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a) ELEMENT OF PLATE

b) STRESS RESULTANTS

Fig. 1 Stress resultants in polar co-ordinate.
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b) VIRTUAL SYSTEM

Fig. 2 Force and displacement systems in Betti’s reciprocal theorenm.
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Fig. 3 Subdivision of the boundary sections.
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P(0.0,0.0) for load case no. 1

CLAMPED SUPPORT

P(0.5,0.0) for load case no. 2
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Fig. 5 Clamped circular plate under a singular load.
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Fig. 7 Uniformly loaded annular plate with mixed

free simple and clamped supports.
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Fig. 8 Uniformly loaded annular plate with interior columns.
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APPENDIX A

Influence Functions of the Virtual System

w*(p,e;g,cx) = r’ln r.

8mD
W*(p,e;g,a) = 1 (1+21n r) {p-écos(a-0)}.
op 8mD

i

oW P,03é,x) 1 (142ln 1) {{-pcos(a-6)}.

¢ 81D

1]

27w (p,03E,0)

2¢9p 81D

1 [ -(1421n r)cos(a-6)

+ 2 {p-¢écos(a-0)}{{-pcos(a-0)} ]

T2
r

1]

M (p,038,

. -1 [ (14¥)(1+2In 1) + 2 {g—pcos(a—e)}z

2
87 i &

+ 2vpzsinz(a—6) ]

2
r



40

*
aM‘ (p,03&,00) = -1 [ {p-gcos(a—e)}{ re(14v) - {g—pcos(a—e)}2 }

a

op 2nr 2

+ {g—pcos(a—e)}{ vpgsinz(a—e) - r°cos(a-6) } ].

v‘*<p,9;g,a) = -1 [ {G-poos(a-0))¢ 1+ (1-v) pos (a-0) 3

2

onr 28

+ (1—v)p2{p2—§2}sin2(a—9) ].

2

28r

av‘*(p,e;g,a> = 1 [ rZcos(a-6) + 2{p-{cos(a-6)}{g-pcos(a-06)}

4

op 2nr

+ p(l—V){g-pcos(a—e)}{ cos” (a-8) - 2pzsin2(a—e) }

2
r

+ (1—v){pz—§2}{ cos(a-0) - 2p§sinz(a-e) } ].

2

P r




APPENDIX B
Integrals of Influence Functions

For (pJ,elJ) and (gl,ak') are coincident on the boundary:

a +o I=J
[ I w*(pJ,elJ;gl,ak')gldﬂ ] = <g'>3 [(w'—sin ©)
Qo' k=1 410
{In 2" % (1-cos wl)-—l} 4 {(w')° #.H° 4 ...+ 2B (o) +..3 ]
18 1800 (2n+1) !
1 1
a, +o I=J
[ I aw*(pd,eld;gl,akl)gldﬁ ] = <g')2 [ (0 -sin o)
a, -0 ap k=1 41
fIn 2¢H%-cos wHY + £HT + WHT 4 L4 2B )T 43 ],
18 1800 (2n+1) !
lod l+wl I=J

k
[ J 82w*(pJ,91J;§',akl)§'dA ] = g' [ 20 - (sin @)
a '-o' 9Edp k=1 4T

k

.{1 + In 2(§')z(1—cos w')} ].
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1 1

x, +w T=J

[ I Mg*(pJ,eld;gl,akl)gldA ] = - [ {w'lh 22")%(1-cos )
a ' -o' k=1 47

+ (w')3 4 (m')s + ... + 2Bn(wl)2“+1 +} - (1-v)sin - ]
18 1800 (2n+1)!

a, o' 1=J

[ I @‘“(p“,e]“;g',ak")g'w\] = i[ Sy - (1-wigin ® ]
a '-o' op k=1 4n

1 1

a, to 1=J

[ I V‘*(pJ,el“;g‘,ak'>g'dA P o + (1-v)sin o' 1
o o k=1 21 2
Where B_ = (2n)! { 1+ 1 +1 b ... }.

Zn—:l.nz:\ 22n 32n

Foer=§'ande¢a:

I=J

[ J wip’,e38" 008 da-0) ] = &"H? [ §a-0)-sin (=013

-

87D
.{ln 2(¢")*{1-cos (@-6)2-13

+{me3+(wﬁﬁ +...+2§Jw@f“‘+”.}].

18 1800 - (2n+1) !



I=
[ I v (p’,038" ,a0& d(a-0) ]

ap

43

J

g’ " [ {(a—e)—sin (-8)}

871D

.{ln 25" )% {1-cos (=011}

2n+1

+ {(a—e)s PRETR o 2B_(a-9) +...} ].

18

I

1800 (2n+1)!

J

[ [ %" (p”,038" ,00¢ da-6) ] = s [ 2(a-0) - (sin (a-0))

2¢op

=

[ I Mg*(pa,e;él,a)gld(a—e) ]

J

81D

€1 + 1n 2¢2H%(1-cos (a-8)1) 1.
] 3]

£ [ ) f@-e

8T

.In 2(§')z{1—cos (-0)}

+ -0+ @0+ ... + 2B @0 +...} - (A-»sin (@-0) 1
18 1800 (2n+1) !
I=J

[ I aM‘*(pJ,e;él,a)gld(a—e) ]

ap

= -1 [ 2v (a-0) - (1-v)sin (a-6) ].

87
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I=J
* J I 1 "
[ IV‘ (p ,03¢ ,00¢ d(a-0) ] o —1[ (a-0) + (1-v)sin (a-8) ]
41T 2
f=
* J | |
[ fav‘ (p ,03¢ ,00¢ d(a-6) ] = -1 [ cot (x-0)
op ang ' 2
- (1-v) sin (a-0) cos (a-8) ]
2 1-cos (a-9)
For p = ¢ :
Jw*(p,e;g,wgd(a-e) =g [ {(p2+§2)(a—e) - 2p§sin(a—e)} ln{p2+§2
167D
—2pécos(a-0)) - 2pE(p +E°).FN3 + 4p°8°.FN4 T
faw*(p,e;g,a)gd(a—e) = ¢ [ (1+21n 1) {gca-e) - psin(a—e)}
o¢ 871D
- 2pE°.FN3 + 2p &.FN4 ]-
Iaw*(p,e;é,a)gd(a—e)- = & [ (1+2In 1) {p(a-e) - ésin(a-e)}

op 81D
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- 2p%8.FN3 + 2p5~.FN4 T
J azw*(p,e;g,a)gd(a—e) = & [ -(1421n r)sin(a-6) + 4p¢.FN1
2po¢ 87D
- 2(p%+E%) .FN2 ]-
I M (p,038,008d(a=0) = =& [ (14¥)(a-0)(142In 1) + 2(p°+&°%) .FN1
8T

_ 4pS.FN2 - (1+v)2p5.FN3 - (1-v)2p° .FNA %

14

]

J oM (p,05¢,00Ed(a-0) - [ (34) {p.FN1-§.FN2) - p.FNA

—

ap 271 2
— (p%+3pE%) . FN5 + (£3435p%).FN6 + (p +2pE"+vpE™) .FNT - (14)p°§.FNB ]
J v (p,038,008d(a-0) = -1 [ (28%-(1-v) P~} .FN1 - (14v)pg.FN2
an

+ (1-1)p2.FNA + (1-1)p" (p"-E") .FNT ]-



*
I@V (py03¢,)¢d(a-0) = -1 [ -(1-v)p.FN1 - (14v)¢.FN2 + (1-v)p.FN4

—

op 21 ' 2

— (4pEc-(1-1) p(pZ4E%) ) .FN5 + 2§ (vp +E7).FN6 + (2pE%+(1-v) p(p=-28 ") } .FNT

+ (1o Ep°.FNB - (1-112p° (p-E") .FN9 + (1-128p" (p°-§") .FN10 ].

Where
FN1 = J d(o-0) = 2 t.an-1 { (p+é) tan (a-0) }
r lp*-27| lo-¢| 2
FN2 = Icos(a-e)d(a—e) = - (a-0) + (p2+§z) t,an_l{ (p+é)tan (a-6) }
o 208 p5|0°¢] 2| 2
FN3 = I (0-0)sin(a-0)d(ax-06) = 1 [ nilnr - { (p2+§2)1n L r }
r 2pf1 2 2p¢ 2p8

"nE {(pz+§2)aln rz _ 3(P2+§2)2 rz " 3(p2+gz)(rz)z " (rz)s }

23 (208)° (205)% 208 2 208 (2p5)° 3 (2p5)°

2 2n+1

-..- 1.3.5...(2n-1) {(p2+g ) In r-

2n+1

2.4.6...(2n).(2n+1) (2p)

2n+1

+ z P TR T Pt il I i } - ]

n+1i-m

m=1 m!(2n+1-m)!(2pE)° m (2p5)"
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FN4 = fsinz(o(—e)d(a—e) = 1 [ sinG-o - (pz+§z)sin—1{cos(a—e)}

2

o ; 2p¢ 2p¢

< |p2-gz| sinf‘{(pz+gz)r‘°‘-(pz-gz)a} 1
2

2pg 2pér

2
]
S—
&
0
<D
]

1 [ 2p¢ sin(a-6)

2 (pz_ga)z rz

+ 200 4% tan"‘{(p+g)tan(a-e)} 1

lp®-£7] sl 2

FN6 = I cos(a-0)d(a-8) = 1 [ (p2+g2) sin(a-0)

a4

" (pz_gz)z rz

+  4pE tan"{(p+§)tan(f:g)} ]-

(2 S ERRRE = /I

FN7 = Isinz(a—e)d(a—e) 1 [ - sin-6) + 1 sin"{cos(a-e)}

4 2

r 2p¢ r 2p8

+ (p2+§2) sin—l{(p2+§2)r2-(p2—g2)a} ].

2

208 |p%-£7| 20T

FN8 = Icos(a—e)sinz(a—e)d(a-e) = 1 [-a+ p°+€%) sin(a-0)

4 2

r (2p§)2 r
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Z .2 . =1 -
+ (p 4§ ) sin {cos(a-e)} - (p4+§4) sin 1{(p2+§2)r2-(p2—g2)2} ].

ps oz |o%-¢7 208

2

FN9 = Isinz(a—e)d(a-e) = 1 [{(p2+§2)rz—(pz-§z)z} sin(a-9)

8 2.2 &

r . 2p¢ zw?g r

+ pé sin—l{(pz+§2)rz-(pz—gz)z} ].

PR 2p8r°
FN10 = j cos (a-0)sin”(a-0)d(a-0) = -1 [ P Tt RO e 3
r’ (Zpg)2 or” 2(p2—§2)2rz re

.sin(a-6) + 1 sin_l{cos(a—e)}

—_—

2pg

#§ 3(p" +¢ L 55> T sin"{(p2+gz)r2-(pz—gz)z} 1

2]p®2?  2p® 202 2p8r

2



APPENDIX C

List of the Computer Programs

Two computer programs are included in this appendix. The
first one is the program for solving circular and annular plates with
arbitrary combination of boundary conditions and interior column
supports. The latter program is used for conveniently editing an

input data file of the first program.
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C BOUNDARY ELEMENT METHOD FOR THE ANALYSIS OF CIRCULAR AND ANNULAR PLATE
G

C BY

C Mr.Siriphan Amonsrisawat

C

C DEPARTMENT OF CIVIL ENGINEERING

C CHULALONGKORN UNIVERSITY

C 1988
Chkxrxkkkkkkkkkkkkkkkikkkkkkkkkrkkkkkkdkkkkkkkkrikkkkkkkrkkkkkkkkkkkkrsk
C

C last modified 16-SEPT-88

C Simple support, Clamped, Free Edges and Column supports Combination

C with Arbitrary location of points load and Uniform load

C MAIN PROGRAM

C

COMMON /LIO/ LR,LW,LC,LM
COMMON /SIZE/ MAX
COMMON A(100000)
CHARACTER*72 IFNAME, OFNAME, MFNAME
INTEGER*2 STRING(28), NUM
INTEGER*2 TIME1l, TIME2, TIME3, TIME4
EQUIVALENCE (STRING(7),TIME1)
EQUIVALENCE (STRING(8),TIME2)
EQUIVALENCE (STRING(9),TIME3)
EQUIVALENCE (STRING(10),TIME4)

C MAXIMUM STORAGE CAN BE USED

MAX = 100000
C SET INPUT-OUTPUT LOGICAL UNITS
CALL TNOUA ('’ INPUT DATA FILE NAME ===> ’, INTS(30))

READ (1,10) IFNAME

10 FORMAT (A72)
CALL TNOUA (° INPUT THE FILE OUTPUT ===> ', INTS(31))
READ (1,10) OFNAME
OPEN (5,FILE=IFNAME)
OPEN (6,FILE=OFNAME)
CLOSE (6,STATUS=’'DELETE’)
OPEN (6,FILE=0OFNAME)
NUM = 28
CALL TIMDAT (STRING,NUM)
WRITE (6,1)

1 FORMAT (’CPU TIME used before execut1ng in SECONDS + TICKS’)
WRITE (6,3) TIME1l, TIME2
WRITE (6,2)

2 FORMAT (’I/O TIME used before executing in SECONDS + TICKS')
WRITE (6,3) TIME3, TIME4

3 FORMAT (2120)

IR = 5
LW =1
LC = 6

CALL LABEL (’XXXX’,'XXXX’,’'XXXX’,’'XXXX’,'XXXX’,’XXXX’,’XXXX’)
CALL BEGIN
CALL TIMDAT (STRING,NUM)



WRITE (6,5)
5 FORMAT (’CPU TIME used after executing in SECONDS + TICKS’)
WRITE (6,3) TIME1, TIME2
WRITE (6,6)
6 FORMAT (’I/O TIME used after executing in SECONDS + TICKS’)

WRITE (6,3) TIME3, TIME4

STOP

END ‘
Chkkkkkkkkkkkkkkkkkkkkikkkkikkkkkkkkikkkkk
C DRIVEN PROGRAM OF OVERALL PROCESS
I TTTTTIIILIITITTIILTITIITITT LI EITTS TS L2232

SUBROUTINE BEGIN
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON HEAD (20)

COMMON A(1)

COMMON /LIO/ LR,LW,LC,LM

COMMON /SIZE/ MAX

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /BOUND/ NOUT,NINN,KOUT(10),KINN(10),GAMM(10),BETA(10),

* NELOUT(10),NELINN(10),NCOL,RCOL(10),ZECOL(10)

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)

COMMON /DISP/ KW,WDIR(20),KP,KWPT,WRHO(30),WANG(30)

PI = 3.141592653589793

READ TITLE HEADING

P llele]

READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD

ANALYSIS FOR CIRCULAR OR ANNULAR PLATE

R a 6

READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) KCIR
WRITE (LW,2010) KCIR
WRITE (LC,2010) KCIR

READ RADIUS OF PLATE

olel e

READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1020) ROUT
WRITE (LW,2020) ROUT
WRITE (LC,2020) ROUT
IF (KCIR.EQ.0) GO TO 10
READ (LR,1020) RINN
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WRITE (LW,2020) RINN
WRITE (LC,2020) RINN
C
C READ NUMBER OF COMBINATION EDGES FOR OUTER AND INNER EDGE
C
10 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) NOUT
WRITE (LW,2010) NOUT
WRITE (LC,2010) NOUT
IF (NOUT.GT.10) GO TO 991
IF (KCIR.EQ.0) GO TO 20
READ (LR,1010) NINN
WRITE (LW,2010) NINN
WRITE (LC,2010) NINN
IF (NINN.GT.10) GO TO 992
C
C READ TYPE OF COMBINATION EDGES FOR OUTER AND INNER EDGE
C
20 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD

READ (LR,1010) (KOUT(I),I=1,NOUT)

WRITE (LW,2030) (KOUT(I),I=1,NOUT)

WRITE (LC,2030) (KOUT(I),I=1,NOUT)
IF (KCIR.EQ.0) GO TO 30

READ (LR,1010) (KINN(I),I=1,NINN)

WRITE (LW,2030) (KINN(I),I=1,NINN)

WRITE (LC,2030) (KINN(I),I=1,NINN)

c
C READ THE BEGINNING ANGLE OF EACH BOUNDARY SECTION
C
30 GAMM(1) = 0.0
IF (NOUT.LE.1) GO TO 35
READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1020) (GAMM(I),I=1,NOUT)
WRITE (LW,2040) (GAMM(I),I=1,NOUT)
WRITE (LC,2040) (GAMM(I),I=1,NOUT)
IF (GAMM(1).NE.0.0) GO TO 998
DO 310 I = 1, NOUT
GAMM(I) = GAMM(I) * PI / 180
310 CONTINUE
35 IF (KCIR.EQ.0) GO TO 40
BETA(1) = 0.0
IF (NINN.LE.1) GO TO 40
READ (LR,1020) (BETA(I),I=1,NINN)
WRITE (LW,2040) (BETA(I),I=1,NINN)
WRITE (LC,2040) (BETA(I),I=1,NINN)
IF (BETA(1).NE.0.0) GO TO 998
DO 320 I = 1, NINN
BETA(I) = BETA(I) * PI / 180
320 CONTINUE



C
C READ NUMBER OF ELEMENTS IN EACH BOUNDARY SECTION
c
40 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) (NELOUT(I),I=1,NOUT)
WRITE (LW,2030) (NELOUT(I),I=1,NOUT)
WRITE (LC,2030) (NELOUT(I),I=1,NOUT)
IF (KCIR.EQ.0) GO TO 50
READ (LR,1010) (NELINN(I),I=1,NINN)
WRITE (LW,2030) (NELINN(I),I=1,NINN)
WRITE (LC,2030) (NELINN(I),I=1,NINN)
C
C READ NUMBER OF COLUMN SUPPORTS AND LOCATIONS
c
50 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) NCOL
WRITE (LW,2010) NCOL
WRITE (LC,2010) NCOL
IF (NCOL.EQ.0) GO TO 60
IF (NCOL.GT.10) GO TO 993
DO 510 I = 1, NCOL
READ (LR,1020) RCOL(I),ZECOL(I)
WRITE (LW,2040) RCOL(I),ZECOL(I)
WRITE (LC,2040) RCOL(I),ZECOL(I)
ZECOL(I) = ZECOL(I) * PI / 180.
IF (RCOL(I).GT.ROUT) GO TO 997
IF (KCIR.EQ.0) GO TO 510
IF (RCOL(I).LT.RINN) GO TO 997
510 CONTINUE

s
C READ THICKNESS OF PLATE, POISSON’S RATIO AND MODULUS OF ELASTICITY
&
60 READ (LR,1000) HEAD

WRITE (LW,2000) HEAD

WRITE (LC,2000) HEAD

READ (LR,1030) TH,PR,ELAS

WRITE (LW,2050) TH,PR,ELAS

WRITE (LC,2050) TH,PR,ELAS

RIGID = ELAS*TH*%3/(1-PR**2)/12

g
C READ UNIFORM LOAD
C

READ (LR,1000) HEAD

WRITE (LW,2000) HEAD

WRITE (LC,2000) HEAD

READ (LR,1020) UNIF

WRITE (LW,2020) UNIF

WRITE (LC,2020) UNIF
C

C READ NUMBER OF CONCENTRATED LOADS AND LOCATIONS
C

(PRHO, PANG)
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70 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) NPT
WRITE (LW,2010) NPT
WRITE (LC,2010) NPT
IF (NPT.LE.O) GO TO 80
DO 710 I = 1, NPT
READ (LR, 1020) PLOAD(I),PRHO(I), PANG(I)
WRITE (LW,2040) PLOAD(I),PRHO(I),PANG(I)
WRITE (LC,2040) PLOAD(I),PRHO(I),PANG(I)
PANG(I) = PANG(I) * PI / 180.
710 CONTINUE
C
C READ ANGLE OF RADIUS ALONG WHICH RESULTS ARE REQUIRED
C _ .
80 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) KW
WRITE (LW,2010) KW
WRITE (LC,2010) KW
IF (KW.LE.0) GO TO 90
READ (LR,1020) (WDIR(I),I=1,KW)
WRITE (LW,2040) (WDIR(I),I=1,KW)
WRITE (LC,2040) (WDIR(I),I=1,KW)
DO 810 I = 1, KW
WDIR(I) = WDIR(I) * PI / 180.
810 .CONTINUE
READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) KP
WRITE (LW,2010) KP
WRITE (LC,2010) KP
C
C READ LOCATIONS OF SPECIFIC POINT ON WHICH RESULTS ARE REQUIRED
C
90 READ (LR,1000) HEAD
WRITE (LW,2000) HEAD
WRITE (LC,2000) HEAD
READ (LR,1010) KWPT
WRITE (LW,2010) KWPT
WRITE (LC,2010) KWPT
IF (KWPT.LE.O) GO TO 100
DO 910 I = 1, KWPT
READ (LR,1020) WRHO(I),WANG(I)
WRITE (LW,2040) WRHO(I),WANG(I)
WRITE (LC,2040) WRHO(I),WANG(I)
WANG(I) = WANG(I) * PI / 180.
910 CONTINUE
C
C SET DIMENSION OF MATRIX
c
100 NRS1 = 0
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DO 200 I = 1, NOUT
NRS1 = NRS1 + NELOUT(I)
200 CONTINUE
IF (KCIR.EQ.0) GO TO 400
DO 300 I = 1, NINN
NRS1 = NRS1 + NELINN(I)
300 CONTINUE
400 NRS = NRS1 * 2
IF (NCOL.LE.0) GO TO 450
NRS = NRS + NCOL

450 NT = KP
IF (KWPT.LE.KP) GO TO 500
NT = KWPT
500 N1 =1
N2 = N1 + NRS*NRS
N3 = N2 + NRS
NE = N3 + NT*8
IF (NE.GT.MAX) GO TO 999
WRITE (LW,3000) NE
WRITE (LC,3000) NE

GENERATE COEFFICIENT MATRIX

CALL GENER (A(N1),NRS,NRS1)
WRITE (LW,2100)

WRITE (LM,2100)

CALL DISP2 (A(N1),NRS,NRS)

GENERATE LOAD VECTOR

CALL GENLD (A(N2),NRS1)
WRITE (LW,2110)

WRITE (LM,2110)

CALL DISP1 (A(N2),NRS)

SOLVE FOR UNKNOWNS

CALL SLNPD (A(N1),A(N2),DETER,NRS)
WRITE (LW,2120) DETER

WRITE (LC,2120) DETER

WRITE (LW,2130)

WRITE (LC,2130)

CALL WTAPE2 (A(N2),NRS,1)

COMPUTE VALUES OF DEFLECTION AND STRESS RESULTANTS

IF (KW.LE.O) GO TO 700

DO 600 I = 1, KW
WRITE (LW,*) 'DIRECTION NO. ’,I
CALL RESULT (A(N2),A(N3),I,KP,NRS1)
WRITE (LW,2140) I
WRITE (LC,2140) I
CALL WTAPE2A (A(N3),KP)

600 CONTINUE
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700 IF (KWPT.LE.O0) GO TO 800
CALL RESULT1 (A(N2),A(N3),KWPT,NRS1)
WRITE (LW,2150)
WRITE (LC,2150)
CALL WTAPE2A (A(N3),KWPT)

800 RETURN

991 WRITE (LW,3040) ’NO. OF OUTER BOUNDARY '’
RETURN
992 WRITE (LW,3040) ’NO. OF INNER BOUNDARY '’
RETURN
993 WRITE (LW,3040) ’'NO. OF COLUMNS '’
RETURN
997 WRITE (LW,3020)
RETURN
998 WRITE (LW, 3030)
RETURN
999 NMORE = NE - MAX
WRITE (LW,3010) NE,NMORE
RETURN
1000 FORMAT (20A4)
1010 FORMAT (12I5)
1020 FORMAT (8F10.5)
1030 FORMAT (2F10.5,D20.10)
2000 FORMAT (/5X,20A4)
2010 FORMAT (5X,’======z=z===z==>",15§)
2020 FORMAT (5X,’'s===========>",F10.5)
2030 FORMAT (2X,12I5)
2040 FORMAT (2X,8F10.5)
2050 FORMAT (2X,2F10.5,D20.10)
2100 FORMAT (/5X,’S (I’J) kkkkkkkkkkkkkkkkkkkx’ )
2110 FORMAT (/5X,’LOAD VECTOR ¥kkkkk¥kkkkxkiiik’)
2120 FORMAT (/5X,’'DETERMINANT =',D20.10)
2130 FORMAT (/5X,’UNKNOWNS SOLUTION ¥¥kk¥kikkk¥xx’ )
2140 FORMAT (/1X,’*¥***xRESULTS FOR RADIUS DIRECTION NO.’,13)
2150 FORMAT (/1X,’**¥**RESULTS AT OTHER REQUIRED POSITION’)
3000 FORMAT (/10X,’****xk¥% MEMORY USED =’,I110,’ kxRkkkkkk? )
3010 FORMAT (/5X,’REQUIRED STORAGES =’,110,’ WHICH’,I10,’ EXCEEDED’ )
3020 FORMAT (/5X,’COLUMN SUPPORTS IS OUT OF PLATE ')
3030 FORMAT (/5X,’'THE FIRST ANGLE MUST BE EQUAL ZERO ’)
3040 FORMAT (/5X,A25,’MUST NOT BE GREATER THAN 10 ')
END
Ckxkkkkkkkikkkkkkkkkkkkkkpkkkkikkx

C GENERATE COEFFICIENT MATRIX
Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkdkkksx

SUBROUTINE GENER (S,NRS,NRS1)
C

IMPLICIT REAL*8(A-H,0-1)

DIMENSION S(NRS,1)

COMMON /LIO/ LR,LW,LC,LM

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /BOUND/ NOUT,NINN,KOUT(lO),KINN(lO),GAMM(lO),BETA(lO),

* NELOUT(10),NELINN(10),NCOL,RCOL(10),ZECOL(10)



C

C

C FOR NODAL POINTS ON THE OUTER BOUNDARY
c ;

C

ELEMENT LENGTH ==>EL
N =0
NJ1 = NRS1
DO 400 N = 1, NOUT
EL = ELLE(O,N)
OMEGA1 = EL/2./ROUT
DO 390 J = 1, NELOUT(N)
NJ =N +1
NJ1 = NJ1 + 1
WRITE (LW,5000) NJ, NJ1

