | .0352| ,0249,0130 .1340| .1307].0322 .02786
.0128 .0246 | .0344 | .0412] .0440|.0418 .0345; ,0244.0127 . 1302 ., 1297| . 0321 . 0273
.0127 | .0244 | . 0342 .0409] .0436] .0413 .0339 .0239.0124 | .1269] .1288|.0320 . 0269
.0126 . 0243 .0339 | .0405| .0432|.0408 .0334| ,0234.0121 .1239{ . 1280 .0319 . 0266
.0126 | ,0241,0337 .04027 . 0428 | . 0403 | .0329} .0230}.0119 | .1211] .1272|.0318 | .0264
.0125 | ,0240|.0335 . 0399 .0424} .0399 . 0325} ,0226}.0116 .1186) .1265|.0318 .v0'261
.0124 | .0238|.0333 .0397; . 0421} .0395 .0320f .0222(.0114 } .1163f .1258.0318 . 0259
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TABLE A-5
” B=0.5
| Ln
® =
- L
Fap = 4 Ef [, | -
Cap = 8 beo
La | LB
L0, o L2 L
AB 1 EI,
3 bhn3
,(oL) . Phoal L = 72
AB 3 TEI
,(UL) o wL?
AB 5 EI,
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients t1 g
n| .1 .2 .3 .4 .5 .6 1 .8 .9 1 . 3 s
1.1 |,0282 .0474| , 0586 |.0628 .0611| .0543 | ,0438 I .0306 | ,0157 |. 3304 . 1582 | . 0421 . 0407
1.2 |, 0280 ,0469| ,0579 |.0618 .0598 | .0529 .0423| ,0294 | ,0150 |.3279 .1512 | . 0425 .0398
1.3 |.0277 . 0465 ,0572 |.0610 .0587| .0516 .0411 ,0284|.0145 |. 3258 . 1454 | . 0428 .0391
1.4 |.0276 .0461| . 0567 |, 0602 .0578| . 0505 .0400{ .0275).0140 |.3238 .1404 | , 0432 . 0382
1.5 |.0274 . 0458 _.0551 . 0595 . 0669 .C_!495 . 0390 .0268 .01?_:6_ .3221 .1362 | . 0435 ..0378
1.6 |,0272 .0455| , 0557 _.0589 .0561 . 0486 .0382| .0261 _.0132 . 32086 .1325| .0438 .0373
1.7 |.0271 . 0452 | ,0553 |, 0584 . . 0554 | , 0478 .0374| .0255|.0129 |.3192 .1293 | . 0442 . 0369
1.8 |.0270 .0449| . 0540 |, 0579 | .0548( .0471 .0367| ,0250|.0126 }.3180 . 1265 | . 0445 . 0365
1.9 |.,0269 .0447| , 0646 |.0674 . 0543 , 0465 .0361| ,0245|.0124 |, 3168 . 1239 . 0449 . 0361
2.0 |,0267 .0445| ., 0542 |, 0570 I .0537| .0459 .0356| ,0241)|,0121 |, 3158 L1217 | , 0452 . 0358
! 2. 1 - 0267 .0443| . 0540 |, 0566 ,0533| .0453 .0351f .0237).0119 |.3149 .1197| . 0458 . 0354
2.2 |.,0266 .0441| ,0537 |.0563 . 0528 | ., 0448 .03486| . 0234. .01 1.8 . 3140 & ;178 . 0459 . 0352
2.3 |.0265 .0440( ., 0535 |.0559 . 0524 | . 0444 .0342( ,0231).0116 |.3132 .1162 | , 0463 . 0349
2.4 |.0264 .0438| .0532 |,0556 .0520| . 0439 .0338| .0228|.0115 |.3124 L1147 , 0467 . 0347
2.5 |.0263 . 0437] ,0530 .'0554 .0517| ,0436 .0334] ,0225|.0113 |, 3117 .1133| . 0471 . 0344
2.6 |.0283 .0435| , 0528 |.0551 ,0514] ,0432 . 0331 .0223].0112 ], 3111 .1120( . 0475 . 0342
2.7 |.0262 .0434| , 0526 |,0548 .0511] , 0428 .0328) ,0221|.0111 |.3104 .1108 | . 0479 . 0340
2.8 |.0262 .0433| ,0525 |, 0546 - . 0508 .0425 .0325 .0219| ,0110 |.3099 . 1098 | . 0483 . 0339
2.9 |.0261 | .0432] . 9523 j. 0544 I . 0505| , 0422 . 0322 ,0217| .,0109 |.3083 .1088 | , 0487 . 0337
3.0 |.0260 | ,0431| .0521 |. 0542 .0502| , 0418 .0320 .0215| .0108 ].3088 .1078| . 0491 . 0335




TABLE A-5

=0.5
E* Ln B
@ el
Pl | h 6 Fga = T3 E5
(s} 0
Gpy ~ 8 EI;O
Lo L3
' 2
L )+, 2
3
BA 4 EI
(UL) wL®
"BA tg EI,
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients ty
-1 -2 .3 .4 .5 .6 T .8 .9 E g E E
. 0157 .0303}.0430 |{.0526 |. 0583 5.0590 . 0540{ ,0429].0250 .2870| .1582| 0393 . 0384
. 0150 .02891 .0409 |.0498 |[.0548 | .0548 . 0496} ., 0388 ] .0223 .2516 - 1512 .0373 . 0358
. 0144 .0277] .0391 |.0475 { 0519 . 0514 . 0459 ,0354] .0201 .2237| .1454| 0357 . 0336]"
. 0139 .0268 .0376 |.0455 |. 0494 . 0484 .0428) ., 0326 ].0183 .2014] .1405§ , 0344 . 0318
.0135 | .0259|.0364 |.0438 |.0473 | .0460 | .0402| ,0303|.0168 .1832| .1362| o332 | .0307
. 0131 . 0252 i 0353 . 0423 |. 0454 . 0438 .0379; .0283].0155 .1683) .1325| 0323 . 0289
.0128 | .0245] .0343 |, 0411 [, 0438 | .0419 ; .0359/ .0266|.0145 | .1557} .1293| 0314 | .0278
. 0125 [ '0240| .0334 |. 0399 |, 0424 . 0403 .0342] .0252(.0136 . 1451} ,1265| , 0307 . 0268
. 0122 i .0235].0327 |. 0389 |.0411 . 0388 .0327 ,0239].0128 L1361 .1239{ 0301 . 0259
. 0120 ' .02301 .0320 :.0380 . 0400 . 0375 . 0314} .0228| .0122 .1283{ .1217( . 0296 . 0251
_.0118 . 0226 ,0314 L0372 |. 0390 . 0363 . 0302 .0218| .0116 . 1215} .1197| 0292 . 0244
0116 | .0222 | .0309 .0365 |.0381 |.0352 | .0292( .0209|.0111 | .1156 .1178| o288 | .0238
L0115 | . 0219 .0304 I1.0358 .0373 . 0343 . 0282 ,0201} .0106 L1104 .1162‘ . 0284 . 0232
.0113 | .0216|.0299 (. 0352 |. 0365 . 0334 .0273] .0194] .0102 7. 1058 ] .11477 . 0281 L0227
.0112 02131 .0295 |.0346 - |. 0358 . 0326 . 02686 .0188 .0098 .1017) . 1133 | 0279 . 0222
. 0110 .0211§.0291 f,0341 }. 0352 . 0319 .0259f .0182.0095 .0980{ .1120| 0276 . 0218
V.0109 . 0208 ;0288 .0337 |. 0346 . 0312 . 0252 ,0177; ,0092 . 0947 .11081| . 0274 . 0214
0108 . 0206 | . 0284 0332 | 0340 . 0306 . 0246 . 0172_ . 00_89_ . 0918 1098 . 0273 .0210
i.OlO?_ . 0204 :.0281 0328 .70335 .0{3007 .”_0241 ._0168 . 0087 .0891( .1088} 0271 . 0207
?.0106 1 .0202 |. 0279 |.0325 | 0331 . 0295 .0236] .0164 .0085 .0866] .1078] 0270 . 0204
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TABLE A-6
B=0.6
L Ln
I~ P=1
] ® |
F =
AB fl El, Iho l
o 8
L
Gap = 8 El,
La LB
T
2
(LL) _ L L
T =t
AB 1 Ei,
3 bl’103
, (L) _ , Phoab L = 12
AB 3 El,
3
(UL) _ wL
T t
AB 5 EI,
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coeificients t, ‘
ot g R
& n 1 .2 .3 .4 .5 .8 .7 .8 .9 ;
I 1.1 1.0280 . 0470 |. G580 | 0620 . 0600 }, 0533 .0430} .0300 }.0154 | .3283}.1553 |.0420 | ,0401
l 1.2 }.0276 .0461 |, 0567 [, 0603 .0579 §,0510 .0408 ! .0284 }.0145 .3240.1460 },0422 . 0387
I 1.3 |.0272 | .0454 |, 0556 | 0588 | .0561 {.049t | .0390] .0270 |.0137 | .3202}.1382 |,0424 | ,0376
1.4 |.0269 | .0448 |.0546 | 0574 .0545 |. 0473 | ,0374; ,0258 |[.0131 | .3169}.1316 | 0426 | ,L0365
1.5 |.0266 .0441 |,0537 |, 0563 . 0530 ;. 0458 .0361} .0247 |.0125 .3140}.1260 [,0428 | .0357
1.6 ].0263 | ,0436 |,0529 |, 0552 | .0518 |. 0445 | .0349 0238 ,0121 | .3113|,1212 [, 0429 | . 0349
1.7 |.0261 . 0431 | .0522 [, 0543 . 0506 §.0433 .0338} .0230 ‘.0117 L3090 ,1169 |,0431 | 0342
1.8 |.0258 | ,0427 [, 0515 |, 0534 | ,0500 |[,0422 | ,0328| ,0223 .0113 | 3068} .1132 |.0433 | . 0335 |
1.9 |[.0257 .0423 }.0510 [,0526 . 0486 :.0412 .0320} ,0217 {.0110 .3048}.1099 }.0435 . 0329
2.0 |.0255 .0419 |.0504 ‘. 0519 | .0478 ‘.0404 . 0312 .0212 §, 0107 . 3031 . . 1069 j.0437 | . 0324
2.1 |.0253 .0416 |, 0499 |, 0512 . 0470 ;, 0396 .0305¢ 0207 |[.0104 .3014 | ,1043 |, 0439 . 0320
I 2.2 [.0252 |.0413 |, 0495 |, 0506 | .0462 |.0388 | .0298} .0202 |.0102 | .3000].1019 |.0441 | 0315 }
I 2.3 }.0250 .0410 |.0490 {, 0501 . 0456 |.0382 .0293} .,0198 {.0100 .2985 ‘ .0898 {.0444 .0311
l 2.4 |.0249 . 0408 |, 0487 |, 0495 . 0449 t,0375 .0288‘ .0194 |, 0098 L2872 1 .0978 [.0446 | . 0308
2.5 }.0248 . 0405 |.0483 }. 0491 .0444 |, 0370 . 0283} .0191 |.0096 .2960 | .0960 |, 0449 : . 0304 i
2.6 |.0247 , 0403 |, 0480 [, 0486 . 0438 ‘.0364 0279} ,0188 {.0094 | .2948( .0944 ‘.0451 . 0301
2.7 |.0245 | ,0401|.0476 |.0482 | .0433|.0360 | ,0275| ,0185 .‘.0093 .2938 | .0929 |.0454 | .0298
§ 2.8 }.0244 .0399 |,0473 |,0478 | .0429|.0355 .0271} .0182 |, 0091 .2928 | . 0915 . 0457 - . 0295
L2.9 . 0244 ,0397 11,0471 [,0474 . 0424 |, 0351 .0267| .0180 |.0090 .29191,0902 |, 0460 | ,0293 }
I 3.0 |.0243 ,0395 |,0468 [, 0471 . 0420 | . 0347 .0264] .0177 |.0089 :.2910 .0890 {.0463 | .0291
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TABLE A-6
B=0.6
} In
® @
l ‘ ®)
L
F = 1
h,8 BA 2 EIL,
B L
Gpy 7 8 El,
Le L3
] ‘ 9
(LL) _ L
k TBA Tt Ero
(o]
3
bh v 3
I, = —2>- . (DL) _ bh qL
12 BA 4 "EI
3
, (L) _ t wlL
BA 6 EI