5000 FORMAT (2I5)
C
C INFLUENCE FUNCTIONS ON EACH INTERVAL OF OUTER BOUNDARY
MI =0 :
MI1 = NRS1

DO 100 M = 1, NOUT
EL = ELLE(O,M)
OMEGA2 = EL/2./ROUT
DO 90 I = 1, NELOUT(M)
MI = MI + 1
MI1 = MI1 + 1
CALL CALR (ROUT,N,J,OMEGA1,ROUT,M,I,OMEGA2,R,GAM)
IF (R.LE.0.0) THEN
BN = BNSERY (OMEGA2)
ELSE
CALL ALIMIT (GAM,OMEGA2,GAM1,GAM2)
BN1 = BNSERY (GAM1)
BN2 = BNSERY (GAM2)
ENDIF
IF (KOUT(M) - 1) 10, 20, 30
C FOR FREE EDGE : KOUT(-) = 0
10 IF (R.LE.0.0) THEN

SM1 = -SPECV (OMEGA2) * 2. - 0.5
SM2 = SPECM (ROUT,OMEGA2,BN) * 2.
SM3 = -SPECDV (ROUT,OMEGA2) * 2.
SM4 = SPECDM (OMEGA2) * 2. - 0.5

ELSE
SM1 = -SPECV (GAM2) +SPECV (GAM1)
SM2 = SPECM (ROUT,GAM2,BN2) -SPECM (ROUT,GAM1,BN1)
SM3 = -SPECDV (ROUT,GAM2) +SPECDV (ROUT,GAM1)
SM4 = SPECDM (GAM2) -SPECDM (GAM1)

ENDIF
GO TO 40

C FOR SIMPLE SUPPORT : KOUT(-) =1
20 IF (R.LE.0.0) THEN

SM1 = SPECW (ROUT,OMEGA2,BN) * 2.
SM2 = SPECM (ROUT,OMEGA2,BN) * 2.
SM3 = SPECSL (ROUT,OMEGA2,BN) * 2.
SM4 = SPECDM (OMEGA2) * 2. - 0.5

ELSE
SM1 = SPECW (ROUT,GAM2,BN2) -SPECW (ROUT,GAM1,BN1)
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SM2 = SPECM (ROUT,GAM2,BN2) -SPECM (ROUT,GAM1,BN1)
SM3 = SPECSL (ROUT,GAM2,BN2) -SPECSL (ROUT,GAM1,BN1)
SM4 = SPECDM (GAM2) -SPECDM (GAM1)
ENDIF
GO TO 40
C FOR CLAMPED SUPPORT : KOUT(-) = 2
30 IF (R.LE.0.0) THEN
SM1 = SPECW (ROUT,OMEGA2,BN) * 2.
SM2 = -SPECSL (ROUT,OMEGA2,BN) * 2.
SM3 = SPECSL (ROUT,OMEGAZ,BN) * 2.
SM4 = -SPECDD (ROUT,OMEGA2) * 2.
ELSE
SM1 = SPECW (ROUT,GAM2,BN2) -SPECW (ROUT,GAM1,BN1)
SM2 = -SPECSL (ROUT,GAM2,BN2) +SPECSL (ROUT,GAM1,BN1)
SM3 = SPECSL (ROUT,GAM2,BN2) -SPECSL (ROUT,GAM1,BN1)
SM4 = -SPECDD (ROUT,GAM2,BN2) +SPECDD (ROUT,GAM1,BN1)
ENDIF
C
40 S(NJ,MI) = SM1
S(NJ,MI1) = SM2
S(NJ1,MI) = SM3
S(NJ1,MI1) = SM4
90 CONTINUE
100 CONTINUE
C

C INFLUENCE FUNCTIONS ON EACH INTERVAL OF INNER BOUNDARY
IF (KCIR.EQ.0) GO TO 210
DO 200 M = 1, NINN
EL = ELLE(1,M)
OMEGA2 = EL/2./RINN
DO 190 I = 1, NELINN(M)
MI = MI + 1
MI1 = MI1 + 1
CALL CALR (ROUT,N,J,OMEGAI,RINN,M,I,OMEGAZ,R,GAM)
IF (KINN(M) - 1) 110, 120, 130
C FOR FREE EDGE : KINN(-) = 0

110 SM1 = FUNCV (RINN,ROUT,R,GAM)
SM2 = -FUNCM (RINN,ROUT,R,GAM)
SM3 = FUNCDV (RINN,ROUT,R,GAM)
SM4 = -FUNCDM (RINN,ROUT,R,GAM)
GO TO 140
C FOR SIMPLE SUPPORT : KINN(-) =1
120 SM1 = -FUNCW (R)
SM2 = -FUNCM (RINN,ROUT,R,GAM)
SM3 = -FUNCSL (ROUT,RINN,R,GAM)
SM4 = -FUNCDM (RINN,ROUT,R,GAM)
GO TO 140
C FOR CLAMPED SUPPORT : KINN(-) = 2
130 SM1 = -FUNCW (R)
SM2 = FUNCSL (RINN,ROUT,R,GAM)
SM3 = -FUNCSL (ROUT,RINN,R,GAM)
SM4 = FUNCDD (RINN,ROUT,R,GAM)
¢
140 , S(NJ,MI) = SMl1 % EL
S(NJ,MI1) = SM2 * EL



C
C
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C
C

S(NJ1,MI) = SM3 * EL
S(NJ1,MI1) = SM4 * EL
190 CONTINUE
200 CONTINUE

INFLUENCE FUNCTIONS AT EACH COLUMN LOACTION
210 IF (NCOL.EQ.0) GO TO 390
DO 300 M = 1, NCOL
MI1 = MI1 + 1
CALL CALR1 (ROUT,N,J,OMEGA1,RCOL(M),ZECOL(M),R,GAM)
IF (R.LE.0.0) THEN

SM1 = 0.0
SM2 = 0.0
ELSE
SM1 = FUNCW (R)
SM2 = FUNCSL (ROUT,RCOL(M),R,GAM)
ENDIF
S(NJ,MI1) = SM1
S(NJ1,MI1) = SM2
300 CONTINUE :

390 CONTINUE
400 CONTINUE

FOR NODAL POINTS ON THE INNER BOUNDARY

IF (KCIR.EQ.0) GO TO 1000
DO 900 N = 1, NINN
EL = ELLE(1,N)
OMEGAl1 = EL/2./RINN
DO 890 J = 1, NELINN(N)
NJ =N +1
NJ1 = NJ1 +1
WRITE (LW,5000) NJ, NJ1

INFLUENCE FUNCTIONS ON EACH INTERVAL OF OUTER BOUNDARY
MI =0
MI1 = NRS1
DO 600 M = 1, NOUT
EL = ELLE(O,M)
OMEGA2 = EL/2./ROUT
DO 590 I = 1, NELOUT(M)
MI = MI +1
MI1 = MI1 + 1
CALL CALR (RINN,N,J,OMEGA1,ROUT,M,I,0OMEGA2,R,GAM)
IF (KOUT(M) - 1) 510, 520, 530

C FOR FREE EDGE : KOUT(-) = 0

510 SM1 = -FUNCV (ROUT,RINN,R,GAM)
SM2 = FUNCM (ROUT,RINN,R,GAM)
SM3 = -FUNCDV (ROUT,RINN,R,GAM)
SM4 = FUNCDM (ROUT,RINN,R,GAM)
GO TO 540

C FOR SIMPLE SUPPORT : KOUT(-) =1

520 SM1 = FUNCW (R)

59
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SM2 = FUNCM (ROUT,RINN,R,GAM)
SM3 = FUNCSL (RINN,ROUT,R,GAM)
SM4 = FUNCDM (ROUT,RINN,R,GAM)
GO TO 540
C FOR CLAMPED SUPPORT : KOUT(-) = 2
530 SM1 = FUNCW (R)
SM2 = -FUNCSL (ROUT,RINN,R,GAM)
SM3 = FUNCSL (RINN,ROUT,R,GAM)
SM4 = -FUNCDD (ROUT,RINN,R,GAM)
C
540 S(NJ,MI) = SM1 * EL
S(NJ,MI1) = SM2 * EL
S(NJ1,MI) = SM3 * EL
S(NJ1,MI1) = SM4 * EL
590 CONTINUE
600 CONTINUE
C

C INFLUENCE FUNCTIONS ON EACH INTERVAL OF INNER BOUNDARY
DO 700 M = 1, NINN
EL = ELLE(1,M)
OMEGA2 = EL/2./RINN
DO 690 I = 1, NELINN(M)
MI = MI +1
MI1 = MI1 + 1
CALL CALR (RINN,N,J,OMEGA1,RINN,M,I,OMEGA2,R,GAM)
IF (R.LE.0.0) THEN
BN = BNSERY (OMEGA2)
ELSE
CALL ALIMIT (GAM,OMEGA2,GAM1,GAM2)

BN1 = BNSERY (GAM1)
BN2 = BNSERY (GAM2)
ENDIF

IF (KINN(M) - 1) 610, 620, 630
C FOR FREE EDGE : KINN(-) = 0
610 IF (R.LE.0.0) THEN

SM1 = SPECV (OMEGA2) * 2. - 0.5
SM2 = -SPECM (RINN,OMEGA2,BN) ¥ 2.
SM3 = SPECDV (RINN,OMEGA2) * 2.
SM4 = -SPECDM (OMEGA2) * 2. - 0.5

ELSE
SM1 = SPECV (GAM2) -SPECV (GAM1)
SM2 = -SPECM (RINN,GAM2,BN2) +SPECM (RINN,GAM1,BN1)
SM3 = SPECDV (RINN,GAM2) -SPECDV (RINN,GAM1)
SM4 = -SPECDM (GAM2) +SPECDM (GAM1)

ENDIF
GO TO 640

C FOR SIMPLE SUPPORT : KINN(-) =1
620 IF (R.LE.0.0) THEN

SM1 = -SPECW (RINN,OMEGA2,BN) * 2.
SM2 = -SPECM (RINN,OMEGA2,BN) * 2.

SM3 = -SPECSL (RINN,OMEGA2,BN) * 2.

SM4 = -SPECDM (OMEGA2) * 2. - 0.5

ELSE

SM1 = -SPECW (RINN,GAM2,BN2) +SPECW (RINN,GAM1,BN1)
SM2 = -SPECM (RINN,GAM2,BN2) +SPECM (RINN,GAM1,BN1)
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SM3 = -SPECSL (RINN,GAM2,BN2) +SPECSL (RINN,GAM1,BN1)
SM4 = -SPECDM (GAM2) +SPECDM (GAM1)
ENDIF
GO TO 640
C FOR CLAMPED SUPPORT : KINN(-) = 2
630 IF (R.LE.0.0) THEN
SM1 = -SPECW (RINN,OMEGA2,BN) * 2.
SM2 = SPECSL (RINN,OMEGA2,BN) * 2.
SM3 = -SPECSL (RINN,OMEGA2,BN) * 2.
SM4 = SPECDD (RINN,OMEGA2) * 2.
ELSE
SM1 = -SPECW (RINN,GAM2,BN2) +SPECW (RINN,GAM1,BN1)
SM2 = SPECSL (RINN,GAM2,BN2) -SPECSL (RINN,GAM1,BN1)
SM3 = -SPECSL (RINN,GAM2,BN2) +SPECSL (RINN,GAM1,BN1)
SM4 = SPECDD (RINN,GAM2,BN2) -SPECDD (RINN,GAM1,BN1)
ENDIF
C
640 S(NJ,MI) = SM1
S(NJ,MI1) = SM2
S(NJ1,MI) = SM3
S(NJ1,MI1) = SM4
6390 CONTINUE
700 CONTINUE
c

C INFLUENCE FUNCTIONS AT EACH COLUMN LOACTION
IF (NCOL.EQ.0) GO TO 890
DO 800 M = 1, NCOL
MI1 = MI1 + 1
CALL CALR1 (RINN,N,J,OMEGA1,RCOL(M),ZECOL(M),R,GAM)
IF (R.LE.0,0) THEN

SM1 = 0.0

SM2 = 0.0
ELSE

SM1 = FUNCW (R)

SM2 = FUNCSL (RINN,RCOL(M),R,GAM)
ENDIF

c
S(NJ,MI1) = SM1
S(NJ1,MI1) = SM2
800 CONTINUE

890 CONTINUE
900 CONTINUE

FOR POINTS ON THE COLUMN LOCATIONS

Qa8

1000 IF (NCOL.EQ.0) GO TO 1500
DO 1400 N = 1, NCOL
NJ1 = NJ1 +1
WRITE (LW,5000) NJ1

C
C INFLUENCE FUNCTIONS ON EACH INTERVAL OF OUTER BOUNDARY
MI =0
MI1 = NRS1

DO 1100 M = 1, NOUT
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EL = ELLE(0,M)
OMEGA2 = EL/2./ROUT
DO 1090 I = 1, NELOUT(M)
MI = MI + 1
MI1 = MI1 + 1
CALL CALR1 (ROUT,M,I,OMEGA2,RCOL(N),ZECOL(N),R,GAM)
IF (R.LE.0.0) THEN
BN = BNSERY (OMEGA2)
ELSE IF (RCOL(N).EQ.ROUT) THEN
CALL ALIMIT (GAM,OMEGA2,GAM1,GAM2)
BN1 = BNSERY (GAM1)
BN2 = BNSERY (GAM2)
ELSE IF (RCOL(N).GT.0.0) THEN
ALP = ANGLE (0,M,I,OMEGA2)
ALP1 = ALP - OMEGA2
ALP2 = ALP + OMEGA2
CALL FNINTEG (RCOL(N),ZECOL(N),ROUT,ALP1,ALP2,RS1,RS2)
ENDIF
IF (KOUT(M) - 1) 1010, 1020, 1030
C FOR FREE EDGE : KOUT(-) = 0
1010 IF (R.LE.0.0) THEN
SM1 = -SPECV (OMEGA2) * 2. - 0.5
SM2 = SPECM (ROUT,OMEGA2,BN) * 2.
ELSE IF (RCOL(N).EQ.ROUT) THEN

SM1 = -SPECV (GAM2) +SPECV (GAM1)
SM2 = SPECM (ROUT,GAM2,BN2) -SPECM (ROUT,GAMI1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = -FUNCV (ROUT,RCOL(N),R,GAM) * EL
SM2 = FUNCM (ROUT,RCOL(N),R,GAM) * EL

ELSE
SM1 = -FINTV (RCOL(N),ZECOL(N),ROUT,RS1,RS2)
SM2 = FUNCM (ROUT,RCOL(N),R,GAM) * EL

ENDIF

GO TO 1040

C FOR SIMPLE SUPPORT : KOUT(-) = 1
1020 IF (R.LE.0.0) THEN

SM1 = SPECW (ROUT,OMEGA2,BN) * 2,

SMZ2 = SPECM (ROUT,OMEGAZ,BN) * 2.

ELSE IF (RCOL(N).EQ.ROUT) THEN
SM1 = SPECW (ROUT,GAM2,BN2) -SPECW (ROUT,GAM1,BN1)
SM2 = SPECM (ROUT,GAM2,BN2) -SPECM (ROUT,GAM1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = FUNCW (R) * EL
SM2 = FUNCM (ROUT,RCOL(N),R,GAM) * EL

ELSE
SM1 = FUNCW (R) * EL
SM2 = FUNCM (ROUT,RCOL(N),R,GAM) * EL

ENDIF
GO TO 1040

C FOR CLAMPED SUPPORT : KOUT(-) = 2
1030 IF (R.LE.0.0) THEN

SM1 = SPECW (ROUT,OMEGA2,BN) * 2.

SM2 = -SPECSL (ROUT,OMEGA2,BN) * 2.
ELSE IF (RCOL(N).EQ.ROUT) THEN

SM1 = SPECW (ROUT,GAM2,BN2) -SPECW (ROUT,GAM1,BN1)



&3

SM2 = -SPECSL (ROUT,GAM2,BN2) +SPECSL (ROUT,GAM1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = FUNCW (R) * EL
SM2 = -FUNCSL (ROUT,RCOL(N),R,GAM) * EL
ELSE
SM1 = FUNCW (R) * EL
SM2 = -FUNCSL (ROUT,RCOL(N),R,GAM) * EL
ENDIF
C
1040 S(NJ1,MI) = SM1
S(NJ1,MI1) = SM2
1090 CONTINUE
1100 CONTINUE
C

C INFLUENCE FUNCTIONS ON EACH INTERVAL OF INNER BOUNDARY
IF (KCIR.EQ.0) GO TO 1210
DO 1200 M = 1, NINN
EL = ELLE(1,M)
OMEGAZ = EL/2./RINN
DO 1190 I = 1, NELINN(M)
MI = MI + 1
MI1 = MI1 + 1
CALL CALRY (RINN,M,I,OMEGA2,RCOL(N),ZECOL(N),R,GAM)
IF (R.LE.0,0) THEN
BN = BNSERY (OMEGA2)
ELSE IF (RCOL(N).EQ.RINN) THEN
CALL ALIMIT (GAM,OMEGA2,GAM1,GAM2)
BN1 = BNSERY (GAM1)
BN2 = BNSERY (GAM2)
ELSE IF (RCOL(N).GT.0.0) THEN
ALP = ANGLE (1,M,I,OMEGA2)
ALP1 = ALP - OMEGA2
ALPZ2 = ALP + OMEGA2
CALL FNINTEG (RCOL(N), ZECOL(N) RINN,ALP1,ALP2,RS1,RS2)
ENDIF
IF (KINN(M) - 1) 1110, 1120, 1130
C FOR FREE EDGE : KINN(-) =
1110 IF (R.LE.0.0) THEN

SM1 = SPECV (OMEGA2) * 2. - 0.5
SM2 = -SPECM (RINN,OMEGA2,BN) * 2.
ELSE IF (RCOL(N).EQ.RINN) THEN
SM1 = SPECV (GAM2) -SPECV (GAM1)
SM2 = -SPECM (RINN,GAM2,BN2) +SPECM (RINN,GAM1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = FUNCV (RINN,RCOL(N),R,GAM) * EL
SM2 = -FUNCM (RINN,RCOL(N),R,GAM) * EL
ELSE
SM1 = FINTV (RCOL(N),ZECOL(N),RINN,RS1,RS2)
SM2 = -FUNCM (RINN,RCOL(N),R,GAM) * EL
ENDIF
GO TO 1140
C FOR SIMPLE SUPPORT : KINN(-) =
1120 IF (R.LE.0.0) THEN

SM1 = -SPECW (RINN,OMEGA2,BN) * 2.
SM2 = -SPECM (RINN,OMEGA2,BN) * 2.
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ELSE IF (RCOL(N).EQ.RINN) THEN
SM1 = -SPECW (RINN,GAM2,BN2) +SPECW (RINN,GAM1,BN1)
SM2 = -SPECM (RINN,GAM2,BN2) +SPECM (RINN,GAM1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = -FUNCW (R) * EL :
SM2 = -FUNCM (RINN,RCOL(N),R,GAM) * EL
ELSE
SM1 = -FUNCW (R) * EL
SM2 = -FUNCM (RINN,RCOL(N),R,GAM) * EL
ENDIF
GO TO 1140
C FOR CLAMPED SUPPORT : KINN(-) = 2
1130 IF (R.LE.0.0) THEN
SM1 = -SPECW (RINN,OMEGA2,BN) * 2,
SM2 = SPECSL (RINN,OMEGA2,BN) ¥ 2,
ELSE IF (RCOL(N).EQ.RINN) THEN
SM1 = -SPECW (RINN,GAM2,BN2) +SPECW (RINN,GAM1,BN1)
SM2 = SPECSL (RINN,GAM2,BN2) -SPECSL (RINN,GAM1,BN1)
ELSE IF (RCOL(N).EQ.0.0) THEN
SM1 = -FUNCW (R) * EL
SM2 = FUNCSL (RINN,RCOL(N),R,GAM) * EL
ELSE
SM1 = -FUNCW (R) * EL
SM2 = FUNCSL (RINN,RCOL(N),R,GAM) * EL
ENDIF
C
1140 S(NJ1,MI) = SM1
S(NJ1,MI1) = SM2
1190 CONTINUE

1200 CONTINUE
c
C INFLUENCE FUNCTIO
1210 DO 1300 M =
MI1 = MI
CALL CAL
IF (R.LE
SM1 = 0
ELSE
SM1 = F
ENDIF
C
S(NJ1,MI1
1300 CONTINUE
1400 CONTINUE
C
1500 RETURN
END
CHxkkkkkkkkkkkkkkkkk

C GENERATE OF LOAD
CHrkxkxkkkkkkkkkkkk
SUBROUTINE GEN
¢
IMPLICIT REAL%*
DIMENSION Q(1)
COMMON /LIO/ L

NS AT EACH COLUMN LOACTION
1, NCOL
1+1
R2 (RCOL(N),ZECOL(N),RCOL(M),ZECOL(M),R,GAM)
.0.0) THEN
.0

UNCW (R)

) = SM1

kkkkkokkkkkokkkkkkkkkkokkkokk
VECTOR

R R il
LD (Q,NRS1)
8(A-H,0-Z)

R,LW,LC,LM
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COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /BOUND/ NOUT,NINN,KOUT(10),KINN(10),GAMM(10),BETA(10),
* NELOUT(10) ,NELINN(10),NCOL,RCOL(10),ZECOL(10)
COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)

C
NI =0
NJ1 = NRS1
C :
C FOR INTERVALS OF THE OUTER BOUNDARY
C

DO 50 N = 1, NOUT
EL = ELLE(O,N)
OMEGA1 = EL/2./ROUT
DO 40 J = 1, NELOUT(N)
NJ =N +1
NJ1 = NJ1 + 1
Q(NJ) = 0
Q(NJ1) = 0
WRITE (LW,1000) NJ, NJ1
1000 FORMAT (215)
C FOR CONCENTRATED LOADS
IF (NPT.LE.O) GO TO 20
DO 10 K = 1, NPT
CALL CALR1 (ROUT,N,J,OMEGA1,PRHO(K),PANG(K),R,GAM)
IF (R.LE.0.0) GO TO 10
Q(NJ) Q(NJ) - FUNCW (R) * PLOAD(K)
Q(NJ1) = Q(NJ1) - FUNCSL (ROUT,PRHO(K),R,GAM) * PLOAD(K)
10 CONTINUE
C FOR UNIFORMLY DISTRIBUTED LOAD
20 IF (UNIF.EQ.0) GO TO 40
Q(NJ) Q(NJ) - FUNCQ (ROUT)
Q(NJ1) = Q(NJ1) - FUNCDQ (ROUT)
40 CONTINUE
50 CONTINUE

FOR INTERVALS OF THE INNER BOUNDARY

(o 2 R o)

IF (KCIR.EQ.0) GO TO 110
DO 100 N = 1, NINN
EL = ELLE (1,N)
OMEGA1 = EL/2./RINN
DO 90 1, NELINN(N)

" S

Q(NJ1) = 0.
WRITE (LW,1000) NJ, NJ1
C FOR CONCENTRATED LOADS

IF (NPT.LE.O) GO TO 70

DO 60 K = 1, NPT
CALL CALR1 (RINN,N,J,OMEGA1,PRHO(K),PANG(K),R,GAM)
IF (R.LE.0.0) GO TO 60
Q(NJ) = Q(NJ) - FUNCW (R) * PLOAD(K)
Q(NJ1) = Q(NJ1) - FUNCSL (RINN,PRHO(K),R,GAM) * PLOAD(K)

60 CONTINUE



C FOR UNIFORMLY DISTRIBUTED LOAD

C

70

90
100

IF (UNIF.EQ.0) GO TO 90
Q(NJ) = Q(NJ) - FUNCQ (RINN)
Q(NJ1) = Q(NJ1) - FUNCDQ (RINN)
CONTINUE
CONTINUE

C FOR COLUMN LOCATIONS

C

110

IF (NCOL.EQ.0) GO TO 300
DO 200 N = 1, NCOL

NJ1 = NJ1 + 1

Q(NJ1) = 0.
WRITE (LW,1000) NJ1

C FOR CONCENTRATED LOADS

190

DO 190 K = 1, NPT
CALL CALR2 (PRHO(K),PANG(K),RCOL(K),ZECOL(K),R,GAM)
IF (R.LE.0.0) GO TO 190
Q(NJ1) = Q(NJ1) - FUNCW (R) * PLOAD(K)
CONTINUE

C FOR UNIFORMLY DISTRIBUTED LOAD

c

200

300

IF (UNIF.EQ.0.0) GO TO 200
Q(NJ1) = Q(NJ1) - FUNCQ (RCOL(N))
CONTINUE

RETURN
END

CHiFkkkkkkkkiokkkkkkkkkkdokkkkkkkkkkkkkkkkkkx

C RESULTS FOR EACH RADIUS DIRECTION
CHxkxkxkkkbkkkkiokkkkkkkkkkkckkkkkkkkkkkrkfkkx

C

100

SUBROUTINE RESULT (Q,WD,IW,KD,NRS1)

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION Q(1),WD(KD,1),W(8)

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /DISP/ KW,WDIR(20),KP,KWPT,WRHO(30),WANG(30)

IF (KCIR.EQ.0) THEN

RIN = 0.0
ELSE

RIN = RINN
ENDIF

DO 20 L = 1, KP
WRITE (1,100) L
FORMAT (5X,I5)
IF (L.EQ.1) THEN ~
RDIR = RIN + (ROUT-RIN)/100.
ELSE IF (L.EQ.KP) THEN

RDIR = ROUT - (ROUT-RIN)/100.
ELSE ,

RDIR = RIN + (ROUT-RIN)*(L-1.)/(KP-1)
ENDIF

CALL CALW (Q,RDIR,WDIR(IW),NRS1,W)
DO 10 N =1, 8
WD(L,N) = W(N)
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10 CONTINUE
20 CONTINUE

RETURN
END
CHekkkkkkkkirkRikkrpkkkkkkikkiihikkkrrhrkrk
C RESULTS FOR EACH LOCATION INSIDE DOMAIN
Cr¥kkkkkkkkkikkikrippikkirkkkrirkkrrkrk
SUBROUTINE RESULT1 (Q,WD,KD,NRS1)
C
IMPLICIT REAL*8(A-H,0-2)
DIMENSION Q(1),WD(KD,1),W(8)
COMMON /DISP/ KW,WDIR(20),KP,KWPT,WRHO(30),WANG(30)

DO 20 L = 1, KWPT
WRITE (1,100) L
100 FORMAT (5X,I5)
CALL CALW (Q,WRHO(L),WANG(L),NRS1,W)
DO 10 N=1, 8
WD(L,N) = W(N)
10 CONTINUE
20 CONTINUE