Coefficients for Angular Functions Per Unit Width of Slab

Influence Coefficients t2

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

.0154 }.0297 .0421 {.0515 [, 0569 . 0575 |.0527 [ 0419 . 0245 }.2817 [. 1553 . 0386 . 0378

. 0144 |.0279 . 0393 |.0477 |. 0522 . 0522 |.0473 |.0371 .0214 §.2423 | 1460 . 0362 . 0343

.0137 |. 0263 . 0370 |.0446 |. 0484 . 0478 |.0428 |, 0331 .0189 ].2116 {. 1382 . 0341 . 0315

.0130 [. 0250 . 0350 {.0420 |. 0451 . 0442 |.0391 {.0299 .0169 }. 1871 [ 1316 . 0324 .0293

.0124 {0239 . 0333 1.0397 |. 0424 .0410 . 0359 |. 0273 . 0152 |.1873 |[. 1260 . 0309 . 0274

. 0119 . 0229 . 0318 |.0378 |. 0400 . 0384 {.0333 |.0250 .0138 }.1510 (. 1212 . 0297 . 0257

.0115 |[. 0221 . Q306 }.0361 |.0379 . 0360 {,0310 |.0231 .0127 }.1375 |. 1169 . 0286 . 0243

.0112 1. 0213 . 02985 |.0346 |. 0360 . 0340 {.0290 |.0215 L0117 |. 1261 }.1132 L0271 . 0231

.0108 [. 0206 . 0285 1.0333 |. 0344 . 0322 {.0273 [.0201 .0108 ].1164 . 1099 . 0269 . 0220

.0105 1. 0201 .0276 |{.0321 }. 0330 . 0306 |.0258 . 0188 .0101 {.1081 |.1069 . 0261 . 0210

. 0103 |.0195 . 0268 {.0311 |. 0317 .0292 |.0244 [.0177 .0095 }.1009 . 1043 . 0255 . 0202

. 0100 {.0191 . 0261 |.0301 }.0305 . 0280 {.0232 }.0168 . 0090 |.0946 |. 1019 . 0249 .0194

. 0098 |[. 0186 . 0254 |.0292 |.0295 .0268 |.0222 |,0159 . 0085 |.0891 |. 0998 . 0245 .0188

. 0096 |. 0182 . 0248 |.0285 |. 0285 . 0258 |.0212 |. 0152 . 0080 }.0843 |.0978 . 0240 .0181

. 0094 [ 0179 .0243 |.0277 |. 0276 . 0249 |. 0204 |.0145 .0077 §.0800 |. 0960 . 0236 .0176

. 0083 [.0175 .0238 |.0271 |. 0368 .0241 {.0196 }.0139 .0073 |. 0761 |[. 0944 . 0233 .01714

.0091 | 0172 . 0234 ..0265 . 0261 .0233 |.0189 {.0134 .0070 |. 0727 |. 0929 . 0230 . 0166

. 0090 (. 0170 . 0230 |.0259 |. 0254 .0226 {.0182 }. 0129 . 0067 J.0696 |.0915 . 0227 .0162

.0089 [. 0167 . 0226 |.0254 | 0248 .0219 [.0176 |[.0124 . 0065 }.0669 |. 0902 . 0224 . 0158