RETURN

END
Ckkkkkkkkkkkkkokkkkkokkokkkkokkkfkkkk kb okkkkkkkkdrkkkkokkk
C SUBPROGRAM FOR SOLVING RESULTS
C OF EACH RADIUS DIRECTIONS OR ARBITRARY LOCATIONS
(L2232 23233 2322323322222 22L223222222LILL2L2 LIS SRS

SUBROUTINE CALW (Q,RHO,ZETA,NRS1,W)
C

IMPLICIT REAL*8(A-H,0-Z)

DIMENSION Q(1),W(1),SM(16)

COMMON /LIO/ LR,LW,LC,LM

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /BOUND/ NOUT,NINN,KOUT(10),KINN(10),GAMM(10),BETA(10),

% NELOUT(10),NELINN(10),NCOL,RCOL(10),ZECOL(10)

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)

D0o11=1,8
W(I) = 0.0
1 CONTINUE
c
C RESULT DUE TO EACH INTERVAL ON THE OUTER BOUNDARY
MI1 =0
MI2 = NRS1
DO 20 M = 1, NOUT
EL = ELLE (0,M)
DO 10 I = 1, NELOUT(M)
MI1 = MI1 + 1
MI2 = MI2 + 1
CALL PBOUND (O,M,I,RHO,ZETA,SM)
DO5J =1, 8
I1 = 2%J - 1



5 CONTINUE

I2 = 2%J
W(J) = W(J) + Q(MI1)*SM(I1) + Q(MI2)*SM(I2)

10 CONTINUE

20 CONTINUE
C

C RESULT DUE TO EACH INTERVAL ON THE INNER BOUNDARY
IF (KCIR.EQ.0) GO TO 50
DO 40 M = 1, NINN
EL = ELLE (1,M)
DO 30 I = 1, NELINN(M)
MI1 + 1

MI1
MI2

DO 25J =1, 8

I1 =

I2 =
25 CONTINUE
30 CONTINUE

40 CONTINUE

W(J) = W(J) + Q(MI1)*SM(I1) + Q(MI2)*SM(I2)

C RESULT DUE TO COLUMN REACTIONS
50 IF (NCOL.EQ.0) GO TO 70

DO 60 M = 1, NCOL

MI2 = MI2 + 1
CALL CALR2 (RCOL(M),ZECOL(M),RHO,ZETA,R,GAM)
IF (R.LE.0.0) GO TO 60

W(1)
W(2)
W(3)
W(4)
W(5)
W(6)
W(T7)
W(8)
60 CONTINUE

c

W(1)
W(2)
W(3)
W(4)
W(5)
W(6)
W(7)
W(s8)

+ + + + + +

+ +

Q(MI2)*FUNCW (R)

Q(MI2)*FUNCM1A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCM2A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCM3A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCQ1A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCV1A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCQ2A (RCOL(M),RHO,R,GAM)
Q(MI2)*FUNCV2A (RCOL(M),RHO,R,GAM)

C RESULT DUE TO CONCENTRATED LOADS
70 IF (NPT.EQ.0) GO TO 90
DO 80 K = 1, NPT
CALL CALR2 (PRHO(K),PANG(K),RHO,ZETA,R,GAM)
IF (R.LE.0.0) GO TO 80

W(1)
W(2)
W(3)
W(4)
W(5)
W(6)
W(7)
w(8)
80 CONTINUE

C

W(1)
W(2)
W(3)
W(4)
W(5)
W(6)
W(7)
W(8)

+

+ + 4+ + + + +

PLOAD(K)*FUNCW (R)

PLOAD(K)*FUNCM1A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCM2A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCM3A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCQ1A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCV1A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCQ2A (PRHO(K),RHO,R,GAM)
PLOAD(K)*FUNCV2A (PRHO(K),RHO,R,GAM)

C RESULT DUE TO UNIFORM LOAD
90 IF (UNIF.EQ.0.0) GO TO 91
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W(1)
W(2)
W(3)
W(5)
W(6)
£
C RESULTS

69

W(1)
W(2)
W(3)
W(5)
W(6)

FUNCQ (RHO)

FUNCQM1 (RHO)
FUNCQM2 (RHO)
FUNCQQ1 (RHO)
FUNCQV1 (RHO)

+ + + + +

AT THE BOUNDARY OF PLATES

91 IF (RHO.EQ.ROUT) THEN
DO 95 I = 1, NOUT

92

94

IF (KOUT(I).NE.0) GO TO 95
IF (I.EQ.NOUT) THEN
P2 = DABS(2.*PI-ZETA)
IF (P2.LE.0.00001) IP = O
IF (IP.EQ.0.AND.KOUT(1).EQ.0) GO TO 92
IF (ZETA.EQ.GAMM(I).AND.KOUT(I-1).EQ.0) GO TO 92
IF (ZETA.LT.GAMM(I)) GO TO 95
ELSE
IF (ZETA.EQ.0.0.AND.KOUT(NOUT).EQ.0) GO TO 92
IF (ZETA.EQ.GAMM(I).AND.KOUT(I-1).EQ.0) GO TO 92
IF (ZETA.EQ.GAMM(I+1).AND.KOUT(I+1).EQ.0) GO TO 92
IF (ZETA.LT.GAMM(I).OR.ZETA.GT.GAMM(I+1)) GO TO 95
ENDIF
DO 94 N
W(N)
CONTINUE
GO TO 100

2.%W(N)

95 CONTINUE

ELSE

IF (KCIR.EQ.0) GO TO 100
IF (RHO.NE.RINN) GO TO 100
DO 99 I = 1, NINN

96

98

IF (KINN(I).NE.0) GO TO 99
IF (1.EQ.NINN) THEN
P2 = DABS(2.*PI-ZETA)
IF (P2.LE.0.00001) IP = O,
IF (IP.EQ.0.AND.KINN(1).EQ.0) GO TO 96
IF (ZETA.EQ.BETA(I).AND.KINN(I-1).EQ.0) GO TO 96
IF (ZETA.LT.BETA(I)) GO TO 99
ELSE
IF (ZETA.EQ.0.0.AND.KINN(NINN).EQ.0) GO TO 96
IF (ZETA.EQ.BETA(I).AND.KINN(I-1).EQ.0) GO TO 96
IF (ZETA.EQ.BETA(I+1).AND.KINN(I+1).EQ.0) GO TO 96
IF (ZETA.LT.BETA(I).OR.ZETA.GT.BETA(I+1)) GO TO 99
ENDIF
DO 98 N
W(N)
CONTINUE
GO TO 100

2.¥W(N)

99 CONTINUE
ENDIF

C

100 RETURN

END



C*****************************************************
C FIND DEFLECTION AND STRESS RESULTANTS .
C AT EACH LOCATION DUE TO EACH BOUNDARY INTERVAL
C*****************************************************
SUBROUTINE PBOUND (ID,M,I,RHO,ZET,SM)
C
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION SM(1)
COMMON /ANNULAR/ KCIR,ROUT,RINN
COMMON /BOUND/ NOUT, NINN,KOUT(10),KINN(10),GAMM(10),BETA(10),
* NELOUT(10),NELINN(10),NCOL,RCOL(10),ZECOL(10)

EL = ELLE(ID,M)
IF (ID.EQ.0) THEN
R1 = ROUT
KTYPE = KOUT(M)
ELSE
R1 = RINN
KTYPE = KINN(M)
ENDIF
OMEGA = EL/2./R1
CALL CALR1 (R1,M,I,OMEGA,RHO,ZET,R,GAM)
IF (R.LE.0.0) THEN
BN = BNSERY (OMEGA)
ELSE IF (RHO.EQ.R1) THEN
CALL ALIMIT (GAM,OMEGA,GAMI1,GAM2)
BN1 = BNSERY (GAM1)
BNZ2 = BNSERY (GAM2)
ELSE IF (RHO.GT.0.0) THEN
ALP = ANGLE (ID,M,I,OMEGA)
ALP1 = ALP - OMEGA
ALPZ = ALP + OMEGA
CALL FNINTEG1 (RHO,ZET,R1,ALP1,ALP2,RS1,RS2)
CALL FNINTEG2 (RHO,ZET,R1,ALP1,ALP2,RS1,RS2)
ENDIF
IF (KTYPE - 1) 10, 20, 30

C
C FOR FREE EDGE : KTYPE = 0
10 IF (RHO.LE.0.0) THEN

SM(1) = -FUNCV (R1,RHO,R,GAM) * EL

SM(2) = FUNCM (R1,RHO,R,GAM) ¥ EL

SM(3) = -FUNCM1D (R1,RHO,R,GAM) * EL
SM(4) = FUNCM1C (R1,RHO,R,GAM) * EL
SM(5) = -FUNCM2D (R1,RHO,R,GAM) * EL
SM(6) = FUNCM2C (R1,RHO,R,GAM) * EL
SM(7) = -FUNCM3D (R1,RHO,R,GAM) * EL
SM(8) = FUNCM3C (R1,RHO,R,GAM) * EL
SM(9) = -FUNCQ1D (R1,RHO,R,GAM) * EL
SM(10)= FUNCQ1C (R1,RHO,R,GAM) * EL
SM(11)= -FUNCV1D (R1,RHO,R,GAM) * EL
SM(12)= FUNCV1C (R1,RHO,R,GAM) * EL
SM(13)= -FUNCQ2D (R1,RHO,R,GAM) * EL
SM(14)= FUNCQ2C (R1,RHO,R,GAM) ¥ EL
SM(15)= -FUNCV2D (R1,RHO,R,GAM) * EL
SM(16)= FUNCV2C (R1,RHO,R,GAM) * EL



ELSE
SM(1) = -FINTV (RHO,ZET,R1,RS1,RS2)
SM(2) = FUNCM (R1,RHO,R,GAM) * EL
SM(3) = -FINTM1D (RHO,ZET,R1,RS1,RS2)
SM(4) = FINTMIC (RHO,ZET,R1,RS1,RS2)
SM(5) = -FINTM2D (RHO,ZET,R1,RS1,RS2)
SM(6) = FINTM2C (RHO,ZET,R1,RS1,RS2)
SM(7) = -FINTM3D (RHO, ZET,R1,RS1,RS2)
SM(8) = FINTM3C (RHO,ZET,R1,RS1,RS2)
SM(9) = -FINTQ1D (RHO,ZET,R1,RS1,RS2)
SM(10)= FINTQIC (RHO,ZET,R1,RS1,RS2)
SM(11)= -FINTV1D (RHO,ZET,R1,RS1,RS2)
SM(12)= FINTVIC (RHO,ZET,R1,RS1,RS2)
SM(13)= -FINTQ2D (RHO,ZET,R1,RS1,RS2)
SM(14)= FINTQ2C (RHO,ZET,R1,RS1,RS2)
SM(15)= -FINTV2D (RHO,ZET,R1,RS1,RS2)
SM(16)= FINTV2C (RHO,ZET,R1,RS1,RS2)

ENDIF

GO TO 40

71

C FOR SIMPLE SUPPORT : KTYPE = 1
20 IF (RHO.LE.0.0) THEN

SM(1) = FUNCW (R) * EL

SM(2) = FUNCM (R1,RHO,R,GAM) * EL
SM(3) = FUNCM1A (R1,RHO,R,GAM) * EL
SM(4) = FUNCMIC (R1,RHO,R,GAM) * EL
SM(5) = FUNCM2A (R1,RHO,R,GAM) * EL
SM(6) = FUNCM2C (R1,RHO,R,GAM) * EL
SM(7) = FUNCM3A (R1,RHO,R,GAM) * EL
SM(8) = FUNCM3C (R1,RHO,R,GAM) * EL
SM(9) = FUNCQ1A (R1,RHO,R,GAM) * EL
SM(10)= FUNCQIC (R1,RHO,R,GAM) * EL
SM(11)= FUNCV1A (R1,RHO,R,GAM) * EL
SM(12)= FUNCVIC (R1,RHO,R,GAM) * EL
SM(13)= FUNCQ2A (R1,RHO,R,GAM) * EL
SM(14)= FUNCQ2C (R1,RHO,R,GAM) * EL
SM(15)= FUNCV2A (R1,RHO,R,GAM) * EL
SM(16)= FUNCV2C (R1,RHO,R,GAM) * EL

ELSE

SM(1) = FUNCW (R) * EL

SM(2) = FUNCM (R1,RHO,R,GAM) * EL
SM(3) = FUNCM1A (R1,RHO,R,GAM) ¥ EL
SM(4) = FINTMIC (RHO,ZET,R1,RS1,RS2)
SM(5) = FUNCM2A (R1,RHO,R,GAM) * EL
SM(6) = FINTM2C (RHO,ZET,R1,RS1,RS2)
SM(7) = FINTM3A (RHO,ZET,R1,RS1,RS2)
SM(8) = FINTM3C (RHO,ZET,R1,RS1,RS2)
SM(9) = FINTQlA (RHO,ZET,R1,RS1,RS2)
SM(10)= FINTQIC (RHO,ZET,R1,RS1,RS2)
SM(11)= FINTV1A (RHO,ZET,R1,RS1,RS2)
SM(12)= FINTVIC (RHO,ZET,R1,RS1,RS2)
SM(13)= FINTQ2A (RHO,ZET,R1,RS1,RS2)
SM(14)= FINTQ2C (RHO,ZET,R1,RS1,RS2)
SM(15)= FINTV2A (RHO,ZET,R1,RS1,RS2)
SM(16)= FINTV2C (RHO,ZET,R1,RS1,RS2)



GO TO 40

C FOR CLAMPED SUPPORT :

KTYPE = 2

30 IF (RHO.LE.0.0) THEN

T2

SM(1) = FUNCW (R) * EL
SM(2) = -FUNCSL (R1,RHO,R,GAM) * EL
SM(3) = FUNCM1A (R1,RHO,R,GAM) * EL
SM(4) = -FUNCM1B (R1,RHO,R,GAM) * EL
SM(5) = FUNCM2A (R1,RHO,R,GAM) * EL
SM(6) = -FUNCM2B (R1,RHO,R,GAM) * EL
SM(7) = FUNCM3A (R1,RHO,R,GAM) * EL
SM(8) = -FUNCM3B (R1,RHO,R,GAM) * EL
SM(9) = FUNCQ1A (R1,RHO,R,GAM) * EL
SM(10)= -FUNCQ1B (R1,RHO,R,GAM) * EL
SM(11)= FUNCV1A (R1,RHO,R,GAM) * EL
SM(12)= -FUNCV1B (R1,RHO,R,GAM) * EL
SM(13)= FUNCQ2A (R1,RHO,R,GAM) * EL
SM(14)= -FUNCQ2B (R1,RHO,R,GAM) * EL
SM(15)= FUNCV2A (R1,RHO,R,GAM) * EL
SM(16)= -FUNCV2B (R1,RHO,R,GAM) * EL
ELSE '
SM(1) = FUNCW (R) * EL
SM(2) = -FUNCSL (R1,RHO,R,GAM) * EL
SM(3) = FUNCM1A (R1,RHO,R,GAM) * EL
SM(4) = -FINTM1B (RHO,ZET,R1,RS1,RS2)
SM(5) = FUNCM2A (R1,RHO,R,GAM) * EL
SM(6) = -FINTM2B (RHO,ZET,R1,RS1,RS2)
SM(7) = FINTM3A (RHO,ZET,R1,RS1,RS2)
SM(8) = -FINTM3B (RHO,ZET,R1,RS1,RS2)
SM(9) = FINTQ1A (RHO,ZET,R1,RS1,RS2)
SM(10)= -FINTQLB (RHO,ZET,R1,RS1,RS2)
SM(11)= FINTV1A (RHO,ZET,R1,RS1,RS2)
SM(12)= -FINTV1B (RHO,ZET,R1,RS1,RS2)
SM(13)= FINTQ2A (RHO,ZET,R1,RS1,RS2)
SM(14)= -FINTQ2B (RHO,ZET,R1,RS1,RS2)
SM(15)= FINTV2A (RHO,ZET,R1,RS1,RS2)
SM(16)= -FINTV2B (RHO,ZET,R1,RS1,RS2)
ENDIF
C
40 IF (ID.EQ.0) GO TO 50
DO 45 J =1, 16
SM(J) = -SM(J)
45 CONTINUE
C
50 RETURN
END

CRFxFkkkkbkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkdkkkkk

C FIND ELEMENT LENGTH
ChEkkkkkkkkkikdkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
FUNCTION ELLE (ID,M)
c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /ANNULAR/ KCIR ROUT,RINN
COMMON /BOUND/ NOUT,NINN KOUT(10) KINN(10), GAMM(IO) BETA(10),
¥ NELOUT(lO) NELINN(10),NCOL,RCOL(10),ZECOL(10)
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¢
IF (ID.NE.O) GO TO 10
IF (M.EQ.NOUT) THEN ;
ELLE = (2.%PI - GAMM(M)) / NELOUT(M) * ROUT
ELSE
ELLE = (GAMM(M+1) - GAMM(M)) / NELOUT(M) * ROUT
ENDIF
RETURN
G
10 IF (M.EQ.NINN) THEN
ELLE = (2.%PI - BETA(M)) / NELINN(M) * RINN
ELSE
ELLE = (BETA(M+1) - BETA(M)) / NELINN(M) * RINN
ENDIF
RETURN
C
END

ChekxkrkiRkkikrkkkiRkinckk bRk kR kokk
C FIND DISTANCE "R" BETWEEN 2 POINTS AT BOUNDARY
Chrxkkkskkirkkkkikikoibkkiikrikiokrkrkkkkkrk

SUBROUTINE CALR (R1,N,J,OMEGA1,R2,M,I,OMEGA2,R,GAM)
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /ANNULAR/ KCIR,ROUT,RINN

IF (R1.EQ.R2.AND.N.EQ.M.AND.J.EQ.I) GO TO 10

ID1 = 0

IF (R1.EQ.RINN) ID1 =1

ZETA = ANGLE (ID1,N,J,OMEGA1)

ID2 = 0

IF (R2.EQ.RINN) ID2 =1

ALPHA = ANGLE (I1D2,M,I,OMEGA2)

GAM = ALPHA - ZETA

TEMP = R1*R1 + R2*R2 - 2.*R1¥R2*DCOS(GAM)

IF (TEMP.LE.0.000001) TEMP = 0.0

R = DSQRT (TEMP)

RETURN
C

10 R = 0.0

RETURN

END
C******************************************************
C FIND DISTANCE "R" BETWEEN ANY POINT TO NODAL POINT
C******************************************************

SUBROUTINE CALR1 (R1,N,J,OMEGA1,R2,ZETA,R,GAM)
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /ANNULAR/ KCIR,ROUT,RINN

ID1 = 0

IF (R1.EQ.RINN) ID1 =1

ALPHA = ANGLE (ID1,N,J,OMEGA1)

GAM = ALPHA - ZETA

TEMP = R1*R1 + R2*%R2 - 2.*R1¥R2*DCOS(GAM)
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IF (TEMP.LE.0.000001) TEMP = 0.0

R = DSQRT (TEMP)

RETURN
C

END
e T T ettt T —
C FIND DISTANCE "R" BETWEEN TWO POINT
CRERRRRRRRFRRRRRRRRRIRRRF R KRR RR KRR RRRR KRRk kKK

SUBROUTINE CALR2 (R1,ALPHA,R2,ZETA,R,GAM)
C

IMPLICIT REAL*8(A-H,0-Z)
C

GAM = ALPHA - ZETA

TEMP = R1*R1 + R2¥R2 - 2.¥R1*R2*DCOS (GAM)

IF (TEMP.LE.0.000001) TEMP = 0.0

R = DSQRT (TEMP)

RETURN
C

END
O S L T T T T T e
C FIND LOCATION OF ELEMENT
e L 2 2 T TS P

FUNCTION ANGLE (ID,M,I,OME)

C
IMPLICIT REAL*8(A-H,0-2)
COMMON /BOUND/ NOUT, NINN,KOUT(10),KINN(10),GAMM(10),BETA(10),
* NELOUT(lO),NELINN(lO),NCOL,RCOL(]O),ZECOL(IO)
C
IF (ID.NE.O) GO TO 10
C
ANGLE = GAMM(M) + 2.%QOME*(I-0.5)
RETURN
C
10 ANGLE = BETA(M) + 2.%OME*(I-0.5)
RETURN
C
END

R T e e P et i L
C FIND INFLUENCED FUNCTIONS OF VIRTUAL SYSTEM
C **W,M,V,dW/dn,dSL/dn,dM/dn,dV/dn**
CHERFXRFRRRRRRKKKRRKK KR KKK ERKKRRRRRRRRKE KRR
C FUNCTION OF DEFLECTION

FUNCTION FUNCW (R)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
FUNCW = R*R*DLOG(R) /8./PI/RIGID
RETURN
END

CHtttttttttttttttttttttii+44
C FUNCTION OF SLOPE

FUNCTION FUNCSL (XI,RHO,R,GR)
C

IMPLICIT REAL*8(A-H,0-Z)



COMMON /CONST/ PR,PI,RIGID

FUNCSL = (1.+2.*DLOG(R)) * (XI-RHO*DCOS(GR)) /8./PI/RIGID
RETURN
END
CHt++++t++++t+t+ttttttttitttttt
C FUNCTION OF DERIVATIVE OF SLOPE
FUNCTION FUNCDD (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-7)
COMMON /CONST/ PR,PI,RIGID
c
FUNCDD = (-1.%(1.+2.%DLOG(R))*DCOS(GR) + 2.*(RHO-XI*DCOS(GR))
* *(XI-RHO*DCOS(GR) ) /R**2) /8./PI/RIGID
RETURN
END

CHt+ttt+tttttttttttttttttttt
C FUNCTION OF NORMAL MOMENT
FUNCTION FUNCM (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-1)
COMMON /CONST/ PR,PI,RIGID
C :
FUNCM = -1.%((1.+PR)*(1.+2.*%DLOG(R)) + 2.*(XI-RHO*DCOS(GR))**2
* /R¥¥2 + 2, %PR¥RHO**2*%DSIN(GR)**2/R¥¥2) /8./PI
RETURN
END

CH+tttttttttttttttttttttttststs
C FUNCTION OF DERIVATIVE OF NORMAL MOMENT
FUNCTION FUNCDM (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID
c
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)

FUNCDM = -1. ¥ (CCR*(R**2%(14PR)/2. - CCX*¥¥2) + CCX*(PR*RHO*XI -

* *DSIN(GR)*%2 - R¥*2*¥DCOS(GR))) /2./PI/R¥*4
RETURN
END )
C++++++++++++++++++4++4+444444444
C FUNCTION OF NORMAL KIRCHHOFF’S SHEAR
FUNCTION FUNCV (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
FUNCV = -1.%((XI-RHO*DCOS(GR))*(1.+(1.-PR)*RHO*DCOS(GR)/2./XI)
* 3 (1.—PR)*RHO**Z*DSIN(GR)**Z*(RHO**Z-XI**Z)/Z./XI/R**Z)
* /2./PI1/R¥¥2
RETURN
END

CHt++tttttttttttttttttttttittt
C FUNCTION OF DERIVATIVE OF NORMAL CIRCHHOFF’S SHEAR
FUNCTION FUNCDV (XI,RHO,R,GR)

75
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IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCDV = (R*¥2*DCOS(GR) + 2.*CCR*CCX - RHO* (1-PR)*CCX* (2. ¥RHO**2

* ¥DSIN(GR)*¥2/R¥*2 - DCOS(GR)**2) + (1.-PR)/2.%(DCOS(GR)
* - 2.,%RHO*XI*DSIN(GR)*%2/R**2)*(RHO*RHO - XI*XI))

¥ /2./PI1/R¥¥4

RETURN

END

C********************************************************

C FIND INTEGRATION OF INFLUENCED FUNCTIONS
C WHEN THE VIRTUAL LOAD IS ON THE SAME BOUNDARY
C FINC INFLUENCED **W,M,V,dW/dn,dSL/dn,dM/dn,dV/dn**
C********************************************************
C INTEGRAL FUNCTION OF DEFLECTION :
FUNCTION SPECW (A,OME,BN)
C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

C DEL = DABS(OME-PI)
DEL1 = DABS(OME)
IF (DEL1.LE.0.000001) THEN

SPECW = 0.0
C ELSE IF (DEL.LE.0.000001) THEN
C SPECW = A**3%(-2.%PI1/A/A - PI + BN) /8./PI/RIGID
ELSE
SPECW = A¥*3%((OME-DSIN(OME)) * (DLOG(Z.*A**Z*(l.—DCOS(OME)))
* - 1.) + BN) /8./PI/RIGID
ENDIF
RETURN
END

CHt+++t++tttttttdttittttittitititttttdddiissd
C INTEGRAL FUNCTION OF SLOPE

FUNCTION SPECSL (A,OME,BN)
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

C DEL = DABS(OME-PI)
DEL1 = DABS(OME)
IF (DEL1.LE.0.000001) THEN
SPECSL = 0.0
C ELSE IF (DEL.LE.0.000001) THEN
C SPECSL = A*¥2%(-2.*%PI/A/A + BN) /8./P1/RIGID
ELSE
SPECSL = A¥¥2%((OME-DSIN(OME)) * (DLOG(Z.*A**Z*(I.—DCOS(OME))))
* + BN) /8./PI/RIGID
ENDIF
RETURN
END



CHtttttttttttttttttttttttttttttttttttttttttttt
C INTEGRAL FUNCTION OF DERIVATIVE OF SLOPE
FUNCTION SPECDD (A,OME)

C

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

C DEL = DABS(OME-PI)

DEL1 = DA

BS(OME)

IF (DEL1.LE.0.000001) THEN

SPECDD =

0.0

C ELSE IF (DEL.LE.0.000001) THEN

C SPECDD =
ELSE
SPECDD =
*
ENDIF
RETURN
END

A/4./RIGID

7

A%(2.*OME - DSIN(OME)*(1.+DLOG(2.*A**2%(1,-DCOS(OME)))))

/8./PI/RIGID

CH+ttt++tttttttttttttttttttttitttetttttdtts

C INTEGRAL FUN

CTION OF NORMAL MOMENT

FUNCTION SPECM (A,OME,BN)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

BS(OME)
LE.0.000001) THEN

C
C
C DEL = DABS(OME-PI)
DEL1 = DA
IF (DEL1.
SPECM =

0.0

C ELSE IF (DEL.LE.0.000001) THEN

C SPECM =
ELSE
SPECM =
w
ENDIF
RETURN
END
Ctt+++++++++++++

C INTEGRAL FUNCTION OF DERIVATIVE OF NORMAL MOMENT

A*¥(1.+PR)*(2.*PI/A/A - BN) /8./P1

-1.%A%((1.4PR) * (OME*DLOG(2.*A**2%(1,-DCOS(OME))) + BN)

- (1.-PR)*DSIN(OME)) /8./PI

tHttttbttt bbbt bbbttt bbbt
SPECDM (OME)

REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

FUNCTION
C

IMPLICIT
Cc

SPECDM =

%

RETURN

END
CH+++++++++4444

C INTEGRAL FUNCTION OF NORMAL KIRCHHOFF’S SHEAR

FUNCTION
c
IMPLICIT

-1.%(2.*PR*OME - (1.-PR)*DSIN(OME))

/8./P1

bttt bttt bbb bbbt bbb bbb
SPECV (OME)

REAL*8(A-H,0-Z2)

COMMON /CONST/ PR,PI,RIGID



SPECV = -1,%(OME + (1.-PR)/2%DSIN(OME)) /4./PI
RETURN ;
END
C++++++++++++++++++++++++4+4+++++4++ 444+
C INTEGRAL FUNCTION OF DERIVATIVE OF NORMAL SHEAR
FUNCTION SPECDV (A,OME)
¢
IMPLICIT REAL*8(A-H,0-Z) -
COMMON /CONST/ PR,PI,RIGID

DEL1 = DABS(OME)
IF (DEL1.LE.0.000001) THEN
SPECDV = 0.0
ELSE
CC = 1. - DCOS(OME)
SPECDV = -1.%(DCOS(OME/2.)/DSIN(OME/2.) - (1.-PR)*DSIN(OME)
* *DCOS(OME)/2./CC) /4./PI/A
ENDIF
RETURN
END
CHt+ttttttttttt+ttttisttitttitttittttdtidttist
C SUBPROGRAM FOR CHANGING LIMIT OF INTEGRATIONS
CH+tt+t+tttttrttrtttttdtttttidttttttitititst
SUBROUTINE ALIMIT (GR,OME,GR1,GR2)
C _
IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID

GR1
GR2

GR - OME
GR + OME

IF (GR1.LT.-PI.AND.GR2.LE.-PI) THEN
GR1 = 2.*PI + GR1
GR2 = 2.*%PI + GR2

ELSE IF (GR1.GE.PI.AND.GR2.GT.PI) THEN
GRT = GR1
GR1 = 2.%PI - GR2
GR2 = 2.*PI - GRT

ENDIF

RETURN

END
C********************************************
C FIND VALUE OF BERNOULLI NUMBERS
C********************************************

FUNCTION BNSERY (OME)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
BNSERY = 0.0
DO 50 I =1, 100
IT = 2%I

NN =1



DO 10 K = 2, I
NN = NN#¥K
10 CONTINUE

IF (I.EQ.1) THEN
BN = 1./6.

ELSE IF (I.EQ.2) THEN
BN = 1./30.

ELSE IF (I.EQ.3) THEN
BN = 1./42.

ENDIF

IF (I.LE.3) GO TO 35

SERY = 1.
DO 20 J =1, 100
TERM = 1./(1.4J)%%(2.%I)
SERY = SERY + TERM .
IF (TERM.LE.0.0000000001) GO TO 30
20 CONTINUE

30 BN
35 12
N2
DO

NN*SERY/(2.**%(I1-1))/(PI**II)
2%1 + 1

1
K =2, 12
= N2*K

Z o n
N O

40 CONTINUE

45 TERM = 2.*BN*OME¥*I2/N2

BNSERY = BNSERY + TERM

ERR = DABS (TERM)

IF (ERR.LE.0.0000001) GO TO 60
50 CONTINUE

60 RETURN

END
C************************************************************
C FIND INTEGRATION OF INFLUENCED FUNCTION OF EACH INTERVAL
C WHEN THE VIRTUAL LOAD IS INSIDE DOMAIN
C **W,M,V,,dW/dn,dSL/dn,dM/dn,dV/dn¥*
C************************************************************
C INTEGRAL FUNCTION OF DEFLECTION

FUNCTION FINTW (RHO,ZET,XI,RS1,RS2)

£
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
G
RX1 = 2.*RHO*XI
RXS = RHO*RHO + XI*XI
FINTW = XI*(FINT(34) - RX1¥RXS*FINT(9) + RX1*¥RX1%FINT(10))
¥ /16./P1/RIGID
RETURN
END

CH++tt+tt+tttttttttttittttts
C INTEGRAL FUNCTION OF SLOPE
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FUNCTION FINTSL (ID,RHO,ZET,XI,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

c

IF (ID.EQ.0) THEN
FINTSL = XI * (FINT(35) - 2.*RHO*XI*XI*FINT(9)

* + 2.%RHO¥RHO*XI*FINT(10)) /8./PI/RIGID
ELSE

FINTSL = RHO * (FINT(36) - 2.%RHO*XI*XI*FINT(9)
3 + 2.%RHO*RHO*XI*FINT(10)) /8./PI/RIGID
ENDIF
RETURN
END

CHittdtddttdttttttttttttttttttttttt bttt bt et e+ 44444444444
C INTEGRAL FUNCTION OF DERIVATIVE OF SLOPE

FUNCTION FINTDD (RHO,ZET,XI,RS1,RS2)
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

FINTDD = XI*(- 1.*FINT(38) + 4.*%RHO*XI*FINT(1)

* - 2.%(RHO*RHO+XI*XI)*FINT(5)) /8./PI/RIGID

RETURN

END
CHitttttttttttttttttttttdttitdtttttiiittttttttdtiitiittts
C INTEGRAL FUNCTION OF ‘NORMAL MOMENT

FUNCTION FINTM (RHO,ZET,XI,RS1,RS2)

C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)
C

FINTM = -1.%XI*((1.+PR)*FINT(37) - (1.+PR)*2.*RHO*XI*FINT(9)

* - 4. ¥RHO¥XI*FINT(5) + 2.%(RHO*RHO+XI*XI)*FINT(1)

* - 2.*RHO*RHO* (1-PR)*FINT(10)) /8./PI

RETURN

END

CHtttttttttttttttttttttdtttttttttttttttttbdtttttidttit+44
C INTEGRAL FUNCTION OF DERIVATIVE OF NORMAL MOMENT
FUNCTION FINTDM (RHO,ZET,XI,RS1,RS2)
C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RH = RHO*RHO

XX = XI%X1

FINTDM = -1,%XI*((3.+PR)/2.%(RHO*¥FINT(1)-XI*FINT(5))-RHO*FINT(10)
* - (RH*RHO+3.*RHO*XX)*FINT(2) + (3.*%RH*XI+XX*XI)*FINT(6)
3 + (RH*RHO+(2.+PR)*RHO*XX)*FINT(11)

X - (1.4PR)*RH*XI*FINT(14)) /2./PI

RETURN
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END
CHi+++tt+t+++i+tt+t+t+ttttttttttttttttbttttttdbttitis
C INTEGRAL FUNCTION OF NORMAL KIRCHHOFF’S SHEAR

FUNCTION FINTV (RHO,ZET,XI,RS1,RS2)

C

IMPLICIT REAL*8(A-H,0-1)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

RH = RHO*RHO
XX = XI*XI
FINTV = -1.*%XI*((2.%¥XX-(1.-PR)*RH)/2./XI*¥FINT(1) -(1.+PR)/2.*RHO
* ¥FINT(5) + (1.-PR)*RH/2./XI*FINT(10) + (1.-PR)*RH*(RH-XX)
* /2./XI*¥FINT(11)) /2./PI
RETURN
END
C++++++++++++++++++++++++++++++++++++++++++++++++++++++++
C INTEGRAL FUNCTION OF DERIVATIVE OF NORMAL KIRCHHOFF’S SHEAR
FUNCTION FINTDV (RHO,ZET,XI,RS1,RS2)
C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH
XX
RX1
RXS

RHO/XI
RHO*RHO
XI*XI
2. *¥RHO*XI
RH + XX
RXD = RH - XX
PRD = 1. - PR
FINTDV = -1.%XI¥(-1.%(1.+PR)/2.*%FINT(5) - PRD*RX*FINT(1)

* + PRD*RX*FINT(10) - (2.*RX1-PRD*RX*RXS)*FINT(2)
* +2.,%(PR*RH+XX ) ¥FINT(6) +(RX1+PRD*RX*(RH-2.*XX))*FINT(11)
* + PRD*RH¥FINT(14) - 2.*RX¥RH*PRD*RXD*FINT(12)
* + 2.*RH*PRD*RXD*FINT(15)) /2./PI
RETURN
END :

C***************************************************************

C SUBPROGRAM TO COMPUTE INTEGRATED TERMS USED IN EACH FUNCTION
SUBROUTINE FNINTEG (RHO,ZET,XI,AL1,AL2,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION GR(4),RS(4)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
C
RX = RHO*XI
RX1 = 2.%RX
RXS = RHO + XI
RXD = RHO - XI
RXA = DABS(RXD)
RXS1 = RHO*RHO + XI*XI
RXD1 = RHO*RHO - XI*XI
RXA1 = DABS(RXD1)
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RXDZ = RXD1*RXD1

CALL CALR2 (XI,AL1,RHO,ZET,R1,GR(1))
RS1 = R1*R1

CALL CALR2 (XI,AL2,RHO,ZET,R2,GR(2))
RS2 = R2%*R2

IF (GR(1).LT.-PI.AND.GR(2).LE.-PI) THEN
GR(1) = 2.*PI + GR(1)
GR(2) = 2.*%PI + GR(2)

ELSE IF (GR(1).LT.0.0,AND.GR(2).LE.0.0) THEN

TEM = GR(1)
GR(1) = -GR(2)
GR(2) = -TEM
TEM = RS1

RS1 = RS2

RS2 = TEM

ELSE IF (GR(1).GE.PI.AND.GR(2).GT.PI) THEN
TEM = GR(1)
GR(1) = 2.*PI - GR(2)
GR(2) = 2.*%PI - TEM

TEM = RS1
RS1 = RS2
RS2 = TEM
ENDIF
RS(1) = RS1
RS(2) = RS2
II1 =1
IF (GR(1).LT.0.0) THEN
IT =2
GR(4) = -GR(1)
GR(3) = 0.0
GR(1) = 0.0
RS(4) = RS(1)
RS(3) = RXD*RXD
RS(1) = RXD*RXD
ELSE IF (GR(2).GT.PI) THEN
IT = 2
GR(4) = PI
GR(3) = 2*%PI - GR(2)
GR(2) = PI
RS(4) = RXS*RXS
RS(3) = RS(2)
RS(2) = RXS*RXS
ENDIF

DO 10 I = 1, 47
FINT(I) = 0.0
CONTINUE

5
12
DO

i | ]
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12 =12 + 2

2./RXA1*DATAN(RXS/RXA*DTAN(GR(I1)/2))
2./RXA1*DATAN (RXS/RXA*DTAN(GR(I12)/2))
N2 - FN1

FINT(1) + FINT1

FNZ =
FINT1 = F
FINT(1) =
9-INTEGRATION OF FUNCTION "COS(GR)/R**2"

FINT(5) = FINT(5) - 1.*((GR(I2)-GR(I1))-RXSI*FINT1)/RX1

9-INTEGRATION OF FUNCTION "AL¥SIN(GR)/R¥*2"
GRM = (GR(I1) + GR(I2)) /2.
RSM = RXS1 - RX1*DCOS(GRM)
ELLE = (GR(I2) - GR(I1)) *XI
FINT(9) = FINT(9) + GRM*DSIN(GRM)/RSM *ELLE

10-INTEGRATION OF FUNCTION "SIN(GR)*%*2/R**2"
FS = DSIN(GR(I2)) - DSIN(GR(I1))
FN1 = (RXS1*RS(I1)-RXD2)/RX1/RS(I1)
IF (FN1.GT.1.0) FN1 = 1.0
IF (FN1.LT.-1.0) FN1 = -1.0
FN2 = (RXS1*RS(I2)-RXD2)/RX1/RS(I12)
IF (FN2.GT.1.0) FEN2 = 1.0
IF (FN2.LT.-1.0) FN2 = -1.0
FS1 = DASIN(FN2) - DASIN(FN1)
FS2 = DASIN(DCOS(GR(I2))) - DASIN(DCOS(GR(I1)))
FINT(10) = FINT(10) +(FS - RXA1/RX1¥FS1 - RXS1/RX1%*FS2) /RX1

2-INTEGRATION OF FUNCTION "1/R*%¥4"
FSR = DSIN(GR(I2))/RS({I2) - DSIN(GR(I1))/RS(I1)
FINT(2) = FINT(2) + (RX1*FSR + RXS1¥FINT1) /RXD2

6-INTEGRATION OF FUNCTION "COS(GR)/R*¥4"
FINT(6) = FINT(6) + (RXS1*FSR + RX1*FINT1) /RXD2

11-INTEGRATION OF FUNCTION "SIN(GR)¥*2/R**4"
FINT(11) = FINT(11) +(-1.*FSR+RXS1/RX1/RXA1¥FS1+FS2/RX1) /RX1

14-INTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R¥*4"
FINT(14) = FINT(14) +(-1.*%FS -RXS1*FSR + (RHO**4+XI**4)/RX/RXA1
* *FS1 + RXS1/RX*FS2) /RX1/RX1

12-INTEGRATION OF FUNCTION "SIN(GR)*¥*2/R**6"
FN1 = ((RXS1*RS(I11)-RXD2)/2. /RXDZ/RS(Il)**Z)*DSIN(GR(Il))
FN2 = ((RXS1*RS(I2)-RXD2)/2./RXD2/RS(I12)%*2)*DSIN(GR(I2))
FINT(12) = FINT(12) + (FN2 - FN1 + RX/RXD2/RXA1*FS1) /RX1

15-INTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R¥*6"
FN1 = (RXS1/2./RS(I1)**2-RXS1¥RXS1/2./RS(I1)/RXD2-1./RS(I1))

* *DSIN(GR(I1))
FN2 = (RXS1/2./RS(I2)*¥2-RXS1*RXS1/2./RS(I2)/RXD2-1./RS(I12))
* *DSIN(GR(I2))

FSR = (3.*%RXS1/2./RXA1 - RXS1%%3/2./RXD2/RXAl) /RX1
FINT(15) = FINT(15) - (FN2 - FN1 + FSR¥FS1 + FS2/RX1) /RX1/RX1
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C 34-INTEGRATE BY PARTS OF FUNCTION "W"
FN1 = DLOG(RS(I1))
FN2 = DLOG(RS(I2))
FINT(34) = FINT(34) + (RXS1*GR(I2)-RX1*DSIN(GR(I2)))*FN2

* - (RXS1*GR(I1)-RX1*DSIN(GR(I1)))*FN1
c
C 35,36-INTEGRATE BY PARTS OF FUNCTION "dW/dn"
FN1 = 1. + FN1
FN2 = 1. + FN2
FINT(35) = FINT(35) + (XI*GR(I2)-RHO*DSIN(GR(I2)))*FN2
* - (XI*GR(I1)-RHO*DSIN(GR(I1)))*FN1
FINT(36) = FINT(36) + (RHO*GR(I2)-XI*DSIN(GR(I2)))*FN2
¥ - (RHO*GR(I1)-XI*DSIN(GR(I1)))*FN1
C
C 37-INTEGRATE BY PARTS OF FUNCTION "M"
FINT(37) = FINT(37) + GR(I2)%FN2 - GR(I1)*FN1
C
C 38-INTEGRATE BY PARTS OF FUNCTION "dSL/dn"
FINT(38) = FINT(38) + DSIN(GR(I2))*FN2 - SIN(GR(I1))*FN1
C
100 CONTINUE
RETURN
END

CHttttttttttdtttttttttttttttttrstttdte++++4+4
C SUBPROGRAM TO COMPUTE A SERY USED IN INTEGRATED FUNCTION
FUNCTION FNSERY (RHO,XI,RS1,RS2)

C :
IMPLICIT REAL*16(A-E,G,H,0-2)
IMPLICIT REAL*8(F)
C COMMON /CONST/ PR,PI,RIGID
C

RX = 2.¥RHO*XI

RXS = RHO*RHO + XI*XI
TFNSERY = (RXS*(QLOG(RS2)-QLOG(RS1)) - RS2 + RS1) / RX
DO 100 I = 1, 300

ANl = -1.0
AN2 = 0.0
ANN = 1.0
DO 10 K =1, I
AN1 = AN1 + 2.0
AN2 = AN2 + 2.0
ANN = ANN * AN1 / AN2
10 CONTINUE
IT = 2%I
I1 =1I +1

SUM = (RXS/RX)**I1%(QLOG(RS2)-QLOG(RS1)) *ANN/I1
DO 50 J =1, I1

MM =11-1J
IF (J.GE.MM) THEN
Ml =J+1
M2 = MM
IER = 1
ELSE
Ml = MM + 1
M2 =J
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IER = 0
ENDIF
AM1 = 1.
DO 20 K = 1, M2

AM1 = AM1*FLOAT(K)

20 CONTINUE

AM2 = 1.0
DO 30 K = M1, I1

AM2 = AM2*FLOAT(K)

0

30 CONTINUE
SUM1 = (-1)**J*AM2/AM1*(RXS/RX)**MM
* *( (RS2/RX)**J-(RS1/RX)**J)/J

SUM1 = SUM1 *ANN/I1
SUM = SUM + SUM1
50 CONTINUE

60 TFNSERY = TFNSERY + SUM
ERR = QABS (SUM)
IF (ERR.LE.0.000001) GO TO 200
IF (I.EQ.1) GO TO 90
IF (ERR.GT.ERR1) GO TO 200
90 ERR1 = ERR
100 CONTINUE
200 FNSERY = DBLEQ(TFNSERY)
RETURN
END
CRrkxkkikpkrirrkikikkkirkikiirikikkkiiirriririkikirikdk

C INFLUENCED FUNCTION FOR UNIFORMLY DISTRIBUTED LOAD
CHREkrxpkkkrrkkgkkkkiikiiriiihiiibkirrirrikrirrrrrkkRkk sk
C INTEGRAL OF DEFLECTION

FUNCTION FUNCQ (RHO)
c

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)

RAT = RHO/ROUT
FUNCQ = UNIF*ROUT**4%(RAT*%4 + 4.*RAT*%2%*(2,*DLOG(ROUT) + 1.)
* + 4.*%DLOG(ROUT) - 1.) /64./RIGID
IF (KCIR.EQ.0) GO TO 10
RAT = RHO/RINN
FUNCQ = FUNCQ - UNIF*RINN**4%(DLOG(RHO)*(2.*RAT*¥2 + 1.) + 1.)
* /16./RIGID
10 RETURN
END
CHttttttttttttttttttttt+tt+4++++++++++++4++44
C INTEGRAL OF DERIVATIVE OF DEFLECTION
FUNCTION FUNCDQ (RHO)
C
IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID
COMMON /ANNULAR/ KCIR,ROUT,RINN
COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)
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RAT = RHO/ROUT
FUNCDQ = UNIF*ROUT**3*(RAT**3 + 2.¥RAT*(2.*DLOG(ROUT) + 1.))
* /16./RIGID
IF (KCIR.EQ.0) GO TO 10
RAT = RHO/RINN
FUNCDQ = FUNCDQ - UNIF*RINN¥*3%(2.*RAT*(2.*DLOG(RHO) + 1.)
v + 1./RAT) /16./RIGID
10 RETURN
END
R T T2y
C FIND MOMENT & SHEAR OF INFLUENCED FUNCTION
C  *** W,dW/dn,M,V *¥x
Crxpkkrxkkikkriikiikriikiikkikikkiikirikkkes
C NORMAL BENDING MOMENT DUE TO DEFLECTION
FUNCTION FUNCM1A (XI,RHO,R,GR)

c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
FUNCM1A = -1.%((1.+PR)*(1.+2.*DLOG(R)) + 2.%(RHO-XI*DCOS(GR))**2
¥ /R¥¥2 + 2 *PR¥XI1**2%DSIN(GR)**2/R**2) /8. /PI
RETURN
END

CHtttttttttttttttttttttttst+ti44
C TRANSVERSE BENDING MOMENT DUE TO DEFLECTION
FUNCTION FUNCM2A (XI,RHO,R,GR)

c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C
FUNCM2A = -1.%((1.+PR)*(1.+2.*DLOG(R)) + 2.*(RHO-XI*DCOS(GR))**2
¥ *PR/R**2 + 2,%XI*¥2%DSIN(GR)**2/R¥*2) /8./PI
RETURN
END

CHttttttttttttttttttdtttit+tt++
C TWISTING MOMENT DUE TO DEFLECTION
FUNCTION FUNCM3A (XI,RHO,R,GR)

c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C
FUNCM3A = -1.%(1.-PR)*XI*DSIN(GR)*(RHO-XI*DCOS(GR))/4./PI/R**2
RETURN
END

CHitttttttttttttttttttittittit44

C NORMAL SHEAR DUE TO DEFLECTION
FUNCTION FUNCQ1A (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

FUNCQ1A = -1,*(RHO-XI*DCOS(GR))/2./PI/R**2
RETURN
END
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C+t++++++++++++++++++4+4+ 444444444

C NORMAL KIRCHHOFF’S SHEAR DUE TO DEFLECTION
FUNCTION FUNCV1A (XI,RHO,R,GR)

c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

FUNCV1A = -1.*%(RHO-XI*DCOS(GR))/2./PI/R¥%2
IF (RHO.LE.0.0) GO TO 10

FUNCV1A = FUNCV1A - (1.-PR)*(XI*DCOS(GR)*(RHO-XI*DCOS(GR))

* + XI*¥2%¥DSIN(GR)**2% (XI**2-RHO**2) /R¥%2)

* /RHO/4. /PI /R¥%2

10 RETURN

END
CH+t++t++++++++++++++++++++++4++4+
C TRANSVERSE SHEAR DUE TO DEFLECTION

FUNCTION FUNCQ2A (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
FUNCQ2A = XI*DSIN(GR) /2./PI/R¥%2
RETURN
END

CHt+tttttttttttttttttttttttiitis
C TRANSVERSE KIRCHHOFF’S SHEAR DUE TO DEFLECTION
FUNCTION FUNCV2A (XI,RHO,R,GR)

c
IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID
C

FUNCV2A = XI*DSIN(GR)*((3-PR)/2.-(1-PR)*(RHO-XI*DCOS(GR))**2/R/R)

* /2./PI/R¥%¥2 '

RETURN

END

(2222222222222 32322 2TTILITILLIIILIIIELEZ3

C NORMAL BENDING MOMENT DUE TO SLOPE
FUNCTION FUNCM1B (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
c
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCM1B = -1.%((1.+PR)*CCX -2.*DCOS(GR)*CCR +2.*PR*XI*DSIN(GR)**2
* =2 . ¥CCR**2*%CCX/R*¥*2 -2.*%PR*XI**2¥DSIN(GR)**2%CCX/R*¥%2)
% /4./PI/R¥*2
RETURN
END

CHittttttttttttttttttttttttttttdtdidttt
C TRANSVERSE BENDING MOMENT DUE TO SLOPE
FUNCTION FUNCM2B (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
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C
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCM2B = -1.*((1.+PR)*CCX -2.*PR*DCOS(GR)*CCR +2.*¥XI*DSIN(GR)**2
* -2, ¥PR*CCR¥*2%CCX /R**2 =2, ¥XI**¥2*DSIN(GR ) ¥*2*CCX /R¥*2)
* /4. /PI/R*%2
RETURN
END

CHtttttttttttttttttttttttttt ettt b+ + 4444+
C TWISTING MOMENT DUE TO SLOPE
FUNCTION FUNCM3B (XI,RHO,R,GR)
C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

FUNCM3B = -(1.-PR)*(RHO*DSIN(GR) -2.¥XI*DSIN(GR)*DCOS(GR)
* -2.*XI*DSIN(GR)*(RHO—XI*DCOS(GR))*(XI—RHO*DCOS(GR))
* /R¥%¥2) /4, /PI/R¥%%2
RETURN
END
CHtttttttttttdttdttttttttitttttitsste+44
C NORMAL SHEAR DUE TO SLOPE
FUNCTION FUNCQ1B (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)

FUNCQ1B = (DCOS(GR) + 2. *CCR*CCX/R¥*2) /2./PI/R*%2
RETURN
END
CHittttdtttttttttdttttttitttsttttttitiits
C NORMAL KIRCHHOFF'S SHEAR DUE TO SLOPE
FUNCTION FUNCV1B (XI,RHO,R,GR)
C
IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID

CCR = RHO - XI*DCOS(GR)

CCR1= RHO - 2.*XI*DCOS(GR)

CCX = XI - RHO*DCOS(GR)

FUNCV1B = (DCOS(GR) + 2.¥CCR*CCX/R*%2) /2./PI/R¥%¥2
IF (RHO.LE.0.0) GO TO 10

FUNC = (1.-PR)*(DCOS(GR)*CCR1/R/R -2, ¥XI*¥RHO**2*DSIN(GR ) *¥*2/R*%4

* +4 . ¥RHO*XI**2*DSIN(GR ) **2*DCOS (GR ) /R**4 -2.*XI*DCOS(GR)

* *CCR*CCX/R*%4 +8*RHO*XI**2*DSIN(GR ) ¥*¥2*¥CCR*CCX/R¥%¥6 ) /4. /PI

FUNCV1B = FUNCV1B - FUNC/RHO
10 RETURN

END
C+++++++++++++++++++++++++++++++++++++++
C TRANSVERSE SHEAR DUE TO SLOPE

FUNCTION FUNCQ2B (XI,RHO,R,GR)
c

IMPLICIT REAL*8(A-H,0-Z)
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COMMON /CONST/ PR,PI,RIGID

C
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCQ2B = DSIN(GR)*(1.-2.%XI*CCX/R**2) /2./PI/R*%*2
RETURN
END

CH+++tt+++tttttttttttttttttttttdttititt
C TRANSVERSE KIRCHHOFF’S SHEAR DUE TO SLOPE
FUNCTION FUNCV2B (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNC1 = DSIN(GR)*(1.-2.%¥XI*CCX/R*¥*2) /2./PI/R¥*2
FUNC2 = (1.-PR)*(DSIN(GR)/R/R -2.*DSIN(GR)* (RHO**2-XI%*2)/R**4
* +6.*XI*DSIN(GR)*DCOS(GR )*CCR/R**4 +8.*XI*DSIN(GR)
* *CCR**2*CCX/R**6) /4./PI
FUNCV2B = FUNC1 + FUNC2
RETURN
END