.0087 [ 0165 . 0222 {,0249 | 0242 ,0213 [.0171 {, 0120 | .0062 |.0643 [. 0890 . 0222 .0154
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TABLE A-7
N N L Ln
r P=1
] ® |
F =
AB fl EIo JEO I
h_ &
_ L
Cap = & EI,
La ! LB
L (LL) o 12 L
AB 1 "EI,
. bh >
, (L) _ , Phoal L = 13
AB 3 T EI
(o]
3
,UL) . , _wL
AB 5 EI,
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients ty
f g ts i
n 1 .2 .3 .4 .5 .6 1 .8 .9
.0277 | .0464|.0571 |.0609 | .0589.0523 | .0421| .0294 |.0151 |.3254 | ,1523|,0418 | ,0394
.0270 | .0450| .0551 |.0582 | .0557|.0491 | ,0393) ,0273|.0140 |.3185 | .1406 |.0417 | ,0374
0264 | .0438[ .0533 |, 0558 | .0531|.0464 | .0369| .0255.0130 |.3126 | .1309|,0417 | - 0358
1.0259 | ,0428| .0517 }.0538 | ,0507|.0440 | ,0348] .0240{,0122 |. 3073 | .1227|.0416 | .0343
T 3 .
.0254 | ,0419).0503 |, 0519 | .0486| .0420 | ,0330| .0227|.0115 }. 3026 | ,1157(.0415 | 0331
.0250 | .0410| .0490 [.0503 | .0468|.0402 | .0315 ,0216|.0109 | 2984 | .1097 |.0414 | .0320
.0246 | .0403| .0479 |, 0488 | .0452|.0386 | .0301) .0206|.0104 |.2946 | .1045 |.0413 | .0310
1.0243 | .0396 ,0469 [, 0475 | ,0437|,0371 | .0289| .0197|.0100 | 2912 | .0999|.0412 | .0301
. 0240 .03905.0460 .0463 | .0424|.0359 || .0278 .0189|.0096 | 2881 | .0959|.0411 | .0293
.0237 | .0384{.0451 |, 0452 | .0412|,0347 | .0269 .0182|.0092 |.2852 | .0923|.0411 | .0286
.0234 | .0379| .0443 |, 0442 | ,0400| .0337 | .0260] .0176|.0089 }. 2826 | .0890|.0410 | .0280
.0232 | ,0374| .0436 |.0432 | .0390| .0327 | ,0252 .0171|.0086 | 2802 | ,0861},0410 | .0273
.0230 | .0369| .0429 |.0424 | .0381|.0319 | ,0245 .0166|.0083 | 2780 | .0835|.0410 | ,0268
.0228 | .0365| .0423 |.0416 | .0373] .0311 | .0239 .0161|.0081 | 2759 | .0811 |.0410 | .0262
.0226 | .0361| ,0417 |,0408 | .0365| .0303 | .0232 .0157|.0079 | 2740 |, 0790 |.0411 | 0258
.0224 | ,0358| .0412 |,0402 | .0358| .0297 | .0228 .0153|,0077 | 2722 | .0770|.0411 | ,0253
.0222 | ,0354| .0407 |[.0395 | .0351] .0290 | .0222 .0149|.0075 | 2705 | .0752 |.0412 | .0250
.0221 | . 0351} .0402 |.0389 | .0344] .0285 | ,0217 ,0146|.0073 ] 2690 | .0735|.0413 | .0246
.0219 | .0348| .0397 |.0384 | .0339| ,0279 | ,0213 .0143|.0072 }2675 | .0720|.0414 | .0242
.0218 | .0346] .03931.0378 | .0333| .0274 | .0209] .0140}.0070 }2661 |.0706 |.0415 | .0239
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TABLE A-7
B=0.7
} Ln
@ e
SR 5 Fpa = % EI;O
Gpa T~ 8 EI;O
Lg Lg
L 2
3 (o}
BA 4 EI,
. (UL) _ wL3
BA 68 EI,
Coefficients for Angular Functions Per Unit Width of Siab
Influence Coefficients t2
1 2 | 3 el s [ e for |l o8 | e E ¢ E 5
.0151 [ 0291 :..0412 ".0503 0555 |.0562 . 0516 | 0411 .0241 }.2774 | . 1523 | . 0381 . 0368
. 0139 [ 0268 . 0377 |. 0456 . 0499 | . 0500 |. 0453 L 0357 | .0206 5.2349 .1406 | . 0351 | .0329
. 0129 | 0248 . 0348 |.0418 0452 | .0448 - 0403 10313 |.0179 §.2020 | .1309].0327 . 0297
L0121 0232 . 0323 ‘ 0385 I. 0413 | .0406 0361 ;. 0278 |.0158 |. 1759 | .1227{.0306 . 0270
>.0114 .0218 | .0302 |.0357 [.0380 |.0370 |.0326 ' 0249 |.0140 [.1549 | .1157[.0289 | .0248
.0108 1.0206 | .0284 1. 0334 . 0352 . 0339 {.0296 | 0224 . 0125 - 1376 .1097).0274 . 0229
L. 0103 |. 0196 | .0268 |, 0313 L0327 |.0313 [,0271 [ 0204 [.0113 | 1234 | .1045] 0261 . 0213
. 0098 0186 | .0255 . 0295 [ 0306 |.0290 ‘.0.250 0186 |.0103 |.1115 | .0999 .0249 | .0199
. 0094 | 0178 |.0243 |.0279 :. 0287 L0270 [, 0231 [ 0171 .0094 |. 1014 | .0959].0239 | .0186
. 0091 [ 0171 | . 0232 :.02'65 0270 | .0253 |.0215 }, 0158 .0086 |.0927 | .0923|.0230 | .0176
.0087 | 0165 ‘ . 0222 [.0252 .. 0256 | .0238 [.0200 ;. 0147 |.0080 |.0853 | .0890} .0222 . 0166
.0084 | 0159 1. 0213 |. 0240 . 0242 |, 0224 ;.0v188 L0137 | .0074 }J.0789 | .0861}|.0215 | ,0158
‘.0.082 l.0154 . 0206 |.0230 0231 L0212 :.0177 .0128 . 0069 }. 0733 . 0835 .0209 . 0150
L0079 {0149 i.019‘8 . 0221 0220 | .0201 .0167 [, 0121 | .0065 . 0684 | .0811|.0203 | .0143
.0077 | 0145 : . 0192 |, 0212 l 0210 L0191 ;.‘.01158 L0114 . 0061 J. 0640 .0790} .0198 . 0137
. 0075 ‘.0141 j.0186 . 0205 :.0.201 .0182 {. 0150 |. 0107 . 0057 - 0601 L0770} .0193 . 0132
. 0074 ‘.0,137 .0181 {.0198 “.0193 . 0174 |.0142 |.0102 . 0054 §. 0567 .0752) .0189 . 0127
. 0072 ..0134 L0176 [, 0191 0186 | .0l166 |[.0136 .. 0097 . 0051 [. 0536 .0735|.0185 . 0122
.0070 [ 0131 t.0171 . 0185 ;.0179 . 0160 |.0130 |. 0092 . 0049 |. 0508 .0720| ,0181 .0118
.0069 | 0128 |.0167 . 0179 :.0173 .0153 |.0124 |. 0088 . 0046 ].0483 .0706 .0178 . 0114
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- TABLE A-8
f=0.8 |
) " Ln
I P=1
® ,
L
F = fl h
AB
EIo I (o] [ h s
o]
) = L
Gam & E1,
La LB
T
2 L
LLL) ¢ L%
AB 1 EI,
3 bho3
AL, PRoal | b = 13
AB 3 EI,
3
-r'(UL‘) =t wL
AB 5 EIl,
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients tl
g g t3 i

S n .1 2 .3 .4 | .5 .60 T .8 .9

1.1 |.0273 |. 0456 | .0560 }.0596 | 0576 . 0512 |, 0413 10288 .0148 }. 3215 | .1494{ 60415 . 0387

1.2 }.0263 |.0436 | .0530 |.0558 |. 0535 . 0471 {.0378 |. 0263 .0134 }. 3112 . 1354} .0411 . 0361

1.3 |.0254 | 0418 . 0503 |.0526 |, 0500 . 0437 |.0348 |. 0241 . 0123 }. 3023 . 1238 | . 0406 . 0339

1.4 |.0246 |, 0402 . 0480 [. 0497 |. 0469 . 0408 [.0323 |, 0223 .0113 §.2944 . 1141} . 0402 . 0320

1.5 }.0239 |.0388 | .0460 |.0472 | 0442 . 0382 |.0301 |. 0207 . 0105 }.2895 . 1059 | . 0400 . 0303

1.6 }.0233 |, 0376 . 0441 1,0450 |. 0418 . 0360 |.0283 |.0194 .0098 }.2812 .0088 ] .0392 . 0288

1.7 |{.0227 1.0364 | .0425 |, 0430 |. 0398 . 0340 |. 0266 |.0182 .0092 ,2755 .09827].0388 . 0276

1.8 |.0222 | 0354 . 0410 |.0412 |, 0379 .0323 [.0252 |.0172 . 0087 1.2705 .0873 | .0384 . 0264

1.9 ].0217 |. 0345 .0396 |.0396 |.0362 | .0307 |,0239 },0163 . 0082 }.2658 . 0826 .0380 . 0254

0o |.0213 |.0336 . 0384 |.0381 |.0347 .0293 {.0228 }, 0155 .0078 |.2616 .0784 | .0376 . 0244

[

1 |.0209 |. 0329 .0373 |.0368 }.0333 . 0281 {.0217 |.0148 . 0075 |.2577 .0747) .0373 . 0236

0206 }. 0321 .0362 |.0355 |, 0321 .0270 {.0208 |.0141 . 0071 |. 2541 .0714| . 0370 . 0228

[ ™ N
[\
.

3 {.0202 |, 0315 . 0352 [,0344 |, 0310 . 0260 |.0200 {.0135 .0068 }.2507 . 0684 .0367 . 0221

2.4 |.0199 }.0308 .0344 |. 0334 |, 0299 .0250 }.0192 }. 0130 . 0066 }.2477 . 0657 .0364 .0215

2.5 |.0196 [. 0303 .0335 |.0324 {, 0290 . 0241 |.0185 }.0125 . 0063 ].2448 .06321 .0361 . 0209

2.6 . 0194 |.0298 . 0328 |.0315 |, 0281 . 0233 |.0179 |, 0121 . 0061 ]. 2421 .0610} . 0359 . 0203

2.7 1.0191 }.0293 .0320 }.0307 |.0273 .0226 }.0173 {.0117 . 0059 §.2396 . 0590 . 0357 .0198

.0189 | 0288 .0314 [.0300 |, 0265 .0220 {.0168 |.0113 .0057 |. 2373 | .0570| . 0355 .0194

. 0187 1. 0283 .0307 {.0292 |.0258 .0213 {.0163 |.0110 . 0055 ].2351 . 0553 .0353 . 0189