CHttttitttttttttittiittittitttitttttstt
C NORMAL BENDING MOMENT DUE TO NORMAL BENDING MOMENT
FUNCTION FUNCM1C (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID
C
PR1 = 1.+PR
PR2 = PR1*PR1
PR3 = 1.-PR
PR4 = 1.+PR¥PR
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)

FUNCM1C = RIGID*(PR2/R/R +2.*PR4*DCOS(GR)**2/R/R +2.%*PR*PR3
*DSIN(GR)**2/R¥*2 -2.*PR1¥CCR*CCR/R**4 -2.%CCX*CCX/R**4
+8.,*DCOS (GR ) *CCR*¥CCX /R¥*4 +2,*PR*XI*XI*DSIN(GR)**2/R**4
-4 . *PR¥RHO*XI*DSIN(GR)**2*DCOS(GR) /R**4 -2,*PR¥CCX*CCX
/R¥%4 +2,¥PR¥PR*XI*DSIN(GR)**2*¥CCX/R¥*4 -2,*¥PR¥PR1*XI*XI
*DSIN(GR)**2/R¥*4 -8.*PR*¥XI*DSIN(GR)**2%¥CCX/R¥*4
-10.*PR*PR¥RHO*XI*DSIN(GR ) **¥2*DCOS(GR) /R*¥*4 +8.*CCR*CCR
*CCX*CCX/R**6 -8.%PR¥RHO*XI*DSIN(GR)**2*CCR¥CCX/R¥*6
+8. ¥PR*PR*RHO*RHO*XI*XI*DSIN(GR)**4/R**6 +8.*PR¥XI*XI
*DSIN(GR)**2*CCX*CCX/R*¥*6) /4./PI

W W W I W H W K

RETURN
END
C+++++++++++++++++++++++++++++ 4444444444
C TRANSVERSE BENDING MOMENT DUE TO NORMAL BENDING MOMENT
FUNCTION FUNCM2C (XI,RHO,R,GR)
C A
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
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PR1
PR2
PR3
PR4
S1
S2

1.4PR

PR1*PR1

1.-PR

1.-PR*PR
DSIN(GR)
S1%S1
Cl = DCOS(GR)
C2 = C1%*C1
CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCM2C = RIGID*(PR2/R/R +4.%PR*C2/R/R +2.*PR3*S2/R/R -2.%PR

® *PR1*¥CCR*CCR/R*%4 -2,*PR1*CCX*CCX/R¥*4 +8.%PR*C1*CCR
* *CCX/R**4 -2,*%PR4*XI*XI*S2/R¥*4 -4.%PR¥(3.+PR)*RHO*XI
* *S2%C1/R*¥4 -8.*XI*S2*CCX/R**4 +8.*XI*XI*S2*CCX*CCX

* /R¥*6 +8,*PR*¥RHO*RHO*XI*XI*S2%*S2/R**6 +8.%PR*CCR*CCR
* *CCX*CCX/R**6 -8,%PR*PR¥RHO*XI*S2*CCR*CCX/R*%*6)/4./PI
RETURN

END

CH+tttttttttttttttttttttttdttitttttiitt
C TWISTING MOMENT DUE TO NORMAL BENDING MOMENT

C

FUNCTION FUNCM3C (XI,RHO,R,GR)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

CCR = RHO - XI*DCOS(GR)
CCX = XI - RHO*DCOS(GR)
FUNCM3C = -1.%RIGID*(1.-PR)*((1.-PR)*DSIN(GR)*DCOS(GR)/R/R

* +2 . *PR¥RHO*XI*DSIN(GR)**3/R*¥*4 +(3.+PR)*XI*DSIN(GR)*CCR
* /R*¥¥4 -2.%(1.-PR)*¥RHO*DSIN(GR)*DCOS (GR)*CCR/R**4

* -2.*XI*DSIN(GR)*DCOS(GR)*CCX/R**4 -4.%PR*RHO*RHO*XI*CCR
* *DSIN(GR)**3/R*¥*6 -4*XI*DSIN(GR)*CCR*CCX*CCX/R**6)/2/PI
RETURN

END

CHittttttttttttttttttisdttttstttsstttts
C NORMAL SHEAR DUE TO NORMAL BENDING MOMENT

c

FUNCTION FUNCQ1C (XI,RHO,R,GR)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

S2 = S1%S1

Cl = DCOS(GR)

C2 = C1*C1

CCR = RHO - XI*Cl1
CCX = XI - RHO*C1
R2 = R*R

R4 = R2*R2

R6 = R2*R4

R8 = R4*R4

FUNC1 = -1.%(-4.%(1.+PR)*CCR/R4 -2%(3+PR)*C2*CCR/R4 -2.%(1-PR)

> *¥S2*CCR/R4 +8.*%C1*CCX/R4 +4.%(1.-2.%PR)*XI*S2*C1/R4
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+4,%(1.+PR)*CCR*¥*3/R6 +16.%CCR¥CCX*CCX/R6 -24.*C1*¥CCR*CCR
*CCX/R6 -4¥PR¥XI*S2*CCR*CCX/R6 +4.%(5-PR)*XX*S2*¥CCR/R6
-16.%(1.-2.%PR)*RHO*XI*S2*C1*CCR/R6
+4 . *PR¥RHO*XI*32*%C1%CCR/R6 -4*PR*RHO*XI*S2%CCX/R6
+8. ¥PR*¥RHO*XX*S2%S2/R6 -8.*XX*S2*C1*CCX/R6
-24 ,*CCR¥*3*CCX*CCX/R8 +24.*PR*¥RHO*XI*S2*CCR*CCR*CCX/R8
-24*PR¥RH*XX*S2%S2*CCR/R8 -24*XX*S2*CCR*CCX*CCX/R8) /2./PI
FUNCQ1C = -1.*RIGID*FUNC1
RETURN
END
C+++++++++++++++++++++++4++4 4+ 44444
C NORMAL KIRCHHOFF’S SHEAR DUE TO NORMAL BENDING MOMENT
FUNCTION FUNCV1C (XI,RHO,R,GR)

I} H O H

C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID
C

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

S2 = S1%51

Cl = DCOS(GR)

C2 = C1%*C1

CCR = RHO - XI*Cl1

CCX = XI - RHO*C1

R2 = R*R

R4 = R2*R2

R6 = R2%*R4

R8 = R4*R4

FUNC1 = -1.%(-4.%(1.+PR)*CCR/R4 -2%(3+PR)*C2*%CCR/R4 -2.%(1-PR)
*S2*%CCR/R4 +8.%C1¥CCX/R4 +4.%(1.-2.%PR)*XI*S2%C1/R4
+4.%(1.+PR)*CCR**3/R6 +16,*CCR¥CCX*CCX/R6 -24.,*C1*CCR*CCR
*CCX/R6 -4*PR*XI*S2%¥CCR*CCX/R6 +4.%(5-PR)*XX*S2*¥CCR/R6
-16.%(1.-2.*PR)*RHO*XI*S2*C1*CCR/R6
+4 . *PR¥RHO*XI1*S2%C1*CCR/R6 -4*¥PR*¥RHO*XI*S2*CCX/R6
+8, ¥*PR¥RHO*XX*S2*S2/R6 -8.*XX*S2*C1*CCX/R6
-24 . ¥CCR**3%CCX*CCX/R8 +24.*PR¥RHO*XI*S2*CCR*¥CCR*CCX/R8
-24*PR¥RH*XX*S2%¥S2%CCR/R8 -24*XX*S2%CCR*CCX*CCX/R8) /2./PI

FUNCV1C = -1.*RIGID*FUNC1

IF (RHO.LE.0.0) GO TO 10

FUNC2 = (1.-PR)*((1.-PR)*S2/R2 -(1.-PR)*C2/R2 +2.%(1,-4.%PR)*RHO
*X1*S2%¥C1/R4 -(3.+PR)*XX*S2/R4 -(3.+PR)*XI*C1*CCR/R4
-2.%(1.-PR)*RHO*S2*CCR/R4 +2.%(1.-PR)*RHO*C2*CCR/R4
+2.%(2.-PR)*¥RHO*XI*S2%¥C1/R4 -2.*XI*S2%CCX/R4 +2.¥XI1*C2
*CCX/R4 +12.*PR*RH*XX*S2*%S2/R6 +4.%(3.+PR)*RHO*XX*S2*CCR
JR6 -4.%(2.-5.%PR)*RH*¥XI*S2*C1*CCR/R6 -8, *RHO*XX*S2*C1
*CCX/R6 +4.*XI*C1*CCR*CCX*CCX/R6 +4, ¥XX¥S2¥CCX*CCX/R6
+8. *RHO*X1*S2*CCR¥CCX/R6 -24.%PR¥RHO*RH*XX*S2*S2*CCR/R8
-24 , *RHO*XX*S2%CCR*CCX*CCX/R8) /2./PI

FUNCVIC = FUNCV1C + RIGID*FUNC2/RHO

10 RETURN
END
C+++++++++++++++++++++++++++++++++++Httttttt
C TRANSVERSE SHEAR DUE TO NORMAL BENDING MOMENT
FUNCTION FUNCQ2C (XI,RHO,R,GR)

W H W H H O W H

EE R
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IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

S2 = S1%S1

Cl = DCOS(GR)

C2 = C1x*C1

CCR = RHO - XI*C1

CCX = XI - RHO*C1

R2 = R*R

R4 = R2*¥R2

R6 = R2*R4

R8 = R4*R4

PR1 = 1.+PR

PR2 = 1.-PR

FUNC1 = -1.%(4.*PR1*XI1*S1/R4 -4.*PR2*¥RHO*S1*C1/R4 -2.%*(1.-5.%PR)
*¥XI*S1*¥C2/R4 +6.*PR2*¥XI*S1*S2/R4 +8.*RHO*XX*S1*C1/R6
-4, *PR1*XI*S1*¥CCR*¥CCR/R6 -8.*XI*S1*CCX*CCX/R6
+8.%(2.+PR)*XI*S1*C1*¥CCR*CCX/R6 +16.%(1.-3.%PR)*RHO*XX*S1
*S2*%C1/R6 -8.*RHO*XX*S1*C1*C2/R6 -8.*XX*S1¥S2*CCX/R6
-4 .%(5.-PR)*XI*¥XX*S1%¥S2/R6 +24.*XI*S1*CCR*CCR*CCX*CCX/R8
-24*PR¥RHO*XX*S1*S2%CCR*CCX/R8 +24*PR*¥RH*XI*XX*S1%*S2*S2/R8
+24 . ¥XI*XX*S1*52*%CCX*¥CCX/R8) /2/PI

FUNCQ2C = -1.*RIGID*FUNC1

RETURN

END

CHttttttttttttttttttttttttittttitiittttiiiies
C TRANSVERSE KIRCHHOFF'S SHEAR DUE TO NORMAL BENDING MOMENT
FUNCTION FUNCV2C (XI,RHO,R,GR)

C

¥ I I H

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

52 = S1%S1

Cl = DCOS(GR)

C2 = C1*Cl1

CCR = RHO - XI*Cl
CCX = XI - RHO*C1
R2 = R*R

R4 = R2*R2

R6 = R2*R4

R8 = R4*R4

PR1 = 1.+PR

PR2 = 1.-PR

FUNC1 = -1.%(4.*PR1*XI*S1/R4 -4.*PR2*¥RHO*S1*C1/R4 -2.%(1.-5.%PR)

*XI*S1*C2/R4 +6.*PR2*¥XI*S1%S2/R4 +8.*RHO*XX*S1*C1/R6

-4, *PR1*¥XI*S1*CCR*CCR/R6 -8.*XI*S1*CCX*CCX/R6
+8.%(2.+PR)*XI*S1*C1*¥CCR*CCX/R6 +16.%(1.-3.%PR)*RHO
*XX*S1*S2*C1/R6 -8*RHO*XX*S1*C1*C2/R6 -8*XX*S1*S2*CCX/R6
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=4.%(5,-PR)*XI*XX*S1%S2/R6 +24.*XI*S1*CCR*CCR*¥CCX*CCX/R8

-24¥PR¥RHO*XX*S1%S2*CCR*CCX/R8 +24*PR¥RH*XI*XX*S1%S2*S2/R8
+24 . ¥XI*¥XX*S1*32*CCX*CCX/R8) /2/PI
(1.-PR)*(-4.%(1-PR)*S1*C1*¥CCR/R4 +2.*PR*¥XI*S1*S2/R4
+(3.+PR)*XI*S1/R4 -2.%(1-PR)*RHO*S1*C1/R4 +2.*XI*S1%C2/R4
-8. ¥PR¥RHO*XI*S1%S2*CCR/R6 -4.%(3+PR)*XI*S1*CCR*CCR/R6
+8.%(1-PR)*RHO*S1*C1*¥CCR*CCR/R6 +16*XI*S1*C1*CCR*CCX/R6
-8, *PR¥RHO*XI*S1%S2*CCR/R6 -4.*PR¥RH*XI*S1*S2/R6 -4.%XI
*S1*¥CCX*CCX/R6 +24.*PR¥RH*XI*S1*S2*CCR*CCR/R8 +24.%XI
*S1*%CCR*CCR*CCX*CCX/R8) /2./PI

FUNCV2C = -1.*RIGID*(FUNC1 - FUNC2)

RETURN
END

CHtttttttttttttttttttttttsttttttttttttts

C NORMAL BENDING MOMENT DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FUNCM1D (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C
XX = XI*XI
RH = RHO*RHO
S1 = DSIN(GR)
S2 = S1%81
Cl = DCOS(GR)
C2 = C1xC1
CCR = RHO - XI*Cl1
CCX = XI - RHO*C1
R2 = R*R
R4 = R2*%R2
R6 = R2*R4
R8 = R4*R4
PR1 = 1.+PR
PR2 = 1.-PR
FUNCM1D = RIGID*(-1.%PR2/XI/R2 +PR2*¥PR2*S2/XI/R2 -(4.+5.*PR
¥ -PR¥PR)*XI/R4 +(5.-3.%PR-2*¥PR*PR)*RH/XI/R4
* -(1.-8.*%PR-PR*PR)
* *RHO*C1/R4 +(1.+2.%PR-3.¥PR¥PR)*XI*S2/R4 +(1.-2.%PR
* +PR*PR ) *RH*S2/XI1/R4 +4.%PR2¥PR2*RHO*S2*C1/R4
* +12,%PR1*¥RH*XI/R6 +8.*XX*XI/R6 -4.%PR2*RH*RH/XI/R6
* -4,%(5.+PR)*RHO*XX*C1/R6 +4.%(1.-3.%PR)*RH*¥RHO*C1/R6
* -8.¥PR2*XX*XI*S2/R6 +(6.-20.%PR-2.*PR¥PR)*RH*XI*52/R6
* -(14.-12%PR-2*%PR*PR ) ¥RH¥RH*S2/XI/R6 +8.%PR2*PR2*RH*RHO
* *32%C1/R6 -4.%(1.-4.%PR+3.%PR*PR)*RHO*XX¥S2*C1/R6
* +4,¥PR2¥PR2*RH*XI*S2%C2/R6 +12.%PR2*RH*RH*S2*CCR*CCR
% /XI/R8 -12,%PR2*RH*XI*S2*CCR*CCR/R8 +12.%PR*PR2*RH
* *¥XI1*S2*%S2% (RH-XX)/R8) /2./PI
RETURN
END

CH+tttttttttttttttttttttttttttttitdttts
C TRANSVERSE BENDING MOMENT DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FUNCM2D (XI,RHO,R,GR)

C

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
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C
XX = XI*XI
RH = RHO*RHO
S1 = DSIN(GR)
S2 = S1%S1
Cl = DCOS(GR)
C2 = C1¥C1
CCR = RHO - XI*Cl
CCX = XI - RHO*C1
R2 = R*R
R4 = R2*R2
R6 = R2*R4
R8 = R4*R4
PRR = PR¥PR
PR1 = 1.+PR
PR2 = 1.-PR

FUNCM2D = RIGID*(-1.*PR*PR2/XI/R2 -PR2*PR2¥S2/XI/R2 -(3.+3.*PR

* +2.%PRR)*X1/R4 +(2.+3%PR-5%PRR)*RH/XI/R4 +(1.+7.%PRR)
* *RHO*C1/R4 -(1.+2.%PR-3.*PRR)*XI*S2/R4 -PR2*PR2
® *RH*S2/XI1/R4 -4.%PR2*¥PR2¥RHO*S2*C1/R4 +12.%PR1*PR
* *RH*XI/R6 +8.%PR¥XX*XI/R6 -4.%PR*PR2*RH*RH/XI/R6
* -4%PR*(5.+PR)*RHO*¥XX*C1/R6 +4*%PR*(1.-3*PR)*RH¥RHO*C1/R6
* +8.¥PR2*XX*X1*¥S2/R6 +(2.+4.*PR-22.*PRR)*RH*XI*S2/R6
* -(2.412.%PR-14,*PRR) *RH*RH*S2/XI/R6 -8.*PR2*¥PR2*RH*RHO
* *S2%C1/R6 +4.%(1.-4,%PR+3.*PRR)*RHO*XX*S2*C1/R6
* -4 ,%PR2*PR2*¥RH*XI*S2%C2/R6 +12.*PR*PR2*¥RH¥RH*S2*CCR*CCR
* /XI/R8 -12.%¥PR¥PR2*¥RH*XI*S2*%CCR*¥CCR/R8 +12.*PRZ2*RH
¥ *XI1*S2*S2% (RH-XX)/R8) /2./PI
RETURN
END

CHttttttttttttttttttttttddttttttttitstts
C TWISTING MOMENT DUE TO NORMAL KIRCHHOFF'S SHEAR
FUNCTION FUNCM3D (XI,RHO,R,GR)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
C

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

S2 = S81%81

Cl = DCOS(GR)

C2 = C1%*C1

CCR = RHO - XI*Cl

CCX = XI - RHO*C1

R2 = R*R

R4 = R2*R2

R6 = R2%R4

R8 = R4*R4

PR1 = 1.4PR

PR2 = 1.-PR

FUNCM3D = -1,*RIGID*PR2%(-1,%PR2%¥S1*C1/XI/R2 +PR1*S1*¥CCR/R4
* +2.¥PR2¥RHO*S1%C1*CCR/XI/R4 -2.*XI*S1*C1/R4 +2.%PR2

¥*

*XI*S1%C1/R4 -2.*PR2*RHO*S1%¥C2/R4 -3.*PR2*¥RH*S1*Cl
¥ /X1/R4 -8.%XI*S1*¥CCR*CCX/R6 +8.*%PR2*RHO*RH*S2*S1/R6
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* -4, %PR2¥RHO*XX*S2%S1/R6 -4.%PR2*¥RHO*S1*C1*CCR*CCX/R6
* -4 ,¥PR2¥RHO*XI*S1%C1*CCR/R6 +4.*PR2*¥RH¥RHO*S1*C1*CCR
* /X1/R6 -12.%PR2*¥RH*¥RH*S1%¥S2%CCR/R8 +12.*PR2Z*RH*XX

* *S1*S2*%CCR/R8) /2./PI

RETURN

END

Ctttttttttttttttttttttttttittit
C NORMAL SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR

C

IO W W N W H W H W

FUNCTION FUNCQ1D (XI,RHO,R,GR)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX = XI*XI

RH = RHO*RHO

S1 = DSIN(GR)

82 = S1%81

Cl = DCOS(GR)

C2 = C1%*Cl

CCR = RHO - XI*Cl
CCX = XI - RHO*C1
R2 = R*R

R4 = R2*R2

R6 = R2*R4

R8 = R4*R4

R10 = R8*R2

PR1 = 1.4PR

PRZ = 1.-PR

FUNCQID = -1.%RIGID*(16,*PR2*¥RHO/XI/R4 -2.%(1.-5.%PR)*C1/R4
+(52+60%PR ) *RHO*XI/R6 -44.%PR2*RH*RHO/XI/R6
+(40.-96%PR)*RH*C1/R6 -(48+8.%PR)*XX*C1/R6
+(16-80%PR)*RHO*XI1*S2/R6 -64.*PR2*RH*RHO*S2/X1/R6
-24.%(7.+PR)*RHO*XX*XI/R8 -(48.+144.%PR)*RH*RHO*XI/R8
+24 ., *PR2*RH¥RH¥RHO/XI1/R8 +48.*XX*XI*C1/R8
+(192496.*PR)*RH*XX*C1/R8 -48%(1-2*PR)*RH*RH*C1/R8
+24.%(4.+2.%PR)¥RHO*¥XX*X1%S2/R8 -72.%(1.-3.%PR)*RH*RHO
*XI*S2/R8 +168%PR2*RH¥RH*¥RHO*S2/XI/R8
-216.*PR2*¥RH*RH*S2%C1/R8 +(120-216.%PR)*RH*XX*52%C1/R8
+288*PR2*RH¥RHO*XX*XI*S2/R10 -192.*PR2*RH*RH*¥RHO*XI*S2
/R10 -96.%PR2*RH*RH*¥RH*RHO*S2/XI/R10 -96.*PR2*¥RH*XX*XX
*S2%C1/R10 -192,*PR2*RH¥RH*XX*S2%C1/R10 +288%PR2*RH*RH
*RH¥S2*C1/R10 -192.%PR2*RH¥RHO*¥XX*XI*S2*S2/R10
+192. ¥PR2*RH*RH*¥RHO*XI*S2*S2/R10) /2./PI

RETURN

END

CHt+tt+tt+ttttttttttttttttttittst
C NORMAL KIRCHHOFF'S SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR

C

FUNCTION FUNCV1D (XI,RHO,R,GR)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX = XI*XI
RH = RHO*RHO
S1 = DSIN(GR)
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C2
CCR

CCX

R2
R4
R6
R8
R10
PR1
PR2
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DCOS(GR)

RHO - XI*Cl1
XI - RHO*C1

R8%*R2
1.+PR
1.~PR
FUNCV1D = -1.*RIGID*(16.*PR2¥RHO/XI/R4 -2.%(1.-5.%PR)*C1/R4

+(52+60%PR ) *RHO*XI/R6 -44.*PR2*¥RH*RHO/XI/R6
+(40.-96%PR)*RH*C1/R6 -(48+8.*PR)*XX*C1/R6
+(16-80%PR ) *RHO*X1*S2/R6 -64.*PR2*RH¥RHO*S2/XI/R6
-24,%(7.+PR)*RHO*XX*XI/R8 -(48.+144.%PR)*RH*¥RHO*XI/R8
+24 . ¥PR2*¥RH*RH*¥RHO/XI/R8 +48.*XX*XI*C1/R8
+(192+96.*PR)*RH*XX*C1/R8 -48%(1-2*PR)*RH*RH*C1/R8
+24.%(4.+2.%PR)*RHO*XX*X1*S2/R8 -72.%(1.-3.*PR)*RH*RHO
*X1%¥S2/R8 +168*PR2*RH*RH*RHO*S2/XI1/R8
-216.¥PR2*RH*RH*S2%C1/R8 +(120-216.*PR)*RH*XX*S2%C1/R8
+288%PR2¥RH*RHO*XX*X1*S2/R10 -192.*PR2*RH*RH*RHO*XI*S2
/R10 -96.*PR2*RH¥RH*¥RH*RHO*S2/XI/R10 -96.%PR2¥RH*XX*XX
*S2%C1/R10 -192.*PR2*RH*¥RH*XX*S2*%C1/R10 +288%PR2*RH*RH
*RH*S2%C1/R10 -192,*PR2*RH*RHO*XX*XI*S2%S2/R10

+192, *PR2*RH*RH¥RHO*X1*S2%S2/R10) /2./PI

IF (RHO.LE.0.0) GO TO 10
FUNCVID = FUNCVID + RIGID*PR2*(PR2/XI/R2 -2.*PR2¥S2/XI/R2

EE R R R

10 RETURN

END
CHttttttttttttttttttttttttttttts
C TRANSVERSE SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FUNCQ2D (XI,RHO,R,GR)

+(1.+3.%PR)*XI/R4 +PR2*RH/XI/R4 +(3.-5.%PR)*RHO*C1/R4
-2.%(1.+3.%¥PR)*XI*S2/R4 -2.*PR2*RH*S52/XI1/R4
-14*PR2*RHO*S2%C1/R4 -8*XX*XI/R6 +4*(1-3%PR)*RH*XI/R6
-4*%PR2*¥RH*RH/XI/R6 +8*PR1*RHO*XX*C1/R6 +16*XX*XI*S2/R6
-8%(4-T*PR)*RH*XI1*S2/R6 +8*PR2*RH*RH*S2/XI/R6
+8%(1-6%PR ) *RHO*XX*S2*C1/R6 -28%PR2*RH¥RHO*S2*C1/R6
+32%PR2*¥RH*¥XI1*S2*%S2/R6 -12%(1+7*PR)*RH¥XX*XI*52/R8
-36%PR2*RH*¥RH*XI*S2/R8 -12%(5-9%PR)*RH¥RHO*XX*S2*C1/R8
+48*RHO*XX*XX*S2%C1/R8 +60%PR2*¥RHO**5%S2*C1/R8

-48% (2-3%PR ) ¥RH*XX*XI*S2%S2/R8+96%PR2*¥RH¥RH*X1*52%52/R8
+24%PR2*RH¥RHO*XX*S2*S2*C1/R8-96*PR2*¥RHO*¥*6*X1*¥52%52/R10
+96*%PR2*¥RH*¥RH*XX*XI1*S2%S2/R10 -96*PR2¥RH*RHO*XX*XX*S2
*S2%C1/R10 +96*PR2*¥RHO**5%XX*S2*S2*C1/R10) /2/P1/RHO

IMPLICIT REAL*8(A-H,0-1)
COMMON /CONST/ PR,PI,RIGID

C

C
XX
RH
S1

S2

RHO*RHO
DSIN(GR)
S1%S1
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Cl1 = DCOS(GR)

C2 =

CCR = RHO - XI*C1

CCX = XI - RHO*C1

R2 =

R4 =

R6 =

R8 =

R10 = R8*R2

PR1 = 1.4PR

PR2 = 1.-PR

FUNCQ2D = RIGID*(-2%(1-5%PR)*S1/R4 -8%(6+PR)*XX*S1/R6
+8% (4-5%PR)*RH*S1/R6 -16%(1-5%PR)*RHO*XI*S1*C1/R6
+32%PR2*RH*RHO*S1*C1/XI/R6 +48*%XX*XX*S1/R8
+(144-96%PR)*RH*XX*S1/R8 -144%PR2*¥RHO**4%51/R8
-48%(2+PR)*RHO*XX*XI*S1%C1/R8+24% (1-3*PR)*RHO*RH*XI*S1
*C1/R8 -24%PR2¥RHO**5%S1%C1/XI/R8 -24%(5-9%PR)*RH
*XX*¥S1*C2/R8 +168*%PR2*RHO**4*S1*C2/R8 +96*¥PR2*RHO**6
*¥S1/R10 -96%PR2*RH*XX*XX*S1/R10 +192*PR2*¥RH*¥RHO*XX
*XI*S1*%C1/R10 -192%PR2*¥RHO**5*X1*S1*¥C1/R10
+96%PR2*¥RH¥XX*XX*S1*C2/R10-96%PR2*RHO**6%51*%C2/R10
-192*%PR2*RH*RHO*XX*¥XI*S1*C2%C1/R10 +192%PR2¥RHO**5*X1
*S1*%C2*C1/R10) /2./P1

RETURN

END

CH+ttt+ttttttttttttttttsttistt
C TRANSVERSE KIRCHHOFF’S SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FUNCV2D (XI,RHO,R,GR)

C

EE R R

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID

XX
RH
S1
S2
C1
c2
CCR
CCX
R2
R4
R6
R8
R10
PR1
PR2

o onn

RHO*RHO
DSIN(GR)

DCOS(GR)

RHO - XI*C1
XI - RHO*C1

R8*R2
1.+PR
lo-PR

FUNCV2D = RIGID*(-2%(1-5%PR)*S1/R4 -8%(6+PR)*XX*S1/R6

+8% (4-5%PR)*RH*S1/R6 -16%(1-5%PR)*RHO*XI1*S1*C1/R6
+32%PR2*RH*RHO*S1%¥C1/XI/R6 +48*XX*XX*S1/R8
+(144-96%PR)*RH*¥XX*S1/R8 -144%PR2*¥RHO**4%S1/R8

-48% (24PR)*RHO*XX*XI%S1%C1/R8+24% (1-3*PR)*RHO¥RH*¥XI*51
*C1/R8 -24*PR2*RHO**5%S1%C1/XI/R8 -24%(5-9%PR)*RH
*¥XX*S1%C2/R8 +168%PR2*¥RHO**4*S1%C2/R8 +96*¥PR2¥RHO**6
*S1/R10 -96*PR2*¥RH*XX*XX*S1/R10 +192*PR2Z¥RH*RHO*XX

a7
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*XI%¥S1%C1/R10 -192%¥PR2*RHO**5*%XI1*S1*C1/R10
+96%PR2*RH¥XX*XX*S1*C2/R10-96%PR2*¥RHO**6*S1%C2/R10
-192%PR2*¥RH*RHO*XX*XI*S1*%C2*%C1/R10 +192*%PR2¥RHO**5*XI
*S1*%C2%C1/R10) /2./PI

FUNCV2D = FUNCV2D + RIGID¥PR2+*(PR1*S1/R4 -6%PR2%¥S1*C2/R4
+4% (5-T*PR)*RH*S1/R6 -4*(3-PR)*XX*S1/R6
+8% (144%PR ) *RHO*XI*S1%C1/R6 +20%PR2*RH*RHO*S1*C1/XI/R6
-24%PR*¥XX*S1*C2/R6 -12%PR2*¥RH*S1*C2/R6
-24%PR2¥RHO*XI*S1%¥C2*%C1/R6 +12%(9-5%PR)*RH*XX*S1/R8
-108%PR2*¥RH*RH*S1/R8 -48%(3-PR)*RHO*XX*XI*S1*C1/R8
+48% (2-3%PR ) *RH¥RHO*XI1¥S1*¥C1/R8 -24*PR2*¥RHO**5%81*C1
/X1/R8 -12%(5-13%PR)*RH*XX*S1%¥C2/R8 +48*XX*¥XX*S1%C2/R8
+132%PR2¥RH¥RH*S1%C2/R8 +48%(1-2%PR)*RHO*XX*XI*S1*C2
*C1/R8 -72%PR2*RH*¥RHO*XI*S1¥C2%C1/R8 -24*PR2*¥RH*XX*S1
*C2*%C2/R8 -96%PR2¥RH*RH*XX*S1/R10+96*PR2*RHO**6*S1/R10
+192%PR2¥RH¥RHO*XX*X1*¥S1*¥C1/R10 -192*%PR2*RHO**5*XI1*S1
*C1/R10 +192%PR2*¥RH*RH*XX*S1%C2/R10 -96*PR2*RH*XX*XX
¥S1%¥C2/R10 -96%PR2*RHO**6%S1*%C2/R10 -192*PR2*¥RH*RHO*XX
*XI*S1%¥C2*C1/R10 +192*PR2¥RHO**5*%XI1%S1*C2*C1/R10
+96*PR2¥RH¥XX*XX*S1*¥C2%C2/R10 -96%PR2¥RH¥RH*XX*¥51*C2
*C2/R10) /2./PI

H K * K
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RETURN
END

Cx¥kxkkkkkkkkkirikkikikikkkkiiikkkkkkkkikihrkkrk
C FIND M&V INTEGRATION OF INFLUENCED FUNCTION

C

**W,M,V, ,dW/dn**

Crxkkikkrikkiikiibkihriiikprkkiikkkikkrriirkrs
C NORMAL BENDING MOMENT DUE TO DEFLECION

C

FUNCTION FINTM1A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

FINTM1A = -1.%XI*((1.+PR)*FINT(37) - (1.+PR)*2,*RHO*XI*FINT(9)
* - 4.,%*RHO*XI*FINT(5) + 2. % (RHO¥RHO+XI*XI )*FINT(1)
b - 2.%XI*XI*(1-PR)*FINT(10)) /8./PI

RETURN

END

CHt+tttttttttttttitttttttttttdttttitstttttttitttttdttidsd
C TRANSVERSE BENDING MOMENT DUE TO DEFLECION

C

FUNCTION FINTM2A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-1)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

FINTM2A = -1.%XI*((1.+PR)*FINT(37) - (1.+PR)*2,*RHOXXI*FINT(9)
* - 4.%PR¥RHO*XI*FINT(5) + 2. ¥PR* (RHO*RHO+XI*XI )*FINT(1)
* + 2.%XI*XI*(1-PR)*FINT(10)) /8./PI

RETURN

END

CHtttttttttttttttttttttttttttitttiitsdttttttitttitittids
C TWISTING MOMENT DUE TO DEFLECION

FUNCTION FINTM3A (RHO,ZET,XI,RS1,RS2)



¥

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

FINTM3A = -1.*XI*XI*(1.-PR)*(RHO*FINT(20) - XI*FINT(24))
/4./P1

RETURN

END

CH+++ttttttttttts+ttttttttttttttittttidtbttdttttittitsd
C NORMAL SHEAR DUE TO DEFLECION

C

FUNCTION FINTQ1A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RH = RHO*RHO

XX = XI*XI

FINTQ1A = -1.*XI*(RHO*FINT(1) -XI*FINT(5)) /2./PI
RETURN

END

CH++ttttttttttttetttrtsttttrtttbtddtibttttitttitidttitds
C NORMAL KIRCHHOFF’S SHEAR DUE TO DEFLECION

C

FUNCTION FINTV1A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RH = RHO*RHO
XX = XI*XI
FINTV1A = -1.*XI*((2.*%RH-(1.-PR)*XX)/2./RHO*FINT(1)

-(1.4PR)/2.*XI*FINT(5) +(1.-PR)*XX/2./RHO¥FINT(10)

+(1.-PR)*XX*(XX-RH)/2./RHO*FINT(11)) /2./PI
RETURN
END

CH++++t+t+tttttitttttstttttttidttttitttttdtttbdttiits
C TRANSVERSE SHEAR DUE TO DEFLECION

C

FUNCTION FINTQ2A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-1)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RH = RHO*RHO

XX = XI*XI

FINTQ2A = XX*FINT(20) /2./PI
RETURN

END

CH+++t++ttttttttttttttttttittttttttbtbittittttiiitt
C TRANSVERSE KIRCHHOFF'S SHEAR DUE TO DEFLECION

C

FUNCTION FINTV2A (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)



COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RH = RHO*RHO
XX = XI*XI
FINTV2A = XX*((3.+PR)/2.*%FINT(20) -(1.-PR)*RH*¥FINT(21)

. #* +2.%(1.~PR)*RHO*XI*FINT(25) -(1.-PR)*XX*FINT(28))

* /2./PI
RETURN
END

CHttttttttttttttttttttttttttttttttttttbttttbttitttttd
C NORMAL BENDING MOMENT DUE TO SLOPE

C

FUNCTION FINTM1B (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX = RHO*XI
RH = RHO*RHO
XX = XI*XI

PRD = 10 i PR
PRS3 = 3. + PR
FINTM1B = -1.*XI*(PRS3*XI*FINT(1) - PRS3*RHO*FINT(5)

T -2, %PRD*¥XI*FINT(10) - 2.¥XI*(XX+3.*RH)*FINT(2)

* +2.¥RHO* (3. *XX+RH)*FINT(6) +2.%XI*(2.*RH+PRD*XX)
* *FINT(11) -2,%PRD¥RX*XI*FINT(14)) /4./PI

RETURN

END

CHtttttttttttttttttsttitstttttttitttttttittttittttttitst
C TRANSVERSE BENDING MOMENT DUE TO SLOPE

C

FUNCTION FINTM2B (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX = RHO*XI
RH = RHO*RHO
XX = XI*XI

PRD = 1. - PR
PRS3 = 1. + 3.*%PR
FINTM2B = -1.%XI*(PRS3*XI*FINT(1) - PRS3*RHO*FINT(5)

* +2.¥PRD*XIXFINT(10) - 2.%PR¥XI*(XX+3.*RH)*FINT(2)
* +2. ¥PR¥RHO* (3. ¥XX+RH)*FINT(6) +2.*XI*(2.*PR*RH

X -PRD*XX )*FINT(11) +2.%¥PRD¥RX*XI*FINT(14)) /4./P1
RETURN

END

CHtttttttttsttttttstttttttttttttttttisstssttttttittitis
C TWISTING MOMENT DUE TO SLOPE

C

FUNCTION FINTM3B (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

100
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RX = RHO*XI
RX1 = 2.%#RX
RH = RHO*RHO
XX = XI%X1
PRD = 1. - PR
PRS3 = 1. + 3.%PR
FINTM3B = -1,*%PRD*XI*(RHO*FINT(20) - RX1¥XI*FINT(21)
* +XI*RX1*FINT(28)) /4./PI
RETURN
END
C++++++++++++++++++++++++++++++++++++++++++++++++++++++++
C NORMAL SHEAR DUE TO SLOPE
FUNCTION FINTQIB (RHO,ZET,XI,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
c
RX = RHO*XI
RX1 = 2.%RX
RH = RHO*RHO
XX = XI*XI
FINTQ1B = XI*(FINT(5) + 2.*%RX1¥FINT(2) -2.*(RH+XX)
* *FINT(6) -RX1*FINT(11)) /2./PI
RETURN
END

CHtttttttttttttttttttttttttttittitttttttttttttttitstttit
C NORMAL KIRCHHOFF’S SHEAR DUE TO SLOPE

FUNCTION FINTV1B (RHO,ZET,XI,RS1,RS2)
C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

RX = RHO*XI

RX1 = 2.%RX

RH = RHO*RHO

XX = XI*XI

PRD = 1. - PR

FINTVIB = XI*((1.+PR)/2.*%FINT(5) + 2.*RX1¥FINT(2) -2.%(RH+XX)

* *FINT(6) -(1.4+PR)*RX*FINT(11) -PRD*XX*FINT(14)

* -8.¥PRD*RX*XX*¥FINT(12) +4.*PRD*XX*(RH+XX)*FINT(15)

* +4 . ¥PRD*RX*XX*FINT(17)) /2./PI

RETURN

END
CHitttttttttbtbbtbbtbbbbbbbb bbb bbbt bbb bbb b bR
C TRANSVERSE SHEAR DUE TO SLOPE

FUNCTION FINTQ2B (RHO,ZET,XI,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

C

RX = RHO*XI
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RX1 = 2.%RX
RH = RHO*RHO
XX = XI*XI

FINTQ2B = XI*(FINT(20) - 2,*XX*FINT(21) +RX1¥FINT(25)) /2./PI
RETURN
END

CHt++ttttttttttrttttttttitstttttttttttttttttttttttttitits
C TRANSVERSE KIRCHHOFF’S SHEAR DUE TO SLOPE

C

¥ K H ¥ K

FUNCTION FINTV2B (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX = RHO*XI
RX1 = 2.%RX
RH = RHO*RHO
XX = XI*XI

PRD = 1. - PR
FINTVZB = XI*((3.-PR)/2.*FINT(20) -(1.+PR)*XX*FINT(21)

-PRD*RH*FINT(21) +(5.-3.%PR)*RX*¥FINT(25) -3.*PRD¥XX
*FINT(28) +4.*PRD*¥RH¥XX*FINT(22) -8.*%PRD¥RX*XX
*¥FINT(26) +4.*%PRD*¥XX*¥XX*FINT(29) -4.*PRD¥RH*RX
*FINT(26) +8.*PRD*RH¥XX*FINT(29) -4.%PRD*¥RX*XX
*FINT(31)) /2./PI

RETURN

END

CHtttttttttttttttttttttttttttidttdttsdtttttitttttitb+++4
C NORMAL BENDING MOMENT DUE TO NORMAL BENDING MOMENT

C

H O I I I ¥ ¢

FUNCTION FINTM1C (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX = RHO*XI
RH = RHO*RHO
XX = XI*XI
PRR = PR*PR

FINTMIC = RIGID*XI*((3.+2.%PR+3*%PRR)*FINT(1) -(2.-2%PR+4*PRR)
*FINT(10) -4.%(3+PR)*(RH+XX)*FINT(2) +8.%(3+PR)*RX
*¥FINT(6) +((10+2.*PR)*RH+(10-6%PR)*XX)*FINT(11)
-(8.-4%PR+12%PRR)*RX*¥FINT(14) +8.% (RH*RH+6*%RH*XX
+XX*XX)*¥FINT(3) -32*%RX*(RH+XX)*FINT(7) -(B8*RH*RH
+(48+8%PR)*RH*¥XX+8% (1-PR)*XX*XX)*FINT(12) +8.%(24PR)
*RX*RH*FINT(15) +8%(2-PR)*RX*XX*FINT(15) +8.%(1+PRR)
*¥RX*RX*FINT(17)) /4./PI

RETURN

END

CHtttttttttttttttttttttttttttttttttttttbttttttitttititt4
C TRANSVERSE BENDING MOMENT DUE TO NORMAL BENDING MOMENT

C

FUNCTION FINTM2C (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID



COMMON /FINTEG/ FINT(47)

RX = RHO*XI
RH = RHO*RHO
XX = XI*XI
PRR = PR*PR

FINTM2C = RIGID*XI*((1.+6.%PR+PRR)*FINT(1) +2%(1-3%PR)*FINT(10)

108

* -(2+12%PR+2%PRR )% (RH+XX ) ¥FINT(2) +4%(1+6%PR+PRR)*RX

* *FINT(6) +((2+10%PR)*RH-(10-10%PR-4*PRR)*XX)*FINT(11)
* +4%(2-5%¥PR-PRR ) ¥RX*FINT(14) +8.%PR*(RH*RH+6*RH*XX

* +XX*XX )*¥FINT(3) -32%PR*RX*(RH+XX)*FINT(7) -(8%PR*RH*RH
* -(8-48%PR-16%PRR ) ¥RH*XX~-8% (1-PR)*XX*XX )*¥FINT(12)

* -((16-16*PR-8*PRR ) *RX*XX-8%PR* (2+PR ) *RH*RX ) *FINT(15)

¥ -8.%(1-2%PR-PRR ) *RX*RX*FINT(17)) /4./PI

RETURN

END

CHttttttttttttdtttttttititttdtttttttitttttttttttttttttttst
C TWISTING MOMENT DUE TO NORMAL BENDING MOMENT

c

H W I N *

FUNCTION FINTM3C (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH

RHO*XI

RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTM3C = -1*RIGID*XI*PRD*(PRD*FINT(24) +3.%(1+PR)*RX*FINT(21)

-2*%PRD*¥RH¥FINT(25) -(5+PR)*XX*FINT(26) +4.%¥PRD*RX
*¥FINT(28) -4*RX*¥XX¥FINT(22) -4*PR*RH*RX*FINT(22)
+4% (24PR)¥RH*XX*FINT (26) +4*XX*XX*FINT(26) -4%PRD
*RH¥RX*FINT(29) -8%RX*XX*FINT(29) +4*PRD*RH*XX
: *FINT(31)) /2/PI
RETURN
END

CHittttttttttttttttttttttttttttttttttttttttsstttttss+4444
C NORMAL SHEAR DUE TO NORMAL BENDING MOMENT

C

¥ I

FUNCTION FINTQ1C (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

RX = RHO*XI

RH = RHO*RHO

XX = XI*XI

PRR = PR¥PR

PRD = 1.-PR

FINTQIC = RIGID*XI*(-6%(3+PR)*RHO*¥FINT(2) +6%(3+PR)*XI*FINT(6)
+4%(3+PR)*RHO*FINT(11) -12%PR*XI*FINT(14)
+4%(11+PR ) ¥RHO*RH*FINT(3) +12%(11+PR)*RX*XI*FINT(3)
-12%(114PR)*RH*XI*FINT(7) -4*(114+PR)*XI*XX*FINT(7)
-40*¥RH*¥RHO**FINT(12) -32%(342%PR)*RX*XI*FINT(12)



H O N I W H K

RETURN

END

+4%(12+11%PR)*RH*XI*¥FINT(15) +12*%PR*¥XI*XX*FINT(15)
+48*%PR¥RX*XI*FINT(17) -24*RH*RH*RHO*FINT(4)
-240*RH*RHO*XX*FINT(4) -120*RX*XX*XI*FINT(4)
+120*RH*¥RH*XI*FINT(8) +240*RH*XX*XI*FINT(8)
+24*X1**5%FINT(8) +24*%RHO**5*%FINT(13) +8%(33+9%*PR)
*RHO**3*XX*¥FINT(13) +24%(4+PR)*RX*XX*XI*FINT(13)
-24%(3+PR)¥RH¥RH*XI*FINT(16) -24%(5+3%PR)*RH*XX*XI
*FINT(16) -24%(2+3%PR)*RH¥RHO*XX*FINT(18) -24*PR
*RHOXXX*XX*FINT(18) +48*PR*RH*XX*XI*FINT(19)) /2/PI

CHttt+tttttttttttttttttttttttttttttttttttittttttitttitittt
C NORMAL KIRCHHOFF’S SHEAR DUE TO NORMAL BENDING MOMENT
FUNCTION FINTV1C (RHO,ZET,XI,RS1,RS2)

C

IMPLICIT REAL*8(A-H,0-2)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH
XX
PRR

RHO*XI
RHO*RHO
XI*XI

PR*PR

PRD = 1.-PR
FINTVIC = RIGID*XI*(-6%(3+PR)*RHO*FINT(2) +6%(3+PR)*XI*FINT(6)

104

X +4%(3+PR)*¥RHOX*FINT(11) -12%PR*¥XI*FINT(14)
X +4%(11+PR)*¥RHO*RH*FINT(3) +12%(11+PR)*RX*XI*FINT(3)
X -12%(11+PR)*RH*XI*¥FINT(7) -4%(114PR)*XI*XX*FINT(7)
* -40%RH*¥RHO**FINT(12) -32%(3+2%PR)*RX*XI*FINT(12)
* +4%(12+11%PR)*RH*XI*FINT(15) +12%PR*¥XI*XX*FINT(15)
* +48*%PR¥RX*XI*FINT(17) -24*RH*RH*RHO*FINT(4)

x -240%RH¥RHO*XX*¥FINT(4) -120%RX*XX*XI*FINT(4)
* +120*RH*RH*XI*FINT(8) +240%RH*XX*XI*FINT(8)
* +24*%XI*¥*5XFINT(8) +24%RHO¥*5%FINT(13) +8%(33+9%PR)
* *RHO**3*XX*¥FINT(13) +24%(4+PR)*RX*XX*XI*FINT(13)

® -24%(3+PR)*RH¥RH*XI*FINT(16) -24%(5+3%PR)*RH*XX*XI
* *¥FINT(16) -24%(2+3%PR)*RH*RHO*XX*FINT(18) -24*PR
® *RHOXXX*XX*¥FINT(18) +48%PR*RH*XX*XI*FINT(19)) /2/PI
FINTV1IC = FINTV1C +RIGID¥PRD*XI/RHO*(2*PRD*FINT(10) -PRD*FINT(1)
# +2%PRD¥RH¥FINT(2) +(5+PR)*XX*FINT(2) -(7-PR)*RX¥FINT(6)
* -4%PRD*¥RH*FINT(11) -2%(5+PR)*XX*FINT(11) +14*PRD*RX
* *¥FINT(14) -12%RH*¥XX*FINT(3) -4*XX*XX*FINT(3)
* +4%RH*RX*FINT(7) +12%RX*XX*¥FINT(7) +16%(4-PR)*RH*XX
¥ *¥FINT(12) +8%XX*XX*FINT(12) -20%PRD¥RH¥RX*FINT(15)
* -4%(114PR)*RX*¥XXXFINT(15) -32%PRD*RH*XX*FINT(17)
* -24*%RH*RH*XX¥FINT(13) -72*RH*XX*XX*FINT(13)
* +72%RX**3*¥FINT(16) +24*RHOXXI**5%FINT(16)
* +24%PRD*RH¥RH*XX*¥FINT(18) +48%RH*XX*XX*FINT(18)
# -24%PRD*RX**3*FINT(19)) /2/PI

RETURN

END

CHi+tttttttttttttttttttttttttttttttttttttttttttttttttttts
C TRANSVERSE SHEAR DUE TO NORMAL BENDING MOMENT
FUNCTION FINTQ2C (RHO,ZET,XI,RS1,RS2)

C
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IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

RX = RHO*XI

RH = RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTQ2C = RIGID*XI*(2%(5-PR)*XI*FINT(21) -4%PRD*RHO*FINT(25)
-8%(1-2%PR)*XI*FINT(28) -4%(1+PR)*RH*XI*FINT(22)
-4%(9-PR)*XX*XI*FINT(22) +8%(9-4*%PR)*RX*XI*FINT(26)
-8%(34PR)*RH*XI*FINT(29) +8%(1-2%PR)*XX*XI*FINT(29)
-8%(2-T*PR)*RX*XI*FINT(31) +24*RH*XI*XX*FINT(23)
+24%XI**5%¥FINT(23) -24%(2-PR)*RH*RHO*XX*FINT(27)
-24%(4-PR)*RX*XX*XI*FINT(27) +24*RH*RH*XI*FINT(30)
+24%(5-2%PR ) *RH*XI*XX*FINT(30) -24%(2+PR)*RH¥RX*XI
*FINT(32) -24%PR¥RHO*XX*XX*FINT(32)
+48*%PR¥RH*XX*XI*FINT(33)) /2/PI

RETURN
END

CHitttttttttttttttttttttttdtitttttttdttttritsttsttesti44
C TRANSVERSE KIRCHHOFF’S SHEAR DUE TO NORMAL BENDING MOMENT

C

E R R

IO I W WK I K

FUNCTION FINTV2C (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
RX = RHO*XI

RH = RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR '

FINTV2C = RIGID*XI*(2%(5-PR)*XI*FINT(21) -4*PRD*RHO*FINT(25)
-8%(1-2%PR)*XI*FINT(28) -4%(1+PR)*RH*XI*FINT(22)
-4%(9-PR)*XX*XI*¥FINT(22) +8%(9-4%PR)*RX*XI*FINT(26)
-8%(3+PR)*RH*¥XI*FINT(29) +8%(1-2%PR)*XX*XI*FINT(29)
-8%(2-7*PR)*RX*XI*FINT(31) +24%RH*XI*XX*FINT(23)
+24%XI**5*%FINT(23) -24%(2-PR)*RH*¥RHO*XX*FINT(27)
-24%(4-PR)*RX*XX*XI*FINT(27) +24*RH¥RH*XI*FINT(30)
+24% (5-2%PR ) ¥RH*¥XI*XX*FINT(30) -24%(2+PR)*RH¥RX*XI
*FINT(32) -24%PR¥RHO*XX*XX*FINT(32)
+48*PR*¥RH*XX*XI*FINT(33)) /2/PI

FINTV2C = FINTV2C + RIGID¥PRD*XI*(3*(1+PR)*XI*FINT(21) -6%PRD
*RHO*FINT(25) +6%¥PRD*XI*FINT(28) -12%(1+2%PR)*RH*XI
*FINT(22) -4*XI*XX¥FINT(22) +8%PRD*RH*¥RHO*FINT(26)
+24%(2+PR)*RX*XI*FINT(26) -36%¥PRD¥RH*XI*FINT(29)
-4%(74+PR)*XX*XI*FINT(29) +24*%PRD*RX*XI*FINT(31)
+24*¥PR¥RH¥RH*XI*FINT(23) +24*RH*XX*XI*FINT(23)

-48% (1+PR)*RH*RX*XI*FINT(27) -48*RX*XX*XI*FINT(27)
+24*PRD¥RH*RH*XI*FINT(30) +24%(4+PR)*RH*XX*XI*FINT(30)
+24*%XT**5%FINT(30) -48%PRD*¥RH*RX*XI*FINT(32)
~48%RX*¥XX*XI*FINT(32) +24*%PRD*RH*XI*XX*FINT(33)) /2/PI

RETURN
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END

CHi++++tttttttttttttttttttttttttttttttttttttttttttttiit
C NORMAL BENDING MOMENT DUE TO NORMAL KIRCHHOFF'S SHEAR

c

EE R IR

FUNCTION FINTM1D (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /FINTEG/ FINT(47)