N
©

_—F—_

.0185 }. 0280 .0301 {.0286 |.0251 .0208 {.0159 |.0107 . 0054 }§.2330 .05371.0352 .0185

w
o
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TABLE A-8
B=0.8
%4 Ln
‘P =1
® |
Bl L L [ngs Fea = T2 E&;
L LB GBA - f EI;O
' 2
L TeaT) = E%:
3
. - bi’ll%” T (DL} 1, bhoq-L3
BA 4 EI
. (UL) _ | wL®
BA 6 EI,
Coetficients for Angular Functions Per Unit Width of Slab
Influence Coefficients tZ'
1 2 b s | 4 5 1 .8 ; R .8 .9 2 £ E E
. 0148 . 0286 §h0403 gm0493 . 0545 §A0552 ?,@507 30404 . 0237 }.2739 | .1494}.0376 | .0360}
- 0134 1 0258 :.036215.0438 . 0480 {.0431 i.d438 . 0345 .0200:':2290 ; .1354| . 0343 ;63175
. 0122 ;0234\ . 0327 . 0393 |. 0427 | .0424 L0382 | 0208 |.0172 | 1944 | 1238} 0315 | L0z81]
. 0112} 0215 5.0298'§.0355» . 0383 | .0377 |.0337 0261 |.0149 }. 1671 ‘ . 1141 f.ozéz -.0551,
. 0104 [ 0198 | .0273 [.0323 [.0346 |.0338 [.0300 [.0230 |.0130 |.1452 | .1059|.0271 .oézsf
. 0097 }0134 .0252 |. 0296 |. 0314 | .0305 |.0268 [.0205 |.0115 | 1274 | .0988[.0254 | 0206}
L0091 | 0172 [.0234 |.0273 |.0287 |.0277 |.0242 |.0183 |.o0t02 |. 1128 | .0927|.0239 | .0188
L0086 | 0161 |.0218 |.0253 [.0264 |.0252 |.0220 |.0165 |.0092 |.1006 .0873 | .0226 | .0173
. 0081 10152 . 0204 |. 0234 [. 0244 | .0232 [,0200 | 0150 |.0083 }.0903 | .0826| .0214 | ,0159f
.0077 10144 |.0192 |.0219 |. 0226 | .0213 |.0183 [.0t37 |.0075 |.0816 | .0784] .0204 | .0148
.0073 [ 0136 |.0181 }.0205 [.0210 | .0197 |.0168 [.0125 |.0068 |.0741 | .0747|.0195 | .0138
.0070 10129 |.0171 {.0193 [.0196 | .0183 [.0156 |.0115 |.0063 .0677. .0714| .0186 | .0129
.0067 10123 |.0162 |.0181 |, 0184 | .0171 |.0144 |, 0106 | .0058 |.0620 | .0684].0179 | .0121
.0064 10118 |.0154 {.0171 [ 0172 | .0160 [.0134 |. 0098 |.0053 |.0571 | .0657|.0172 .0114:
.0062 10113 |.0147 [.0162 |.0162 |.0150 .0125 |. 0092 |.0049 |. 0528 | .0632] .0166 | .0107]
-0059 10109 |.0140 |.0154 | 0153 | .0141 |.0118 |. 0085 |.0046 ].0490 | .0610|.0160 | .0101
.0057 10104 |.0134 |. 0146 | 0145 |,0132 |, 0110 | 0080 |.0043 |.0456 | .0590|.0155 | .0096]
]00s5 [o1o1 |.o128 |.0140 | 0138 |.0125 |.0104 | 0075 |.0031 |. 0426 | .0570|.0150 | .o0091
.0054 10097 {.0123 |,0133 10131 | ,0118 {.0098 |.0071 |.0038 |. 0399 | .0553|.0146 | .0087
.0052 10094 |.0119 |.0128 [ 0125 |.0112 |[.0093 | 0067 ;0035 ’.0374 .0537] .0142 | 0083
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TABLE A-9
. ‘ L Ln’
I P=1
® :
L
F = f
AB 1 EIo EIO l
h, &
(e}
n L
CaB T & Eq .
La | LB
L LL) o L2 L
AB 1 El,
3 bho3
,(OL) |, Phoal o ° 12
AB 3 EI
e}
3
,UL) o wL®
5 EI,
Coefficients For Angular Functions Per Unit Width Of Slab
Influence Coefficients ty
b g 5 ] %
n .1 .2 .3 .4 .5 .6 LT 8 .9 .
.0268 |.0447 | .0548 |.0584 [.0565 | ,0501 |.0405 |.0283 | .0145 §.3164 { .1467] .0411 . 0379
. 0254 {,0418 | ,0508 |.0535 |.0514 | .0453 |.0364 |.0253 | .0130 }.3019 | .1306| .0403 . 0346
.0241 [,0393 | .0473].0494 |.0471 | . 0412 |,0329 |, 0228 | .0117 |.2892 | ,1174| .0395 | .0319
.0230 |.0371 | 0442 |.0458 |.0433 .0378 |.0300 |.0207 | .0106 }.2780 { .1063} .0386 . 0296
.0220 |.0352 | .0415|.0427 },0401 | .0348 |.0275 {.0190 | .0096 [.2680 | .0970| .0377 | .0275
.0211 {.0334 | ,0391|.0400 |[.0373 | .0322|,0254 |.0174 | .0089 }.2591 | .0890 | .0369 | .0258
.0203 }.0319 | .0370!.0375 {.0349 | .0299 |.0235 {,0161 | .0082 }.2511 | .0822| .0361 | .0242
.0195 {.0304 | ,0351|.0354 |.0327 | ,0279 |.0219 |, 0150 | .0076 }.2438 | .0762] .0353 | .0228
.0189 }.0292 | .0333|.0334 |.0307 | .0262 |.0204 .0140 | .0071 {.2372 ;0710 .0345 | .0218
.0182 |.0280 | ,03tg |. 0317 [.0290 |,k 0246 [.0192 [ 0131 | .0066 }. 2311 | .0664| .0338 | .0205
.0177 |.0269 | .0303 |.0301 }.0274 | .0232{.0181 |.0123 |.0062 {.2256 | .0623]| .0331 .0195
.0172 |[.0259 | ,0290 |.0286 {.0260 | .0219 |[.0170 [.0T16 | .0058 §.2205 | .0586] .0325 | .0185
.0167 |{.0250 | .027g |.0273 |.0247 | .0208 {.0161 [.0109 | .0055 |.2157 | .0554|.0319 | .0177
.0163 |.0242 | , 0267 |.0261 |,0235 | .0198 [.0153 [, 0104 | .0052 }. 2113 | ,0524] .0313 | .0170
.0159 '].0234 | ,0257 |.0250 |.0225 | .0188 |.0145 |. 0098 | .0050 }.2073 | .0497| .0308 . 01863
.0155 |. 0227 | .024g |.0240 |.0215 | .0180 |.0138 |. 0094 | .0047 |.2034 | .0473 .0303 | .0156
.0152 0220 | .0239 |.0230 |. 0206 | .0172 |.0132 |.0089 |.0045 [.1999 | .0451;.0298 | .0150
.0148-_"_.-;-'(')'2‘1,4-' . 0231 }.0222 {,0197 | .0164 |.0126 {. 0085 | .0043 }.1965 | .0431}.0293 | .0145
.0145 | 0208 |.o0223(.0213 {.0190 | .0158 [.0121 | 0082 .0041 }. 1934 | .0413}.0289 | .0140
.0142 | 0202 . 0216 |.0206 |.0183 | .0152 |.0116 |.0078 |.0039 |. 1904 | .0396|.0285 | .0135
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TABLE A-9
B=0.9
l[_g Ln
@ F
S h 3 Fea = % E'Ifo
Opa 7 8 E_Ifo
Lo LS8
‘ 2
L At = 1 Tlfo_
3
I, = ‘bﬁ%— 7 (DL) 1 ————————bhoqLB
BA 4 EI,
_ (L) _ , _wi’
BA 6 EI,
Coefficients for Anguiar Functions Per Unit Width of Slab
_Influence Coefficients ty
-1 -2 .3 .4 .5 .6 .7 .8 .9 £2 g 4 5
.0145 1,0280 | .0396 |.0484 |, 0535 | .0544 |.0500 [, 0399 |.0235 {.2711 .1467] . 0372 | .0354
.0129 },0248 | .0349|.0423 |, 0464 | .0467 |.0426 |, 0337 |.0200 }.2244 | . 1306} .0336 | .0307
.0116 },0222 | ,0310,0373 |, 0406 | .0405 {.0367 |.0288 | .0166 |.1885 | .1174| .0305 | .0268
.0105 |.0200 | ,0277}.0332 |.0359 | .0355 {.0319 |,0248 | .0142 },1604 | .1063}| ,0280 | .0236}
.0095 }.0181 | .0250}.0297 |.0319 | .0314 |.0280 |.0216 |.0123 }.1380 0970} .0258 | .0210
.0087 {.,0165 |'. 0227 |.0268 |, 0286 | .0280 |.0247 |.0190 | .0108 |.1199 | .0890{ .0239 | .0187
.0080 |, 0152 | .0207 {.0243 |.0257 | .0250 |.0220 |.0168 | .0095 |.1050 | .0822}.0223 | .0169
.0075 1, 0140 | .0190|.0221 |.0233 | .0225 },0197 {.0150 | .0084 |.0927 { .0762} .0208 .0153
.0069 |.0129 | .0174}.0202 [.0212 | .0204 {.0178 |.0134 | .0075 }.0824 | .0710] .0195 ] .0139
.0065 {.0120 | .0161{.0186 |{.0194 . 0185 .0161 }, 0121 . 0067 |.0736 | .0664 .0184 . 0127
.0061 }.0112 | ,0150|.0172 |.0178 | .0169 {.0146 |.0110 | .0061 |.0662 | .0623| .0174{ .0117
.0057 1.0105 | .0139(.0159 | 0164 | .0155 |.0133 |.0100 | .0055 |.0598 | .0586|.0165 | .0108
.0054 |.0098 | .0130 |.0147 [. 0151 | .0143 |.0122 |. 0091 | ,0050 |.0543 | .0554|.0156 | .0100
.0051 }1.0093 |.0121 },0137 [.0140 | .0132 |, 0112 | 0083 | .0046 |.0495 | .0524{ .0149 | ,0092
.0048 |.0087 | .0114 |.0128 |. 0130 | .0122 |, 0104 [ 0077 | .0042 |.0453 | .0497] .0142 . . 0086
.0046 |,0082 | .0107 |{.0120 {.0122 |.0113 {.0096 |. 0071 . 0039 |. 0415 | .0473}.0136 . 0080
.0043 | 0078 |.0101 |.0112 |.0114 |.0105 |.0089 |. 0066 .0036 . 0383 | .0451(.0130 | .0075
.0041 |, 0074 [.0095 |.0106 |.0106 | .0098 {.0083 | 0061 .0033 }.0354 | .0431(.0125 | . 0070
.0040 |, 0070 |.0090 |.0100 'j.0100 | .0092 },0077 [ 0057 |.0031 }.0328 | .0413|.0120 | .0066
.0038 |.0067 |.0086 |.0094 { 0094 |.0086 |.0073 |.0053 |,0029 . 0304 | .0396}.0115 | ,0062
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TABLE A-IO
B=1.0
) L
Fap * 0 Eig
) L
GaB & EI,
(LL) _ L2
T = t
AB 1 "EI,
bh_qL>
L L) o, 2o
AB 3 TEL,
3
- (UL) . 1 wlL
AB 5 EI,