RX = RHO*XI

RH = RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTM1D = RIGID*XI*(-1¥PRD/XI*FINT(1) +PRD*PRD/XI*FINT(10)
-(4+5%PR-PRR)*XI*FINT(2) +(5-3%PR-2*%PRR)*RH/XI*FINT(2)
-(1-8*PR-PRR ) *RHO*¥FINT(6) +(14+2%PR-3%PRR)*XI*FINT(11)
+(1-2%PR+PRR)*RH/XI*FINT(11) +4*PRD*PRD*¥RHO*FINT(14)
-4*%PRD*RH¥RH/XI*FINT(3) +12%(1+PR)*RH*XI*FINT(3)
+8*XI*XX*¥FINT(3) +4%(1-3%PR)*RH¥RHO*FINT(7)
-4%(54PR)*RX¥XXI*FINT(7) -(14-12*%PR-2%PRR)*RH*RH/XI
*FINT(12) +(10-28%PR+2%PRR)*RH*XI*FINT(12)
-8%PRD*XI*XX*FINT(12) +8*PRD¥PRD*RH*RHO*FINT(15)
-4%(1-4%PR+3%PRR)*RX*XI*FINT(15) -4%¥PRD*PRD*RH*XI
*FINT(17) +12%PRD*RH**3/XI*FINT(13) -12*%PRD¥RH*XX*XI
*¥FINT(13) -24%PRD*RHO**5%FINT(16) +24*PRD*RH*RX*XI
*¥FINT(16) -12%PRD*PRD*RH*RH*XI*FINT(18)
+12%PRD*PRD*RH*¥XX*X1*FINT(18)) /2/PI

RETURN
END

CHi++tttttttttttttttttttttttttttttttttttttttttttttiitstsd
C TRANSVERSE BENDING MOMENT DUE TO NORMAL KIRCHHOFF’S SHEAR

C

EE R R R R R R

FUNCTION FINTM2D (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH

RHO*XI

RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTM2D = RIGID*XI*(-1%PR*PRD/XI*FINT(1) -PRD*PRD/XI*FINT(10)

- (3+3%PR+2%PRR)*XI*¥FINT(2) +(2+3%PR-5%PRR)*RH/XI*FINT(2)
+(1+7%PRR ) *RHOXFINT(6) -(142%PR-3*PRR)*XI*FINT(11)
-(1-2%PR+PRR)*RH/XI*FINT(11) -4*PRD*PRD*RHO*FINT(14)
+12%PR* (1+PR)*RH*XI*¥FINT(3) -4%PR¥PRD*RH*RH/XI*FINT(3)
+8%PR¥XI*XX*FINT(3) +4*%PR¥(1-3%PR)*RH*RHO*FINT(7)
-4%PR* (5+PR)*RX*XI*FINT(7) -(2+12%PR-14*PRR)*RH*RH/XI
*FINT(12) -(2-12%PR+26%PRR)¥RH*XI*FINT(12)
+8*PRD*XI*XX*FINT(12) -8%PRD*PRD*RH*RHO*FINT(15)
+4%(1-4%¥PR+3*PRR)*RX*XI*FINT(15) +4*PRD*PRD*RH*XI
*FINT(17) +12%PR*PRD*RH**3/XI*FINT(13) -12%PR*¥PRD*RH*XX
*XI*FINT(13) -24%PR*¥PRD¥RHO**5%FINT(16) +24*PR¥PRD*RH

nnn
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RETURN

END
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*RX*XI*FINT(16) +12%PRD*¥PRD*RH*RH*XI*FINT(18)
-12%PRD*PRD*RH*XX*XI*FINT(18)) /2/PI

CHttttttttttttttttttttttitttttttttttttttttttbdttttistttt
C TWISTING MOMENT DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FINTM3D (RHO,ZET,XI,RS1,RS2)

c

H WK H K W K K K K

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH
XX
PRR
PRD

RHO*XI
RHO*RHO

XI*X1I

PR*PR

1¢-P

R

FINTM3D = -1%RIGID*PRD*XI*(-1%PRD/XI*FINT(24) +(1+PR)*RHO¥FINT(21)

RETURN

END

-PRD*¥RH/XI*FINT(25) -(143%PR)*XI*FINT(25) -4*%PRD*RHO
*FINT(28) +8%PRD*RH*¥RHO*FINT(22) -4%(3-PR)*RX*XI
*FINT(22) +4*%PRD*RH*RH/XI*FINT(26) +8%PR*RH*XI*FINT(26)
+8%XX*XI*FINT(26) -8%PRD¥RH*RHO*¥FINT(29) +4%(1-3%PR)
*¥RX*¥XI*FINT(29) -4*PRD¥RH*XI*FINT(31) -12%PRD¥RHO%¥*5
XFINT(23) +12%PRD*¥RH*RX*XI*FINT(23) +12%PRD*RH*RH*XI
*FINT(27) -12%PRD¥RH*XX*XI*FINT(27) +12%PRD*¥RHO**5
*¥FINT(30) -12%PRD*¥RH*RX*XI*FINT(30) -12%PRD*¥RH*RH*XI
*FINT(32) +12%PRD*RH*XX*XI*FINT(32)) /2/PI

CHt+tttttttttttttttttttttttttttrrttttrtttiitiitttttttts
C NORMAL SHEAR DUE TO NORMAL KIRCHHOFF'S SHEAR
FUNCTION FINTQ1D (RHO,ZET,XI,RS1,RS2)

C

W I W W W I I W I I K N

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH
XX
PRR

-

RHO*XI
RHO*RHO

XI*XI

PR*PR
PRD = 1.-PR
FINTQLD = RIGID*XI*(16%¥PRD¥RHO/XI*FINT(2) -2%(1-5%PR)*FINT(6)

+(52+60%PR ) ¥RHO*¥XI*FINT(3) -44*PRD*RH*RHO/XI*FINT(3)
+(40-96*%PR ) *RH¥FINT(7) -(48+8*PR)*XX*FINT(7)
+(16-80%PR)*RHO*XI*FINT(12) -64%PRD*RH*RHO/XI*FINT(12)
-24%(7+PR)*¥RX*XX*FINT(4) -(48+144%PR)*RX*RH*FINT(4)
+24%PRD*RHO**5/XI*FINT(4) +48*XX*XX*FINT(8)
+(192+96%PR ) *RH*XX*FINT(8) -48%(1-2*PR)*RH*¥RH*FINT(8)
+24%(4+2%PR)*RX*¥XX*FINT(13) -72%(1-3%PR)*RX*RH*¥FINT(13)
+168*PRD*RH*RH*¥RHO/XI*FINT(13) -216%¥PRD*RH¥RH*FINT(16)
+(120-216%PR ) *RH*XX*FINT(16) +288%PRD*RX**3*FINT(39)
-192*%PRD¥RH*RH¥RX*FINT(39) -96%PRD*RHO**7/XI*FINT(39)
-96%PRD¥RH*XX*XX*¥FINT(40) -192%PRD*RH*RH*XX*FINT (40)
+288%PRD*RH**3*FINT (40) -192*%PRD*RX**3*FINT(41)
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* +192%PRD*RH*RH¥RX*FINT(41)) /2./PI
RETURN
END
CHtt+ttttttttttttttttststtttttttttttttttttittttttittttsd
C NORMAL KIRCHHOFF’S SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FINTV1D (RHO,ZET,XI,RS1,RS2)
C
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RHO*XI

RHO*RHO

XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTV1ID = RIGID*XI*(16%PRD*RHO/XI*FINT(2) -2%(1-5%PR)*FINT(6)
+(52460%PR ) *RHO*XI*FINT(3) -44*PRD*RH*¥RHO/XI*FINT(3)
+(40-96%PR ) *RH*FINT(7) -(48+8%PR)*XX*FINT(7)
+(16-80%PR ) *RHO*XI*FINT (12) -64*PRD*RH*RHO/XI*FINT(12)
-24%(7+PR)*RX*XX*FINT(4) -(48+144%PR)*RX*¥RH*FINT(4)
+24*PRD¥RHO**5/XI¥FINT(4) +48*XX*XX*FINT(8)
+(192+96*PR ) *RH*XX*FINT(8) -48%(1-2%PR)*RH*RH¥FINT(8)
+24% (4+2%PR ) *RX*XX*FINT(13) -72%(1-3%PR)*RX*¥RH*FINT(13)
+168%PRD*RH*RH*RHO/XI*FINT(13) -216*PRD*RH¥RH¥FINT(16)
+(120-216%PR ) *RH*XX*FINT(16) +288%PRD*¥RX**3*FINT(39)
-192%PRD*RH*RH*RX*FINT(39) -96*%PRD¥RHO**7/XI*FINT(39)
-96*PRD*RH*XX*XX*FINT(40) -192%PRD*RH¥RH*XX*FINT(40)
+288*PRD*RH**3*¥FINT(40) -192%PRD*¥RX**3*FINT(41)
+192*PRD*RH*RH*RX*FINT(41)) /2./PI

FINTV1D = FINTV1D + RIGID*PRD*XI/RHO*(PRD/XI*FINT(1)

>< 0 T
< e
nonn

W W W I W I I K W H

* -2%PRD/XI*FINT(10) +(143*%PR)*XI*FINT(2)
* +PRD*RH/XI*FINT(2) +(3-5%PR)*RHO*FINT(6)
* -2%(143%PR)*XI*FINT(11) -2%PRD*RH/XI*FINT(11)
* -14*¥PRD*¥RHO*FINT(14) -8*XX*XI*FINT(3)
¥ +4%(1-3%PR)*RH*XI*FINT(3) -4*PRD*RH*RH/XI*FINT(3)
* +8% (1+PR)*RHO*XX*FINT(7) +16*XX*XI*FINT(12)
* -8%(4-T*PR)*RH*XI*FINT(12) +8%PRD*RH*RH/XI*FINT(12)
* +8%(1-6%PR ) *RHO*XX*FINT(15) -28%PRD*RH*RHO*FINT(15)
* +32%PRD¥RH*XI*¥FINT(17) -12%(1+7*PR)*RH*XX*XI*FINT(13)
* ~36%PRD*¥RH*¥RH*XI*FINT(13)-12%(5-9%PR)*RX*RH*XI*FINT(16)
* +48*RX*¥XX*XI*FINT(16) +60%PRD*RHO**5%FINT(16)
¥ -48%(2-3%PR)*RH*XX*XI*FINT(18) +96*PRD*RH*RH*XI
* *FINT(18) +24*PRD*¥RH*RX*XI*FINT(19) -96%PRD*RH**3
* *XI*FINT(41) +96%¥PRD*RH*RH*XX*XI*FINT(41) -96%PRD*RH
* *RHO*XX*¥XX*FINT(42) +96%PRD*RHO**5%XX*FINT(42)) /2/PI
RETURN
END

CH+t++++t+tttttttttttittttttttttttttitidttbitttttdttditt
C TRANSVERSE SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR
FUNCTION FINTQ2D (RHO,ZET,XI,RS1,RS2)
c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
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RHO*X1I

RHO*RHO

XX = XI*XI

PRR = PR*PR

PRD = 1.-PR

FINTQ2D = RIGID*XI*(-2.%(1-5%PR)*FINT(21) -8%(6+PR)*XX*FINT(22)
+8%(4-5%PR ) *¥RH¥FINT(22) -16%(1-5%PR)*RX*FINT(26)
+32%PRD*RH¥RHO/XI*FINT (26) +48%XX*XX*FINT(23)
+(144-96%PR ) *RH*XX*FINT(23) -144*PRD*RH¥RH*FINT(23)
-48%(2+PR)*RX*XX*FINT(27) +24% (1-3%PR ) *RX*RH*FINT(27)
-24*PRD*RH*RH*RHO/XI*FINT(27) -24%(5-9%PR)*RH*XX
XFINT(30) +168*PRD*RH*RH*FINT(30) +96%¥PRD¥RH**3
*FINT(43) -96*PRD*RH*XX*XX*FINT(43) +192¥PRD*¥RH*RHO
*XX*¥XI*FINT(44) -192%PRD*RH*¥RH*RX*FINT(44)
+96%PRD¥RH*XX*¥XX*¥FINT (45) -96%PRD*¥RH**3*FINT(45)
-192%PRD*RH*¥RX*XX*FINT (46) +192*PRD*¥RH¥RH*RX*FINT(46))
/2./P1

o o
= n i ]

RETURN
END

CH+tt++tttttttttttttttstttittittttttttittstttttiittiitt
C TRANSVERSE KIRCHHOFF'S SHEAR DUE TO NORMAL KIRCHHOFF’S SHEAR

C

W H W K WK K H N K

EE R R R

FUNCTION FINTV2D (RHO,ZET,XI,RS1,RS2)

IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)

RX
RH

RHO*XI

RHO*RHO

XX = XI*XI

PRR = PR¥PR

PRD = 1.-PR

FINTV2D = RIGID*XI*(-2.*%(1-5%PR)*FINT(21) -8%(6+PR)*XX*FINT(22)
+8%(4-5%PR)*RH*¥FINT(22) -16%(1-5%PR)*RX*FINT(26)
+32*PRD*¥RH*RHO/XI*¥FINT (26) +48*XX*XX*FINT(23)
+(144-96%PR)*RH*XX*FINT(23) -144%PRD*¥RH¥RH*¥FINT(23)
-48%(24PR)*RX*XX*FINT(27) +24%(1-3*PR)*RX*RH*FINT(27)
-24*PRD*RH*RH*RHO/XI*FINT(27) -24*(5-9%PR)*RH¥XX
*FINT(30) +168*PRD*¥RH*¥RH*FINT(30) +96*PRD*¥RH**3
*FINT(43) -96%PRD¥RH¥XX*XX*FINT(43) +192*PRD*RH*RHO
*XX*XI*FINT(44) -192%PRD*RH*RH*RX*FINT(44)
+96%PRD¥RH*XX*XX¥FINT (45) -96%PRD¥RH**3*FINT(45)
-192*PRD¥RH*RX*XX*FINT(46) +192%PRD¥RH*RH*¥RX*FINT(46))
72./P1

FINTV2D = FINTV2D + RIGID*PRD*XI*((1+PR)*FINT(21)

-6%PRD*¥FINT(28) +4%(5-7*PR)*RH¥FINT(22)

-4%(3-PR)*XX*FINT(22) +8%(1+4%PR)*RX*FINT(26)

+20%PRD*RH*¥RHO/XI*FINT(26) -24*%PR*XX*¥FINT(29)

-12*PRD*RH*FINT(29) -24*PRD*RX*FINT(31)

tlz*(9-5*PR)*RX*RX*FINT(23) -108%PRD*RH*RH*FINT(23)

Z48%(3-PR)*RX*XX*FINT(27) +48%(2-3%PR)*RX*RH*FINT(27)

-24%PRD¥RH*RH*RHO/XI*FINT(27) -12%(5-13*PR)*RH*XX

*¥FINT(30) +48*XX*XX*FINT(30) +132%PRD*RH*RH*FINT(30)

+48%(1-2%PR)*RX*¥XX*FINT(32) -72%PRD¥RX*RH*FINT(32)

nwn w
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-24*%PRD*¥RH*XX*FINT (33) -96*PRD*RH*¥RH*XX*FINT(43)
+96%PRD¥RH**3*FINT(43) +192%PRD*¥RX**3*FINT(44)
-192%PRD¥RX*RH*¥RH*¥FINT (44) +192%PRD*RH*RH*XX*FINT (45)
-96*PRD*¥RH*XX*XX*FINT(45) -96%PRD*RH**3*¥FINT(45)
~192%PRD¥RX**3%¥FINT (46) +192*PRD*RH*RH¥RX*FINT(46)
+96*PRD¥RH*¥XX*XX*FINT (47) -96%PRD*¥RH¥RH*XX*FINT(47))
/2/P1

I I K H W I

RETURN
END
o L g
C SUBPROGRAM TO COMPUTE INTEGRATED TERMS USED IN EACH FUNCTION
SUBROUTINE FNINTEG1 (RHO,ZET,XI,AL1,AL2,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION GR(4),RS(4)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
C
RX = RHO*XI
RX1 = 2.%RX
RXS = RHO + XI
RXD = RHO - XI
RXA = DABS(RXD)
RXS1 = RHO*RHO + XI*XI
RXS2 = RXS1*RXS1
RXD1 = RHO*RHO - XI*XI
RXD2 = RXD1*RXD1
RXA1 = DABS(RXD1)
CALL CALR2 (XI,AL1,RHO,ZET,R1,GR(1))
RS1 = R1*R1
CALL CALR2 (XI,AL2,RHO,ZET,R2,GR(2))
RS2 = R2*R2
c
C
IF (GR(1).LT.-PI.AND.GR(2).LE.-PI) THEN
GR(1) = 2.%PI + GR(1)
GR(2) = 2.*%PI + GR(2)
ELSE IF (GR(1).LT.0.0.AND.GR(2).LE.0.0) THEN
TEM = GR(1)
GR(1) = -GR(2)
GR(2) = -TEM
TEM = RS1
RS1 = RS2
RS2 = TEM
ELSE IF (GR(1).GE.PI.AND.GR(2).GT.PI) THEN
TEM = GR(1)
GR(1) = 2.*PI - GR(2)
GR(2) = 2.*PI - TEM
TEM = RS1
RS1 = RS2
RS2 = TEM
ENDIF
C
RS(1) = RS1
RS(2) = RS2



II =1
IF (GR(1).LT.0.0) THEN
IT = 2
GR(4) = -GR(1)
GR(3) = 0.0
GR(1) = 0.0
RS(4) = RS(1)
RS(3) = RXD*RXD
RS(1) = RXD*RXD
ELSE IF (GR(2).GT.PI) THEN
II = 2
GR(4) = PI
GR(3) = 2%PI - GR(2)
GR(2) = PI
RS(4) = RXS*RXS
RS(3) = RS(2)
RS(2) = RXS*RXS
ENDIF

DO 10 I = 1, 47
FINT(I) = 0.0
10 CONTINUE

i1 & »}

I2 =0

DO 100 I =1, II
I1 = I1 + 2
12 = 12 + 2

1-INTEGRATION OF FUNCTION "1/R¥*2"
FN1 = 2./RXA1*DATAN(RXS/RXA*DTAN(GR(I11)/2))
FN2 = 2./RXA1*DATAN(RXS/RXA*DTAN(GR(I12)/2))
FINT1 = FN2 - FN1
FINT(1) = FINT(1) + FINT1

2-INTEGRATION OF FUNCTION "1/R¥*¥4"
FN = DSIN(GR(I2))/RS(I2) - DSIN(GR(I1))/RS(I1)
FINT(2) = FINT(2) + (RX1*¥FN + RXS1*FINT1) /RXD2

3-INTEGRATION OF FUNCTION "1/R¥*6"
FN1 = DSIN(GR(I2))/RS(I2)%*2 - DSIN(GR(I1))/RS(I1)**2
CCl = 3.*RX*RXS1/RXD2
CC2 = (2.*RXS2 + RX1*RX1) /2./RXD2
FINT(3) = FINT(3) + (CC1*¥FN + RX*FN1 + CC2*FINT1) /RXD2

4-INTEGRATION OF FUNCTION "1/R¥%*8"

FN2 = DSIN(GR(I2))/RS(I2)**3 - DSIN(GR(I1))/RS(I1)**3
CCl = (11.*RX*RXS2 + 2.*RX1%*3) /RXD2/RXD2

CC2 = 5.%RX*RXS1/RXD2

CC3 = 3.%RXS1%(2.*RXS2 + 3.*RX1*RX1) /RXD2/RXD2/2.

FINT(4) = FINT(4) + (CC1*¥FN + CC2*FN1 + RX1*FN2
X + CC3*FINT1) /RXD2/3.

5-INTEGRATION OF FUNCTION "COS(GR)/R¥*2"
FINT(5) = FINT(5) - 1.*((GR(I2)-GR(I1))-RXSI1*FINT1)/RX1
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C
C

C
C

c
C

6-INTEGRATION OF FUNCTION "COS(GR)/R**4"
FINT(6) = FINT(6) + (RXS1*FN + RX1*FINT1) /RXD2

7-INTEGRATION OF FUNCTION "COS(GR)/R**6"
CC1 = (RXS2 + 2.*RX1#%RX1)/RXD2
CC2 = 3.*RXS1*RX1/RXD2
FINT(7) = FINT(7) + (CC1*¥FN + RXS1*FN1 + CC2*FINT1) /RXD2/2.

8-INTEGRATION OF FUNCTION "COS(GR)/R¥*8"
CCl1 = (2.*RXS2¥RXS1 + 13.*RXS1*RX1%RX1)/RXD2/RXD2/2.
CC2 = (2.*%RXS2 + 3.*RX1*RX1)/RXD2/2.
CC3 = (12.*RX1*RXS2 + 3.*RX1*%3)/RXD2/RXD2/2.
FINT(8) = FINT(8) + (CC1*FN + CC2*FN1 + RXS1*FN2
* + CC3*FINT1) /RXD2/3.

9-INTEGRATION OF FUNCTION "AL*SIN(GR)/R**2"
GRM = (GR(I2) + GR(I1)) /2.
RSM = RXS1 - RX1*DCOS(GRM)
ELLE = (GR(I2) - GR(I1l)) *XI
FINT(9) = FINT(9) + GRM*DSIN(GRM)/RSM *ELLE

10-INTEGRATION OF FUNCTION "SIN(GR)**2/R¥*2"
FN1 = DSIN(GR(I2)) - DSIN(GR(I1))
CC1 = (RXS1*RS(I1)-RXD2)/RX1/RS(I1)
IF (CC1.GT.1.0) cCC1 # 1.8
IF (CC1.LT.-1.0) CCl'=/=1.0
CC2 = (RXS1*RS(I2)-RXD2)/RX1/RS(12)
IF (CC2.GT.1.0) t¢ec2 = 1,0
IF (CC2.LT.-1.0) €C2 = -=1.0
FN2 = DASIN(CC2) - DASIN(CC1)
FN3 = DASIN(DCOS(GR(I2))) - DASIN(DCOS(GR(I1)))

FINT(10) = FINT(10) + (FN1 - RXA1/RX1¥FN2 - RXS1/RX1*FN3) /RX1

11-INTEGRATION OF FUNCTION "SIN(GR)*#*2/R*¥*4"

FINT(11) = FINT(11) + (-1.%FN+RXS1/RX1/RXA1*¥FN2+FN3/RX1) /RX1

12-INTEGRATION OF FUNCTION "SIN(GR)**2/R**6"
FNN1 = ((RXS1*RS(I1)-RXD2)/2./RXD2/RS(I1)**2)*DSIN(GR(I1))
FNN2 = ((RXS1*RS(I2)-RXD2)/2./RXD2/RS(I2)*%2)*DSIN(GR(I2))
FINTT1 = (FNN2 - FNN1 + RX/RXD2/RXA1¥FN2) /RX1
FINT(12) = FINT(12) + FINTT1

13-INTEGRATION OF FUNCTION "SIN(GR)**2/R**8"
FNN1 = ((RXS2*RS(I1)-RXS1*¥RXD2)/2./RXD2¥*2/RS(I1)*%*2)
* *DSIN(GR(I1))
FNN2 = ((RXS2*RS(I2)-RXS1*RXD2)/2./RXD2%¥*2/RS(I2)%*%*2)
* *DSIN(GR(I2))

FN4 = (DSIN(GR(I2))/RS(I2))**3 - (DSIN(GR(I1))/RS(I1))**3
CC1 = RX1*RX1/3./RXD2 :
CC2 = (RXS2*RXS1 - RXS1*RXD2)/2./RXD2/RXD2/RX1/RXAl

FINTT2 = (FNN2 - FNN1 + CC1*FN4 + CC2*FN2) /RX1
FINT(13) = FINT(13) + FINTT2

39-INTEGRATION OF FUNCTION "SIN(GR)**2/R¥*10"
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FNN1 = DSIN(GR(I2))*¥%3/RS(I2)%**4 - DSIN(GR(I1))**3/RS(I1)%%4
CC1 = RX1/4./RXD2

CC2 = 5*RXS1/4./RXD2

FINTT3 = CC1*¥FNN1 + CC2*FINTT2 - FINTT1/4./RXD2

FINT(39) = FINT(39) + FINTT3

NTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R**4"
FINT(14) = FINT(14) + (-1.%FN1 - RXS1*¥FN + (RHO**4+XI**4)/RX/RXA1l
*FN2 + RXS1/RX*FN3) /RX1/RX1

NTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R**6"

FNN1 = (RXS1/2./RS(I1)**2-RXS1*RXS1/2./RS(I1)/RXD2-1./RS(I1))
*DSIN(GR(I1))

FNN2 = (RXS1/2./RS(I2)**2-RXS1*RXS1/2./RS(I2)/RXD2-1./RS(I2))
*DSIN(GR(I2))

FNN3 = (3.*RXS1/2./RXAl - RXS1%%*3/2./RXD2/RXA1) /RX1
FINT(15) = FINT(15) - (FNN2 - FNN1 + FNN3*FN2 + FN3/RX1)/RX1/RX1

NTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R**8"

FNN1 = (RXD2 - RXS1*RS(I11)) /RXD2%%2/RS(I1)%¥*2/2.*DSIN(GR(I1))
FNN2 = (RXD2 - RXS1*RS(I2)) /RXD2%¥2/RS(I12)%%2/2.*DSIN(GR(I2))
CC1 = RXS1/3./RXD2

CC2 = RX1/2./RXD2/RXD2/RXAl

FINT(16) = FINT(16) + (CC1*¥EN4 - FNN2 + FNN1 + CC2%FN2)

NTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**2/R**10"
FINT(40) = FINT(40) + FINTT3%*RXS1/RX1 - FINTT2/RX1

NTEGRATION OF FUNCTION "SIN(GR)**4/R¥*6"

FNN1 = (RXD2-RXS1*RS(I1)) /(RXD2¥RS(I1))**2*RX*¥DSIN(GR(I1))**5
FNN2 = (RXD2-RXS1*RS(I2)) /(RXD2*RS(I2))**2*RX*DSIN(GR(I2))**5
FNN3 = (RXD2-RXS1*RS(I11)+2.*RXS2) /2/RX1/RXD2¥*2*DSIN(GR(I1))**3
FNN4 = (RXD2-RXS1*RS(I2)+2.%RXS2) /2/RX1/RXD2**2*DSIN(GR(I2))**3
FNN5 = 3.%(RXD2-RXS1*RS(I1)+2.*RXS2) /2/RX1¥%3/RXD2*DSIN(GR(I1))
FNN6 = 3.%(RXD2-RXS1*RS(I2)+2.*%RXS2) /2/RX1%*3/RXD2*¥DSIN(GR(12))
CC1 = 3.%(RHO*¥*4+XI*%*4)/RX1**4/RXA1l

CC2 = 3.*RXS1/RX1%**4

FINT1 = FNN2-FNN1 +FNN4-FNN3 -FNN6+FNN5 +CC1*FN2 + CC2¥FN3
FINT(17) = FINT(17) + FINT1

NTEGRATION OF FUNCTION "SIN(GR)**4/R**8"

FNN1 = (2.%RXD2**2+RXD2*RXS1*RS(I1)+(4.%¥RXD2-RXS2)*RS(I11)%*2)
/6./(RXD2*RS(I1))**3%RX1*DSIN(GR(I1))**5

FNN2 = (2.*%RXD2%*2+RXD2*RXS1*RS(I12)+(4.%¥RXD2-RXS2)*RS(12)**2)
/6./(RXD2¥RS(12))**3*%RX1*DSIN(GR(I2))**5

FNN3 = (7.%RXD2*%RXS1-2*%RXS1¥*3+(RXS2-4.%RXD2)*RS(I1))
/6./RX1/RXD2¥*3*DSIN(GR(I1))**3

FNN4 = (7.*%RXD2*%RXS1-2%RXS1¥*3+(RXS2-4.*RXD2)*RS(12))
/6./RX1/RXD2%*3%DSIN(GR(I2))**3

FNN5 = (5.%RXD2*RXS1-2*%RXS1¥*3+(RXS2-2.*RXD2)*RS(I1))
/2./RX1%%3/RXD2%*2*¥DSIN(GR(I1))

FNN6 = (5.*%RXD2*RXS1-2%¥RXS1¥*3+(RXS2-2.*RXD2)*RS(12))

/2./RX1%%3/RXD2**2*DSIN(GR(I2)) '

(RXS1¥%3-3.*RXD2*¥RXS1)/2./RX1**4/RXD2/RXAl .