Lo

L8

Coefficients For Angular Functions Per Unit Width Of Slab

Influence Coefficients ty
b g t3 b
n 1 .2 .3 .4 .5 6 7 .8 9
-1 1.0262 | .0437|.0537 |.0572 |.0554 | .0493 (,0398 |.0278 .0143 |. 3102 . 1444 . 0408 . 0372
.2 |.0243 | .0401| .0487 0513 ‘.0495 . 0437 |.0351 |, 0245 { .0125 |.2902 . 1265 . 0396 .0333
.3 |.0226 | .0369| .0445 |.0467 |. 0445 | 0391 |.0313 |.0217 |, 0111 }.2728 | .1119].0383 | -, 0302
.4 |.0211 .0341} . 0408 |.0425 |, 0403 [ ,0352 {,0281 |.0194 |, 0099 {. 257b4_ .0998( .0371 | .0275
.5 |.0198 | ,0317{ .0376 |.0389 [.0367 | .0319 [,0253 [.0175 | ,0089 {.2437 | .0896 .0359 . 0251
.6 |.0186 | .0296 .0348 . 0358 |.0336 . 0291 {,0230 |.0158 .0081 §.2315 | .0810| .0347 . 0231
.7 1.0175 | .0276} .0323 |, 0330 |.0308 0266 {.0210 |.0144 | .0073 }.2205 | ,0736;.0335 | .0213
.8 |.0166 | ,0259) .03011{.0306 | 0284 | .0245 |.0192 |. 0132 .0067.].2105 | .0673|.0324 | .0198
.9 §.0157 | .0244 .6281 . 0284 |.0263 . 0226 |.0177 |. 0121 . 0061 |.2014 ‘.0617 .0314 | , 0184
.0 |[.0149 | .0230| .0263 |.0265 |, 0244 | .0209 {.0163 |[.0112 .0057 |.1931 | .0569|.0304 | .0171
.1 |.0142 . 0217 ,0247 |.0248 |. 0228 .0194 |.0151 . .0103 . 0052 }.1855 | .0526| .0294 | .0160
.2 |.0135 | .0205( .0233 |.0232 |, 0213 .0181 {.0141 |.0096 | .0049 |.1785 | .0488( .0285 . 0150
.3 1.0129 |..0195] .0220 |.0218 |.0199 | .0169 |.0131 |.0089 | .0045 }|. 1720 | .0454|.0277 . 0141
.4 |[.0123 | ,0185( .0207 |, 0205 |, 0187 .0158 {.0123 |.0084 | .0042 }. 1660 | .0423|.0269 [ .0133
.5 |[.0118 | .0176 .0196 |.0193 |.0176 .0148 |.0115 |. 0078 . 0040 |. 1604 .6396 . 0261 . 0126
.6 |.0113 | .0168| .0186 |.0183 |.0165 | .0139 [.0108 |.0073 | .0037 |.1552 .0372 | .0254 | .0119
.7 [.0109 | .0160( .0177 |.0173 |. 0156 ,0131 {.0102 |. 0069 ., 0035 |. 1503 | . 0349 .0247 . 0113
.8 |.0105 | ,0153( .0168 |.0164 |. 0148 .0124 {.0096 |.0065 .0033 }].1457 | .0329|.0240 | .0107
.9 |.o0101 .0146{ ,0160 |, 0156 }.0140 | .0117 {.0091 .0061. .0031 |. 1414 | .0310|.0234 | .0102
.0 1.0097 | .0140) .0153 {.0148 }.0133 .0111 |, 0086 |. 0058 .0029 ).1373 | .0293| .0228 . 0097
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o 0
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Spa £ Ei,
Lo LB
| ' (LL) 1.2
L TBA = ’E2 b
o)
3
bh 3
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3
, (UL) _ , WL
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Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficients t2
5 g Yy %
.1 .2 .3 .4 .5 .6 .7 .8 .9
. 0143 ., 0276 .0390 |.0477 |. 0528 . 0536 |.0494 .0395].0232 {.2688 . 1444} . 0369 . 0349
. 0125 . 0240} . 0338 .0411 . 0452 . 0455 |. 0416 . 0330 .0192 |.2208 . 1265 . 0330 . 0299
.0110 .0212 . 0296 |.0358 {.0391 .0391 |, 0355 .0279( .0161 |. 1840 .1119] .0298 0258
. 0098 .0188(.0261 [.0314 |. 0341 . 0339 |.0305 .,0239.0137 ].1553 .0998} .0271 . 0224
. 0088 .0168] .0232 |.0278 |. 0300 . 0296 {,0265 .0206 | .0118 {. 1326 . 0896} .0248 . 0197
. 0079 .0151[ .0208 |.0247 |, 0265 .0261 |.0232 .0179(.0102 |. 1143 .0810] .0228 .0174
. 0072 . 0136} .0187 {.0221 |,0236 . 0231 |.0248 .0157 | .0089 |. 0994 .0736] .0211 . 0155
. 0066 .0124} . 0169 |.0199 [. 0212 . 0206 |.0182 .0139].0078 |.0871 .0673}.0195 ,0139
.0060 | ,0113].0154 |{.Q180 |.0190 .0185 |.0162 .0124 | , 0069 }.0768 .0617) .0182 . 0125
. 0055 .0104|.0140 |. 0164 |. 0172 .0166 |.0145 ,0110(.0062 }.0681 .0569} .0170 L0113
. 0051 .0095|.0129 |.0149 ;. 0156 L0150 |.0131 . 0099 .0055 |. 0608 .0526 | . 0159 . 0103
. 0047 .0088 | .0118 |.0137 |, 0143 .0136 [.0119 .0089 | . 0050 |.0545 . 04881 .0150 . 0094
. 0044 .0081|.0109 |.0125 |.0130 .0124 [.0108 .0081 ] .0045 |.0491 . 0454 | ,0141 . 0086
. 0041 .0076{.0101 |.,0115 |.0120 .0114 |.0098 .0074 1 .0041 |]. 0445 . 04231 .0133 . 0079
. 0038 .0070|,0093 |.0107 |.0110 . 0104 . 0090 .0067 | .0037 |.0404 .03961 .0126 . 0072
. 0036 . 0066 | . 0087 |.0099 |. 0102 .0096 |.0082 .0062 | .0034 ].0368 ,0372|.0120 . 0067
. 0034 . 0061 {.0081 (.0092 |.0094 . 0089 1.0076 . 0057 .0031 |.0337 .0349.0114 . 0062
. 0032 .0057 | ,0075 |.0085 [ 0087 .0082 |.0070 . 0052 | ,0029 |. 0309 .03294.0108 . 0058
. 0030 . 0054 | .0071 },0080 | 0081 . 0076 |.0065 ., 0048 | . 0026 ]. 0284 .03104 .0103 . 0054
. 0028 .0051 |. 0066 |,0074 [ 0076 . 0071 |.0060 .0044 | .0024 }.0262 . 0293 .0099 . 0050
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TABLE B-lI
- B=0.I
e o L [ Ln
Ing P=1
e .y . L ® ®
AB BA EI hOI
- - L . h &
Gpg = Ggp = ¢ ET / )
(LL) _ L
T =t
AB 1 EIo L
2
(LL) - L
TBA ty ET L
3
,®L) . (oL) _ , Bhyab 3
AB BA 3 EI] . bh
3 o 12
,(UL) _ _(UL)_ wl
AB BA 4 BT
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficient t 1
- f g tg t5
) n 1 2 .3 .4 .5 .6 7 .8 .9
1.1 ].0281 | .0477}.0592 |,0637 | .0623|.0558 |.0454 | ,0319.0164 }.3210 .| .1658 |.0415 | .0415
1.2 l.0278 | .0474|.0589 ].0635 | .0621].0557 |.0452 | ,0318;.0164 }|.3113 | .1651|.0413 | .0413
1.3 }.0275 | .0471|.0587 {.0633 | .0619|.0555 |.0451 | .0317|.0163 |.3036 | .1645].0412 | 0411
1.4 }.0273 | .0469| .0585 |.0632 | .0618|.0554 {.0450 | .0317|.0163 }.2973 | .1640}.0410 | .0410
1.5 {,0271 | .0467|.0584 {.0630 | .0617|.0553 |.0450 | .0316|,0163 }|.2920 | .1635|.0410 | .0409
1.6 |.0269 | .0466] ,0582 {,0629 | ,0616|.0552 {,0449 | .0316|.0162 |.2877 | .1631|.0409 | 0408
1.7 ].0267 | .0464! .0581 {.0628 | .0615|.0552 |.0448 | .0315|.0162 }.2840 | .1628|.0408 | .0407
1.8 |.0266 | .0463}.0580 |.0627 | .0614|.0551 |.0448 | .0315|.0162 }.2807 | .1625|,0407 | .0406
1.9 |.o0265 | .0462| .0579 |.0626 | .0613|.0550 |.0447 | .0314|.0162 |.2780 | .1622|,0407 | .0405
2.0 |.0264 | ,0461|.0578 {.0625 | .0613|.0550 |.,0447 | ,0314].0161 {.2756 | .1619| .0406 | .0405
2.1 }.0263 | .0460] ,0577 |.0625 | .0612| .0549 |.0447 | ,0314|.0161 }.2739 | .1617].0406 | .0404
2.2 1,0262 | .0459| .0577 |.0624 | .0611}.0549 {.0446 | .0314].0161 |.2715 | .1615| .0405 | .0404
2.3 |.0261 | .0458| .0576 |.0623 | .0611| .0548 |.0446 | .0313}|.0161 |.2699 | .1613| .0405 | 0403
2.4 |,0260 | .0458] .0575 |.0623 | .0610| .0548 |.0446 | .0313} .0161 |.2683 | .1612| ,0405 | .0403
2.5 }.,0259 | ,0457| .0575 {.0622 | .0610} .0548 |.0445 | .0313] .0161 }.2670 | .1610{ .0405 | .0403
2.6 1,0259 | ,0456| .0574 |.0622 | .0610f .0547 |, 0445 | ,0313],0160 |.2658 | .1609| .0404 | , 0402
2.7 .0258 | .0456]| ,0574 {.0621 | .0609| .0547 |.0445 | ,0313| .0160 |.2646 | .1607|.0404 | .0402
2.8 |.0258 | .0455| .0573 ].062% | .0609| .0547 |.0445 | ,0312].0160 |.2636 | .1606| .0404 | .0402
2.9 }.0257 | .0455| .0573 |.0621 | .0600| .0547 |.0444 | .0312|.0160 |.2627 | .1605] .0404 | . 0401
3.0 ].,0257 | .0455| ,0572 |, 0620 L0608 .0546 [.0444 | .0312] .0160 |.2618 | .1604] .0404 | 0401
5§ "1 .9 8 7 .6 .5 4 .3 .2 1
f g t3 t
Influence Coefficients t2 5
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TABLE B-2
}_ Ln P=1 B 02
®
T : Fap = Fma =1
5 (o]
/ \ 1 Gap = Gpa = 8 ELIO
L L e =Y ELIZO
L L (LL) o, L2
BA ) 2 EIO s
bho,?’ _@oL) _ L) _, PBoak
I0 = 2 AB BA 3 EIO
3
" "Ap T THA ) T ta BY
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficient tl
1 .2 .3 .4 .5 .6 7 .8 .9 g & E s
L0272 | 0467 | ;0583 |.0629 | 0616 . 0552 |[,0449 0315 .0162 }. 3102 | 1634 . 0409 . 0409
.0262 | 0455 .0573 [.0621 0608 . 0546 |.0444 [ 0311 .0160 |.2921 |. 1607 . 0404 . 0402
. 0253 | 0446 . 0565 |.0613 0602 . 0541 |.0439 [ 0308 L0157 |. 2777 |. 1584 .0399 . 0396
.0246 | 0438 .0557 |. 0607 0596 |..0536 {.0435 0305 .0156 §.2660 . 1565 . 0395 .0391
.0239 | 0431 .0551 |.0601 0592 .0532 {.0432 | 0302 .0154 |.2563 |. 1548 . 0392 . 0387
.0234 |. 0425 . 0546 |.0597 | 0588 . 0528 1.0429 | 0300 . 0153 |.2483 |. 1533 .0389 . 0383
.0229 4. 0420 . 0541 |.0592 | 0584 . 0525 |.0427 | 0298 .0152 |.2414 [ 1520 . 0387 . 0380
. 0225 |. 0415 .0537 |. 05689 | 0581 . 0522 |.0424 | 0296 . 0150 |. 2356 | 1509 . 0385 . 0377
.0221 1. 0411 . 0533 |.0585 | 0578 . 0520 [.0422 | 0295 .0150 }.2305 |. 1498 . 0383 . 0375
. 0218 |. 0407 . 0529 |, 0582 0575 .0518 |, 0421 [ 0283 .0149 |.2261 |. 1489 . 0382 . 0372
.0215 [, 0403 . 0526 |,0580 | 0573 .0516 [.0419 | 0292 .0148 |.2222 |, 1481 . 0380 . 0370
,0213 [. 0400 .| ,0524 |.0577 [ 0570 .0514 |.0417 | 0291 .0147 |.2188 |. 1473 . 0379 . 0368
. 0210 § 0397 .0521 |.0575 [ 0568 .0512 [.0416 | 0290 .0146 |.2157 |. 1466 . 0379 .0367
. 0208 | 0395 .0519 |.0573 | 0567 .0511 {.0415 | 0289 .0146 1.2130 |. 1460 . 0378 . 0365
.0206 [, 0392 . 0517 [.0571 | 0565 .0509 |.0413 [. 0288 .0145 |.2106 |. 1454 L0377 . 0364
.0204 |[. 0390 . 0515 |. 0569 | 0563 .0508 |.0412 | 0287 .0145 |.2084 |. 1449 . 03717 . 0362
. 0203 .d388 . 0513 |. 0567 | 0562 . 0507 |.0411 |. 0286 .0144 |.2063 |. 1444 . 0376 . 0361
. 0201 |. 0386 .0511 {.0566 .;)561 | . 05086 .0;110 , 0285 .0143 |.2045 |. 1440 ,‘ 0376 . 0360
.0200 . 0384 .0509 [.0564 | 0560 . 0505 |, 0410 | 0285 .0143 {.2028 |, 1435 . 0376 . 0360
.0199 |, 0383 . 0508 {.0563 | 0558 0E05 | .0409 | 0284 .0143 ].2013 |. 1431 .03786 . 0358
.9 .8 1 .6 .5 .4 .3 .2 L1
. £ g ts tg
Influence Coefficients t g
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TABLE B-3
B=0.3 L
n
g P=1
F = F = f L : ] .
AB BA EI h
o o I
- - L h06
GAB = GBA = B EIO /
2 ,
(LL) - L
TAB 1 TEI
[)
2
(LL) - L
TBA Y2 ET, L
’ . 3
(DL) _ , (DL) _ , PRoal 3
TAB BA 3 EI bh
() 1 =
3 o 12
(UL) . _(UL)_ ., WL
TAB BA ‘4 "EI
g
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficient tl
- f g g ts
) n 1 .2 .3 .4 .5 6 i .8 .9
1.1 . 0263 .0452| . 0570 [.0617 |. 0605 . 0542 |.0440 .0308| .0158 {. 3008 .1597| ., 0403 . 0399
1.2 . 0246 .0430] ., 0547 {,0597 | 0588 . 0528 |.0428 .0299 . 0152 |.2752 . 1540 . 0391 . 0385
1.3 . 0231 .0410( . 0529 |, 0581 |.0573 .0515 |, 0417 .0291] .0148 |. 2550 . 14921 , 0382 ,0373
1.4 . 0219 .0394| ., 0513 {.0567 |, 0561 .0504 |. 0408 . 0283 .0144 |.2386 .14511 ,0374 , 0363
1.5 . 0209 .0380| . 0500 . 0555 [. 0550 . 0495 |. 0400 .0277] 0141 §.2252 . ’1415 . 0368 . 0354
1.6 . 0200 .0368| . 0488 |.0544 |, 0541 . 0487 |.0393 .0272 . 0138 |.2139 .1384} .0363 . 0346
1.7 ,0193 .0357| .0477 [.05635 | 0532 . 0480 |. 0387 . 0267 .0135 |.2044 .1357| .0359 . 0339
1.8 R .0187 .0348] . 0468 |.0527 |. 0525 , 0473 |. 0382 .0263].0133 ]|.1963 . 1333} .0355 .0333
1.9 . 0181 .0339] .0460 |.0519 |, 0518 . 0468 . 0377 .0259] .0131 |.1893 . 1312 . 0352 . 0328
2.0 . 0176 . 0332 .045>3 .0513 [. 0513 .0462 |.0372 . 0255 .,0129 |. 1833 . 1292 | . 0349 . 0323
2.1 .0172 .0325] . 0446 §,0507 | 0507 . 0458 {.0368 .0252 | ,0127 1. 1779 . 1275 . 0347 . 0319
2.2 .0168 .0319| .0440 |.0501 | 0502 . 0453 |. 0365 .0249].,0126 |.1732 . 1259 ., 0345 . 0315
2.3 .0164 .0314 ,0434 [.0496 | 0498 .0450 |.0361 .0247¢ .0124 ].1691 . 1245 . 0344 .0311
2.4 . 0161 .0309( .0429 (, 0492 | 0494 . 0446 |.0358 .0244|.0123 |. 1653 . 12324 .0343 . 0308
2.5 . 0158 . 0304, 0425 |.0487 | 0490 .0443 . 0355 . 02421 .0122 |.1620 1220 . 0342 . 0305
2.6 .0156 .0300} .0420 [. 0483 | 0487 . 0440 }.0353 .0240( .0121 ].1590 . 1209 . 0341 . 0302
2.7 . 0153 . 02961 .0416 |, 0480 | 0483 . 0437 ..0350 .0238 ) .0120 |. 1562 .11991 . 0340 . 0300
2.8 ,0151 .0293| . 0413 |, 0477 | 0480 . 0434 ,0‘348 .0236].0119 |]. 1538 .1189| . 0340 . 0297
2.9 .0149 .0290( .0409 |. 0473 | 0478 . 0432 |.0346 .02351.0118 |].1515 .1181 .0340 . 0292
3.0 . 0147 . 0287 .‘0406 . 0471 0475 ., 0430 |. 0344 .0233].0117 |. 1494 . 1173 .0340 . 0293 _
. .8 1 6 | .5 .4 3 .2 1
° 9 f g t3 t5
Influence Coefficients t2
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TABLE B-4
B=0.4
L. Ln P=1
¥
- F = F = f
hg 1 ) AB BA
/ \ o’
‘ —_ Gap " Cpa " 8
(LL) -
L L TAB =t
L (LL) -
TBA =ty
- o 3
bh_° L (L) _ (L) _ , PBoab
I = T3 AB BA 3
,(UL) . _(UL) _ , _wL
AB BA A _EI
N
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficient t,
— f g - t t
nf .1 .2 .3 4| s | s 1 .8 .9 3 5
. 0255 0437 . 0551 | 0599 .0589 |.0528 |. 0428 .0299 [.0154 {2920 . 1551 |.0395 ‘ . 0388
.0231 }0403 .0514 | 0566 .0558 |.0501 [, 0405 .0282 |.0144 | 2777 . 14_55 . 0378 . 0364
.0211 0374 |.0484 |[. 0537 .0533 {.0478 |.0385 . 0268 (.0137 2347 .1375 ].0363 . 0344
.0195 [0350 . 0457 [. 0513 .0511|.0458 1.0369 .0255 [, 0130 |2142 . 1307 |.0351 .0327
.0182 0329 .0435 | 0491 . 0492 |, 0442 |, 0354 .0244 |. 0124 11974 . 1248 |. 0341 ,0312
.0171 10311 .,L0415 |, 0473 .0475 |.0427 |;0341 [ ,0235).0119 } 1834 .1197 1.0333 . 0299
.0161 0295 . 0398 |. 0457 .0460 |, 0414 |. 0330 . 0227 . 0115 } 1716 ' .1152 (. 0326 . 0288
.0152 0282 . 0383 |, 0442 . 0447 |. 0402 |, 0320 .0219 |, 0111 | 1616 .1113 |. 0320 . 0278
.0145 ;0271 . 0369 |. 0430 . 0436 |.0392 |, 0311 .0213 |. 0107 {1529 .1078 |.0314 . 0269
. 0139 0260 . 0357 {. 0418 . 0425 11,0382 |.0303 .0207 [.0104 | 1454 .1046 |.0310 . 0262
.0133 0251 . 0346 |. 0407 . 0415 |.0373 }.0295 . 0201 |.0102 |} 1388 .1018 |. 0306 . 0254
.0128 | 0242 . 0337 (. 0398 . 0407 | . 0366 |.0289 .0196 (. 0100 } 1330 .0992 | . 0303 . 0248
.0123 10235 . 0328 |.0389 .0399 j.0358 {. 0282 . 0191 [. 0097 {1279 . 0969 |.0300 . 0242
.0119 |o0228 .0320 [.0381 . 0392 [.0352 |.0277 .0188 |.0095 | 1233 . 0948 | . 0298 . 0237
.0116 }0222 .0312 [, 0374 .0385 {.0346 |.0272 .0184 [.,0093 | 1192 .0928 | . 0296 . 0232
.0112 }o0216 . 0305 |.0367 . 0379 ].0340 |. 0267 .0181 {.0091 } 1155 .0910|.0294 . 0228
. 0109 10211 . 0299 |, 0361 .0373 |.0335 }.0262 .0178 |.0089 } 1121 .0894).0293 . 0223
.0106 |[0206 . 0293 |, 0355 .0368 {.0330 |, 0258 .0175 |, 0088 { 1091 . 0878 |.0291 . 0220
. 0104_ 0201 . 0288 |. 0350 .03631.0326 |.0254 .0172 | . 0086 | 1063 . 0864 | .0291 .0216
.0102 | 0197 . 0283 |. 0345 . 0358 |.0322 |, 0251 .0169 |.0085 } 1038 .0851|.0290 ..0213
n .9 .8 .7 .6 .5 .4 -3 .2 .1
f g tq 15
Influence Coefficients tg
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TABLE B-5
B=0.5
. i Ln
g =1
F = F S —— .
AB = "BA ET h
o o I
- - L h06
(LL) . L2
TAB 1 "EI
o
(LL) T £
TBA 2 "EI
3
,(OL) _ (L) _ , Phoal L 3
AB BA 3 EI L. bh
. 3 o 12
,(UL) . _(UL)_ , wL
AB BA 4 EIo
Coefficients for Angular Functions Per Unit Width of Slab
Influence Coefficient t1
- £ g tg tg
) n 1 2 .3 .4 .5 .6 .7 .8 .9
1.1 . 0247 }..,0423|.0532 }, 0578 . 0568 |.0509 .0412) .0289 |.0148 .2842] . 1497 |.0388 .0374
L 1.2 .0217 .0377 |.0480 }, 0527 .0521 }.0467 .0377] .0263 §.0135 .2462} , 1358 |.0365 . 0339
1.3 .0193 .03391.0436 |, 0484 .0481 11,0431 .0347| . 0241 |.0123 .2161] . 1241 1.0345 . 0310
1.4 .0173 . 0307 |{.0399 [, 0447 . 0446 | . 0400 .0321§ .0223 |.0114 .1919} . 1142 |, 0327 . 0286
1.5 1.0157 » .02811.0368 |. 0415 .0417 |.0373 .02994 .0207 |.0105 .1720] . 1057 |.0312 . 0264
1.6 . 0143 .0258 {.0341 {0387 .0391 }.0349 .0279] .0193 |{.0098 .1556] .0984 }|.0299 v . 0246
1.7 . 0131 . 0238 1.0317 {0363 .0368 |.0329 . 02621 .0180 |.0092 . 1416 . 0919 |. 0288 . 0230
1.8, . 0121 .02211.0296 . 0341 | .0347}].0310 .0247] .0169 | . 0086 . 1298 .0863 {.0278 . 0216
- 1.9 .0112 . 0206 |.0278 |.0322 . 0329 ].0294 .02331 .0160 |. 0081 . 1196} .0812 }.0269 .0203
. 2.0 .0104 .0193 1.0262 | 0305 . 0313 1.0279 .0221} ,0151 |, 0076 .1108} .0767 {.0260 .0192
2.1 - 0097 .0181 |, 0247 } 0289 . 0298 |.0265 .0210| .0143 |, 0072 .1031] . 0727 {.0253 .0182
: 2.2 . 0091 .0170 }.0234 |. 0275 . 0284 |.0253 v.0199 .0136 {.0069 . 0963} .0690 |.0246 .0173
2.3 .0086 | .0161 |,0222 | 0262 . 0272 }. 0242 .0190} .0130 }. 0066 1 .0903| .0657 {.0240 .0164
2.4 . 0081 .0152 |,0211 { 0250 . 0260 |.0231 .01821 .0124 |. 0063 ,0849 .0627 |.0234 . 0157
‘ 2.5 .0077 .0145 {. 0201 | 0240 . 0250 }.0222 .0174} .0119 |, 0060 .0801) .0600 |.0229 . 0150
- 2.6 . 0073 .0138 {.0192 | 0230 .0240 ;.0213 .0167] .0114 |, 0057 .0758] .0574 |, 0224 . 0143
2.7 ].0069 . 0131 {.0183 10220 . 0231 {. 0205 ».0160 .0190 |. 0055 .0719} . 0550 |.0220 . 0138
2.8 |.0066 . 0125 |.0176 {0212 . 0223 }.0198 .0154] .0104 |. 0053 .0683} .0529 |.0216 . 0132
2.9 10063 .0120 {. 0169 | 0204 .0215 },0191 ,01491 .0101 |. 0051 .0651] .0509 |.0212 . 0127
3.0 |.0060 .0115 {.0162 | 0197 . 0208 }.0184 .0143} .0097 . 0049 ..0621 . 0490 }|. 0208 . 0123
. .7 .8 .5 .4 .3 .2 1
& n 9 8 ' f g t3 t5
Influence Coefficients ty




PART VII
PROCEDURE OF ANALYSIS AND EXAMPLES

The analysis of pinned-end frames, with linear variation
in cross-section, by means of the string polygon theory and
the application of numerical coefficients develéped and tab-
ulated in this study is illustrated by two numerical examples.
All values are.given in feet, kips or kip-feet, except whére

otherwise noted,

l, BExample One.

A symmetrical trapezodial pinned-end frame of wvariable
cross-section acted on by a uniform horizontal load is con-
sidered (Fig. 7-1). The bending moments atiﬁ?and B are cal-~

. culated. Results are compared with those found by Leontovich

(22).

2"
By T
—t t
5! 16!
1 kip |
£t
400
60! _
Fig » 7"1

Symmetrical Trapezodial Pinned-End
Frame With Straight Haunches.

69
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A, Calculation of Angular Functions.,

1. Dimension Coefficients ﬁgjg and ES's:

Spans AB and CD

L B ' h
. AB _2206— - ".)i.:"
Be dolos Bf=110= 8 =3 =2
AB 0

Span BC
L ﬁg hc

E_, ?C____: 12,1:,3 8:......:.5 =2.5
Lgg . S

2. Angular Flexibilities (Bg. 2-7),

L
- - -—EA—B- - ° 68 §2 o '26!
EBA FCD fBA EIO (.0681) 'E%
0
= Le223 (Table A-10)
BI
0
- - LBC -
FBC hod FCD had fBC ET-A - (01620) é:}_]*:'g_l
o]
= 648 -
81 (Table B=3)

: = : §&QQ&
2% 25 = 5F \

l
1
4

3. Angular Carry-0Over Values (Eg. 3=8).

L
G = = _.B,.C,_, = , ( I )
mc - Y © mc EY (.1220) (i0
's) BI
= H.88 (Table B-3)
BT,

Y. Angular Load Function (Eg, 2-9).

- (UL - 4 oy B 1.

BA BA EIb :Sin7TA
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_(.0113)(1)(22,36)3  (22.36) . 1ul,2 (Table A-10).
ET_ 30 L. |

B. Calculation of Moments Due to Loads and Redundants.

Consider the basic structure'(Fig° 7=2)

60!
j_kiE N 201
ft. |, ,
)
—-’
Fig ° 7“2

Basic Structure

The reactions and moments are:

1. Beactions.

g 2
. (D02 _
RAY ind 3033 kj‘.ps{
RDY = 3,33 kipsi

2. Moments Due to Loads,

2

(L) _ WLAB ’
MB = mmE + 10 RA¥




MCi(L)
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200 4 33.3 = 233.3 kip - ft. j)
w 12

= AB .
5 20 Ryy

= 200 + 166.65 = 366.65 kip - ft. )

3. Moments Due to Redundants.

= (20) (") )

1., Elastic Weights Due to Loads.

3 (L
Py )

5 (L
P, (1)

$ (H
5, (B)

L
: :MBFL)ZFB + 1D gy £y Ty
s E(233“3)(8°OO3) - (366.65) (4.88)
EI,
+ 14102]

= _ 3915,38
ET,

= 1451 gy + P Yy
= ghe [-(233.3)0n.88) - (366.65)(8.003)

s - 4072.99
BI,

Elagtic Weights Due to Redundant.

= 3 (H) _ H) X H
= Py “}%()ZFB“"MC()GGB

18

g [- (200 ()(8.003) - (41) (20) (+.86)

- (257.66)(H)
EL

i
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D. Calculation of Redundant. (Eg.. 4=7 ).

5 (L)
v+ B0 X

B v c

B
] (Hgl) 5 (H=1
Py T+ By ) Y,

H = L&i%iggg_t_ﬁgzgggil
(2 7 + 2576 )

H = il l’+o73

H = 14,73 kip

E. GComparigon of Results. The final moments compared

with those found by Leontovich are (Fig. 7=3):

Unknown Pig;zﬁi Leontovich
H 14.73 1%.71
My 61.3 60.9
M, 71.5 | 72.3
Fig. 7-3

Comparison of Results

2, xanmplLe Twoy

A pinned-end bridge frame of variable cross-sectlon with
hinges at different levels is considered (Fig. 7-4). The mag-
nitude of the thrust redundant for ten positions of unit 1iven

load is caleulated.



30" 40° _ 30
}}>§ 1 kip xt

| 12!

Fig. 7-4

Bridge Frame With HingeSaat.Différégt Levels

N

4
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A, Calculatiqn of Angular Functions.

1.

Dimension Coefficients ﬁg 's and O 's.

Spans AB and CD

L h
= —AB O AB - 40 - = “B 6
f('}.... = = = e = =
/7 Lo 5o -t 2 R, 372
Span B-C
LIpc % me - 30 = BB - 12
= V4 = =, = _D = = 2
B Lec 100 319 hg 6
Moment of Inertia,
. - (AB) _
IA I@ I0
y (BC)3
g 210 2 g1 4B) = g1
" (BA)3
Q

i
L
Hy
.!’bt:*'
o
i

F = (,0681) (40)
BT

= F
BA CD B4 BT
o] 0

=2 2ell (Table A-10)
EI,
= = Iec - 100
Foo * Fop = fpe 570 = (183353
0O O
z 222 (Table B-3)
BI



Angular Carryv-0Over Values (E 2=-8) .

Gpa = Gop

L1}

e o i2‘2 160
exc gr; ¢ L2l

1,62 (Table B=3)

Angular Load Function (Bg. 2-9),

76

TBC s tBC E%'—I: = tBC l‘%%-o' (Table A-10)
o A

The load function will vary for each posi-

tion of loading (Fig. 7=5).

Position tBQ‘ ' ng(LL) : fQQ(LL)
0 §] 0 0
1 .0176 22,0 16,13
2 .0332 41,5 31.88
3 <0453 56,63 4645
4  .0513 64,13 . 57.75
5 .0513 - 64013 64013
6 .0462 57.75 64.13
7 0372 | 46.5 56,63
8 .0255 31.88 41.5
9 .0129 16.13 22,0
10 0 0 0
Fig. 7-5

Angular Load Functions
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B. Calculation of Moments Due to Loads and Redundant,

l. Moment Arms (Bge4=8).

Sin © = —20. Cos 0 = _100
100,3 100,

1

vg Cos © n/pé Sin ©

B

= (40) (.996)

= 39,8 ft. |
Yb = vc Cos © = Up Sin ©

i

(3968) = (.,0996) (100)
29,84 f%.

1

2. Moments Due to Loads.,
Thé moments due to applled loads are zero

at A and B (Fig. 7-6). \
P

X Xt

J— Sa——

® \ @

pXX! T
L \\\<:E§§;;:::=,//,

- L -1

TRK
L

Fig. 7-6

Moments Due to Loads

3. Mpments Due to Redundant..
( .
\

The moments due to the redundant are (Fig,
7”7)0



?:%::%=_~_~—_1§3::===’—_‘7__‘ HY,
Yo -/,
B “H
" -
A\
\

Fig. 7=7

. Moments Due to Redundant

8l

- ®@G9.8) )

- (H)(29.8h)t>

MB
%

C. Calculation of Blastic Weights (Eg.'s 4=5c. 5d)

il

1. BElastic Weights Due to Loads,

?B(L) E::E'7~B

(L) L]
:E'jﬁs = jTéB(LL)

Refer tO Fig; 7“50

[

T

2. Blastic Weights Due to Redundant.

‘?ﬁB(H) = MB E'FB*' MC GCB
= = (H)(39.8)(5.01) = (H) (29.8%) (1.62)
= = (H)(247.74%

$ (H) . ,

Pc ) = My Gon + MCZFC

= (H)(29.8)(1.62) - (H)(29.84)(5.01)
= (H) (213 ° 98)

o

8

D,

78

Calculation of Redundant (Eq.4=7 ). The redundant is
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calculated for each position of the unit live Load (Fig. 7-8). |

@y, 5,® g,

5= B ‘
S (H=1 7 (H=1)
Py ¢ Y+ By Y,
= (L) = (1)
g = YWrh "%
16245 ,21
Pogition ul;B(L) YB-- ?C(L) YC ?j(l‘) Yj H
0 0 | 0 0 0
1 875.6 481,32 " 1356.92 .08
2 1651.7 951,30 2603.0 .160
3 225/,.67 1387.56 -« 3642.43 o R24,
4 2552.37 1732.36 428L.73 0264,
5 2552.37 1913.64 44,66.01 o275
6 2298 045 1913 064 ? [..212 ° 09 ’ 0259
7 1850.7 "1689.84 3540454 .218 1
8 1268.82 + 1238,.36 2507.18 0154
9 641.97 656.48 1298.45 .080
10 0 | 0 0 O‘
F‘igo 7“8

Values of Redundant for Different

Posgitions of Unit Live Lpad
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PART VIII
SUMMARY AND CONCLUSIONS

The primary objective of this study is to develop a
simplified, easy-to- follow method for the analysis of pin-
ned-end frames.

The elastic curve of any straight or bent member of cone-
stant or variable cross=section may be divided into a finite
number“bf segments or string polygon. BEach segment can be
considered as a simple beam. Using the angular functions,
G, Fy and T (end slopes of the simple beams) the change in
angle of ﬁwo adjacent string lines may be expressed in terms
of a three-moment equation and used as an elastic weight on
the conjugate structure,

- The reaction of the conjugate structure is the slope of
the real structure and the moment of the conjugate structure
1s the deflection of the real structure, With this in mind,
an expression for the horizontal thrust redundant is easily
obtained.

Using the program presented, the computer will evaluate
consgtancs for bheams with either one straight haunch or two
symmetricai straight haunches for which ﬁ?is expfessed as a
multiple of one-~tenth and w does not exceed two., Tables of
beam constants obtained by the results of this progfam min-

imize the time of computation of the elastic weights; The
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constants, being perfectly general, may he used with methods

other than the string polygon for many kinds of structures.
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