= FNN2-FNN1 -FNN4+FNN3 +FNN6-FNN5 +CC1*FN2 - FN3/RX1**

CC1 =
FINT2
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FINT(18) = FINT(18) + FINT2

C 41-INTEGRATION OF FUNCTION "SIN(GR)**4/R**10"
FNN1 = DSIN(GR(I2))**5/RS(I2)%*4 - DSIN(GR(I1))**5/RS(I1)**4
CC1 = RX1/4./RXD2
CC2 = 3%RXS1/4./RXD2
FINT3 = CC1*¥FNN1 + CC2¥FINT2 + FINT1/4./RXD2
FINT(41) = FINT(41) + FINT3

C 19-INTEGRATION OF FUNCTION "COS(GR)*SIN(GR)*%*4/R**8"
FINT(19) = FINT(19) + (RXS1/RX1*FINT2 - FINT1/RX1)

C 42-INTEGRATION OF FUNCTION "COS(GR)*SIN(GR)**4/R**10"
FINT(42) = FINT(42) + FINT3*RXS1/RX1 - FINT2/RX1

C 34-INTEGRATE BY PARTS OF FUNCTION "W"
FN1 = DLOG(RS(I1))
FN2 = DLOG(RS(I2))
FINT(34) = FINT(34) + (RXS1*GR(I2)-RX1*DSIN(GR(I2)))*FN2
* - (RXS1*GR(I1)-RX1*DSIN(GR(I1)))*FN1

C 35,36-INTEGRATE BY PARTS OF FUNCTION "dW/dn"
FN1 = 1. + FN1
FN2 = 1. + FN2

FINT(35) = FINT(35) + (XI*GR(I2)-RHO*DSIN(GR(I2)))*FN2
* - (XI*GR(I1)-RHO*DSIN(GR(I1)))*FN1

FINT(36) = FINT(36) + (RHO*GR(I2)-XI*DSIN(GR(I2)))*FN2
* - (RHO*GR(I1)-XI*DSIN(GR(I1)))*FN1

C 37-INTEGRATE BY PARTS OF FUNCTION "M"
FINT(37) = FINT(37) + GR(I2)*FN2 - GR(I1)*FN1

C 38-INTEGRATE BY PARTS OF FUNCTION "dSL/dn"
FINT(38) = FINT(38) + DSIN(GR(I2))*FN2 - DSIN(GR(I1))*FN1

100 CONTINUE
RETURN
END
Crxfkrkkkkkkikkkkkkkkkkkkkkkkkkkkkkkkkkikkkkkkkkrkkkhkkkkkkkkkkk
C SUBPROGRAM TO COMPUTE INTEGRATED TERMS USED IN EACH FUNCTION
SUBROUTINE FNINTEG2 (RHO,ZET,XI,AL1,AL2,RS1,RS2)

C
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION GR(4),RS(2)
COMMON /CONST/ PR,PI,RIGID
COMMON /FINTEG/ FINT(47)
c
RX = RHO*XI
RX1 = 2.%RX
RXS = RHO + XI
RXD = RHO - XI
RXA = DABS(RXD)
RXS1 = RHO*¥RHO + XI*XI
RXS2 = RXS1*RXS1
RXD1 = RHO*RHO - XI*XI
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RXD2 = RXD1*RXD1
RXA1 = DABS(RXD1)
I1 =1

CALL CALR2 (XI,AL1,RHO,ZET,R1,GR(I1))
RS(I1) = R1*R1

12 = 2

CALL CALR2 (XI,AL2,RHO,ZET,R2,GR(I2))
RS(I2) = R2*R2

20-INTEGRATION OF FUNCTION "SIN(GR)/R*¥*2"
FN = DLOG(RS(I2)) - DLOG(RS(I1))
FINT(20) = FN/RX1

21-INTEGRATION OF FUNCTION "SIN(GR)/R*¥*4"
FN1 = 1/RS(I2) - 1./RS(I1)
FINT(21) = -1.¥FN1/RX1

22-INTEGRATION OF FUNCTION "SIN(GR)/R*¥*6"
FN2 = 1/RS(I2)**2 - 1./RS(I1)**2
FINT(22) = -1.*FN2/RX1/2.

23-INTEGRATION OF FUNCTION "SIN(GR)/R*¥*8"
FN3 = 1/RS(I2)**3 - 1./RS(I1)**3
FINT(23) = -1.*¥FN3/RX1/3.

43-INTEGRATION OF FUNCTION "SIN(GR)/R**10"
FN4 = 1/RS(I12)**4 - 1./RS(I1)*%4
FINT(43) = -1.*%FN4/RX1/4.

24-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)/R**2"
FNN1 = DCOS(GR(I2)) - DCOS(GR(I1))
FINT(24) = FNN1/RX1 + RXS1/RX1/RX1*FN

25-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)/R¥*4"
FINT(25) = -1.*%RXS1/RX1/RX1*FN1 - FN/RX1/RX1

26-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)/R**6"
FINT(26) = FN1/RX1/RX1 - RXS1/2/RX1/RX1¥FN2

27-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)/R**8"
FINT(27) = FN2/2./RX1/RX1 - RXS1/3./RX1/RX1¥FN3

44-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)/R¥¥10"
FINT(44) = FN3/3./RX1/RX1 - RXS1/4./RX1/RX1*FN4

28-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**2/R¥*4"
FINT(28) = -1.*%FNN1/RX1/RX1 - RXS2/RX1**3*FN1
* - 2.%RXS1/RX1%*3%FN

29-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**2/R¥*6"
FNN2 = DCOS(GR(I2))/RS(I2)%%2 - DCOS(GR(I1))/RS(I1)**2
CCl = 3.%RXS2/2./RX1%%*3
CC2 = 2.*RXS1/RX1%%2
FINT(29) = FN2*CCl - CC2*FNN2 + FN/RX1%%3
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Q

30-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**2/R¥*8"
FNN3 = DCOS(GR(I2))/RS(I2)**3 - DCOS(GR(I1))/RS(I1)*%*3
FNN4 = DCOS(GR(I12))**2/RS(I2)*%3 - DCOS(GR(Il))**2/RS(Il)**3
CC1 = RXS1/RX1%%2
CC2 = RXS2/RX1%*3/3
FINT(30) = -1.%FNN4/RX1 + CC1¥FNN3 - FN3*CC2

Qo

45-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**2/R¥*10"
FINT1 = DCOS(GR(I2))/RS(I2)**4 - DCOS(GR(I1))/RS(I1)**4
FINT2 = DCOS(GR(I2))**2/RS(I2)**4 - DCOS(GR(I1))**2/RS(I1)%**4
FINT(45) = FINT1*RXD1/RX1/RX1/3. - FINT2/RX1/2.
* - FN4*RXS2/RX1%*%3/12.

(o o]

31-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**3/R**6"

FNN5 = (DCOS(GR(I2))/RS(I2))**2 - (DCOS(GR(I1))/RS(I1))**2
FNN6 = DCOS(GR(I2))**3/RS(I12)**2 - DCOS(GR(I1))**3/RS(I1)**2
CC1 = 2.*RXS1/RX1%%2

CCZ = 5.*RXS2*RXS1/RX1%%4/2,

CC3 = 3.*RXS1/RX1%*4

FINT(31) = FNN6/RX1 - CC1¥FNN5 - FNN2*CC1/RX1
* + CC2¥FN2 - CC3*FN

aQa

32-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**3/R**8"
CCl1 = 3.*%RXS1/RX1%%2
CC2 = 9.*%RXS2/RX1%%*3/2,
CC3 = 11.*RXS2*RXS1/RX1%*%4/6.
FINTT1 = -1.*FNN4*%CC1 + CC2*FNN3 - FN3*CC3 - FN/RX1%*%4
FINT(32) = FINTT1

€ Q)

46-INTEGRATION OF FUNCTION "SIN{GR)*COS(GR)**3/R¥*10"
FINT3 = DCOS(GR(I2))**3/RS(12)**4 - DCOS(GR(I1))#**3/RS(I1)*%4

CCl = 3.*RXS1/RX1%%2/2,
CC2 = RXS2/RX1%*3
CC3 = RXS2*RXS1/RX1%%¥4/4,

FINT(46) = -1.*¥FINT3/RX1 + CC1*FINT2 - CC2*FINT1 + CC3*FN4

aQa

33-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)**4/R**8"
FNN5 = DCOS(GR(I2))**4/RS(I12)**3 - DCOS(GR(I1))**4/RS(I1)*%3

CCl = 12.*%RXS2/RX1%%3
CC2 = 18.*%RXS2¥RXS1/RX1%%4,
CC3 = 22.*RXS2*RXS2/RX1%*%5/3.

FINT(33) = FNN5/RX1 - CC1*FNN4 + CC2*FNN3
* - FN3*CC3 - FN%4,*RXS1/RX1%*5

CxCy

47-INTEGRATION OF FUNCTION "SIN(GR)*COS(GR)*¥*4/R¥*10"
FINT1 = DCOS(GR(I2))**4/RS(I2)%*4 - DCOS(GR(I1))**4/RS(I1)%**4
FINT(47) = -1.*¥FINT1/RX1/4. - FINTT1/RX1

RETURN
END
CHixkkrkksiokkkkkkkkkkksokkkkkkkkkkkkkkkkkokkkkkkkkkkkxkx

C INFLUENCED FUNCTION FOR UNIFORMLY DISTRIBUTED LOAD
Cx¥xxkkkkkkkkkkkkkkkokkkkkkkkkkkkkkkkkkkkkkokkkkkkkkkkkxk
C INTEGRAL OF NORMAL BENDING MOMENT

FUNCTION FUNCQM1 (RHO)



IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)

RAT
PR1

RHO/ROUT
1.4PR
PR2 = 1.-PR
PR3 = 3.4PR
FUNCQM1 = -1.*UNIF*¥ROUT**2*(PR3*RAT**2 + 2.%PR1%(2.*DLOG(ROUT)
* + 1.)) 718,
IF (KCIR.EQ.0) GO TO 10
RAT = RHO/RINN
FUNCQM1 = FUNCQM1 - UNIF*RINN**2%(PR2/RAT**2 -4,*PR1*DLOG(RHO)
* -2.%PR3) /16,
10 RETURN
END
Ctttt++t4++++++++++++++4++++++4+++++4++4+4444
C INTEGRAL OF TRANSVERSE BENDING MOMENT
FUNCTION FUNCQM2 (RHO)

C

IMPLICIT REAL*8(A-H,0-Z)

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)
C

RAT = RHO/ROUT

PR1 = 1.4PR

PRZ2 = 1.-PR

PR3 = 1.43.%PR

FUNCQM2 = -1,*%UNIF*ROUT#**2%(PR3*RAT**2 + 2,%PR1*(2.*DLOG(ROUT)

* + 1.)P htbs

IF (KCIR.EQ.0) GO TO 10
RAT = RHO/RINN
FUNCQM2 = FUNCQM2 + UNIF*RINN**2%(PR2/RAT**2 +4.%*PR1*DLOG(RHO)
* + 2.%PR3) /16.
10 RETURN
END
CH++tttttttttttttttttttttttttttittttttttittst
C INTEGRAL OF NORMAL SHEAR
FUNCTION FUNCQQ1l (RHO)

C

IMPLICIT REAL*8(A-H,0-2)

COMMON /CONST/ PR,PI,RIGID

COMMON /ANNULAR/ KCIR,ROUT,RINN

COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)
C

FUNCQQ1 = -1.*UNIF*RHO/2.
IF (KCIR.EQ.0) GO TO 10
FUNCQQ1 = FUNCQV1 + UNIF*RINN*#¥2/RHO/2.
10 RETURN
END
CHétt 444ttt bttt it bbbttt itd St it + 43 44
C INTEGRAL OF NORMAL KIRCHHOFF’S SHEAR
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FUNCTION FUNCQV1 (RHO)

c
IMPLICIT REAL*8(A-H,0-Z)
COMMON /CONST/ PR,PI,RIGID
COMMON /ANNULAR/ KCIR,ROUT,RINN
COMMON /LOAD/ UNIF,NPT,PLOAD(10),PRHO(10),PANG(10)
C
FUNCQV1 = -1,*UNIF*RHO/2.
IF (KCIR.EQ.0) GO TO 10
FUNCQV1 = FUNCQV1 + UNIF*RINN**2/RHO/2.
10 RETURN
END
C:::::::===:::::::::::::::::::::::
C LABEL PRINTING SUBROUTINE
C:::::::::::::::::::::::::::::::::
SUBROUTINE LABEL (Al1,A2,A3,A4,A5,A6,A7)
g
COMMON /L1O/ LR,LW,LC,LM
C
WRITE (LW,2000) Al,A2,A3,Ad,A5,A6,A7
RETURN
2000 FORMAT (/5X,7A4)
END
C:::::::::::::::::::::===:==:===
C PRINTING OF 1-D ARRAY
C::======:::::::::::::::::::::::
SUBROUTINE DISP1 (A,NC)
c
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(1)
COMMON /LIO/ LR,LW,LC,LM
C
J1=0
J2.= 0
IC) = 9
10 J1

=J2 +1

J2 = J1 + ICJ
IF (J2.GE.NC) J2 = NC
WRITE (LM,2000) (J,J=J1, J2)
WRITE (LM,2001)
WRITE (LM,2010) (A(J),J=J1, J2)
WRITE (LM,2001)
IF (J2.NE.NC) GO TO 10
RETURN

2000 FORMAT (12X,10I110)

2001 FORMAT (/5X,’ ’)

2010 FORMAT (2X,10X,10F10.5)

END
C::::::::::::::::‘::::::::=====:=
C WRITE 1-D ARRAY ON TAPE # 6
C=====::========:=========:=:===

SUBROUTINE WTAPE1 (A,NC)

C

IMPLICIT REAL*8(A-H,0-2)
DIMENSION A(1)
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COMMON /LIO/ LR,LW,LC,LM

J1 =0
Ja2 = 0
ICJ = 9
10J1 =J2 +1
J2 = J1 + ICJ

IF (J2.GE.NC) J2 = NC
WRITE (LC,2000) (J,J=J1, J2)
WRITE (LC,2001)
WRITE (LC,2010) (A(J),J=J1, J2)
WRITE (LC,2001)
IF (J2.NE.NC) GO TO 10
RETURN '

000 FORMAT (6X,10I14)

001 FORMAT (/5X,’ )

010 FORMAT (2X,10X,10D14.5)
END

o . s s s e e W . . s . St s . o o o — — — — — —_ ——————

SUBROUTINE DISP2 (A,NR,NC)

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(NR,1)
COMMON /LIO/ LR,LW,LC,LM

J1 =0
J2 =0
ICJ = 9
10J1 =J2 +1
J2 = J1 + 1ICJ

IF (J2.GE.NC) J2 = NC
WRITE (LM,2000) (J,J=J1,J2)
WRITE (LM,2001)
DO 100 I = 1, NR
IP =1
WRITE (LM,2010) IP,(A(I,J),J=J1,J2)
100 CONTINUE
WRITE (LM,2001)
WRITE (LM,2001)
IF (J2.NE.NC) GO TO 10
RETURN
000 FORMAT (12X,10I10)
001 FORMAT (/5X,’ )
010 FORMAT (2X,I15,5X,10F10.5)
END

o o o o o T T e e e o S e e G e S o - ——— -
S S G G ——— o — — . —— ——————————————l=I==

T o o o T e T e e e e S e e S o o ———————— o —
. . . . . T . ———— — o — — — — — —— ——— — —————

SUBROUTINE WTAPE2 (A,NR,NC)

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(NR,1)
COMMON /LIO/ LR,LW,LC,LM
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C
J1 =20
J2 =0
ICJ = 9
10J1 =J2 +1

J2 = J1 + ICJ
IF (J2.GE.NC) J2 = NC
WRITE (LC,2000) (J,J=J1,J2)
WRITE (LC,2001)
DO 100 I = 1, NR
IP = 1
WRITE (LC,2010) IP,(A(I,J),J=J1,J2)
100 CONTINUE
WRITE (LC,2001)
WRITE (LC,2001)
IF (J2.NE.NC) GO TO 10
RETURN
2000 FORMAT (6X,10I14)
2001 FORMAT (/5X,’ ’)
2010 FORMAT (2X,I5,5X,10D14.5)
END
CHtttttttttt+t+++4++++++++4+++444+++4++++++444
SUBROUTINE WTAPE2A (A,NR)

C
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION A(NR,1)
COMMON /LIO/ LR,LW,LC,LM
C

WRITE (LC,2001)

WRITE (LC,2002)

WRITE (LC,2001)

DO 100 I = 1, NR

WRITE (LC,2010) I,(A(I,J),J=1,8)
100 CONTINUE

WRITE (LC,2001)

WRITE (LC,2001)

RETURN

2001 FORMAT (/5X,' ')

2002 FORMAT (1X,’PT.NO.’,7X,’w’,13X,’'Mr’,12X,’Mt’,12X, 'Mrt’,11X,’Qr’
*,12X,'¥r',12X,’Qt’,12X,°Vt")

2010 FORMAT (1X,I3,10D14.5)

END
CHRERRRRRRKRRRKRRKRRK KRR AR RRRRRRERKKRRK KKK
C SOLUTION FOR LINEAR SYSTEM OF EQUATIONS
CHkxxkkkRRRRRRRRRRKXRRRRRRRRRKERRKRRKLRRK

SUBROUTINE SLNPD (A,B,D,M)

c
IMPLICIT REAL*8(A-H,0-2)
DIMENSION A(M,1),B(1),IVEC(200)
COMMON /LIO/ LR,LW,LC,LM
C
DO1I=1,M
IVEC(I) =1
1 CONTINUE

MM =M-1



Y Q2 6

C

C REARRANGE X IN THE ORDER (X1,X2,X3,...

DO 8 J =1, MM
WRITE (LW,5000) J
5000 FORMAT (I5)
J1=J+1
IP=1J
JP =J
DO 2 IROW
DO 2 ICOL

oo

IF (DABS(A(IROW,ICOL)).LE.DABS(A(IP,JP))) GO TO 2

IP = IROW
JP = 1COL
2  CONTINUE
IF (IP.EQ.J.AND.JP.EQ.J) GO TO 6
IF (IP.EQ.J) GO TO 4
DO31=J, M
ATEMP = A(J,I)
A(J,1) = A(IP,1)
A(IP,I1) = ATEMP
3  CONTINUE
ATEMP = B(J)
B(J) = B(IP)
B(IP) = ATEMP
4 DO5I=1,M
ATEMP = A(I,J)
Al1,d) = A{1,TP)
A(I,JP) = ATEMP
5 CONTINUE
I = IVEC(J)
IVEC(J) = IVEC(JP)
IVEC(JP) = 1
6 DO 7 IROW = J1, M
C = -A(IROW,J) / A(J,J)
B(IROW) = B(IROW) + B(J)*C
DO 7 ICOL = J1, M

A(IROW,ICOL) = A(IROW,ICOL) + C*A(J,ICOL)

7  CONTINUE
8 CONTINUE

COMPUTE LAST UNKNOWN

B(M) = B(M)/A(M,M)

APPLY BACKSUBSTITUTION PROCESS TO COMPUTE REMAINING UNKNOWNS

DO 10 L = 1, MM
K=M-L
K1 =K+ 1
WRITE (LW,5000) K
DO 9 J = K1, M
B(K) = B(K) - A(K,J)*B(J)

9  CONTINUE

B(K) = B(K)/A(K,K)
10 CONTINUE

.)
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DO 13 I =1, M
DO11 K=1, M
IF (IVEC(K).NE.I) GO TO 11
BTEMP = B(I)
B(I) = B(K)
B(K) = BTEMP
GO TO 12
11 CONTINUE
12 IVEC(K) = IVEC(I)
13 CONTINUE

C
C COMPUTE VALUE OF DETERMINANT
C
D = 1 .
DO 250 1 =1, M
D = D*A(I,I)
250 CONTINUE
300 RETURN
2002 FORMAT (710X, *****x SINGULAR IN ROW’,15)
END
C******************************************************4 FERRRRRRE Ay g
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c
C PROGRAM FOR EDITING DATA FILE OF BEM. FOR CIRCULAR AND ANNULAR PLATE
C
o R S e S
C
DIMENSION KOUT(10),KINN(10),GAMM(10),BETA(10),NELOUT(10)
* ,NELINN(10),RCOL(10),ZECOL(10),PLOAD(10),PRHO(10)
* » PANG(10),WDIR(8),WRHO(20),WANG(20)
CHARACTER¥72 IFNAME
LW =1
LR =5
CALL TNOUA (’ INPUT DATA FILE NAME ===> ', INTS(30))
READ (LW,1000) IFNAME
OPEN (5,FILE=IFNAME)
CLOSE (5,STATUS='DELETE’)
OPEN (5,FILE=IFNAME)

WRITE (LW,2000)
WRITE (LR,2000)
WRITE (LW,2010)
WRITE (LR,2010)

WRITE (LW,2020)
WRITE (LR,2020)
WRITE (LW,2030)

READ (LW,*) KCIR
WRITE (LR,1010) KCIR

IF (KCIR.NE.O) GO TO 10
WRITE (LW,2040)
WRITE (LR,2040)
READ (LW,*) ROUT
WRITE (LR,1020) ROUT
GOTO 20

10 WRITE (LW,2050)
WRITE (LR,2050)
WRITE (LW,2060)
READ (LW,*) ROUT
WRITE (LR,1020) ROUT
WRITE (LW,2070)
READ (LW,*) RINN
WRITE (LR,1020) RINN

20 WRITE (LW,2080)
WRITE (LR,2080)
IF (KCIR.EQ.0) GO TO 30
WRITE (LW,2090)
30 READ (LW,*) NOUT
WRITE (LR,1010) NOUT
IF (KCIR.EQ.0) GO TO 40
WRITE (LW,2100)
READ (LW,*) NINN
WRITE (LR,1010) NINN



40

50

55

56

60

70

75

76

78

80

90

95

WRITE (LW,2110)
WRITE (LR,2110)
WRITE (LW,2120)
IF (KCIR.EQ.0) GO TO 50
WRITE (LW,2090)
DO 55 I = 1, NOUT
WRITE (LW,1010) I
READ (LW,*) KOUT(I)
CONTINUE
WRITE (LR,1010) (KOUT(I),I=1,NOUT)
IF (KCIR.EQ.0) GO TO 60
WRITE (LW,2100)
DO 56 I = 1, NINN
WRITE (LW,1010) I
READ (LW,*) KINN(I)
CONTINUE
WRITE (LR,1010) (KINN(I),I=1,NINN)

IF (NOUT.LE.1) GO TO 76
WRITE (LW,2130)
WRITE (LR,2130)
IF (KCIR.EQ.0) GO TO 70
WRITE (LW,2090)
DO 75 I = 1, NOUT
WRITE (LW,1010) I
IF (I.EQ.1) THEN
GAMM(I) = 0.
WRITE (LW,1020) GAMM(I)
ELSE
READ (LW,*) GAMM(I)
ENDIF
CONTINUE
WRITE (LR,1020) (GAMM(I),I=1,NOUT)
IF (KCIR.EQ.0) GO TO 80
IF (NINN.LE.1) GO TO 80
WRITE (LW,2100)
DO 78 T = 1, NINN
WRITE (LW,1010) I
IF (I.EQ.1) THEN
BETA(I) = 0.
WRITE (LW,1020) BETA(I)
ELSE
READ (LW,*) BETA(I)
ENDIF
CONTINUE
WRITE (LR,1020) (BETA(I),I=1,NINN)

WRITE (LW,2140)
WRITE (LR,2140)
IF (KCIR.EQ.0) GO TO 90
WRITE (LW,2090)
DO 95 I = 1, NOUT
WRITE (LW,1010) I
READ (LW,*) NELOUT(I)
CONTINUE
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C

96

100

110

120

130

WRITE (LR,1010) (NELOUT(I),I=1,NOUT)
IF (KCIR.EQ.0) GO TO 100
WRITE (LW,2100)
DO 96 I = 1, NINN
WRITE (LW,1010) I
READ (LW,*) NELINN(I)
CONTINUE
WRITE (LR,1010) (NELINN(I),I=1,NINN)

WRITE (LW,2150)
WRITE (LR,2150)
READ (LW,*) NCOL
WRITE (LR,1010) NCOL
IF (NCOL.LE.0) GO TO 120
WRITE (LW,2160)
DO 110 I = 1, NCOL
WRITE (LW,1010) I
WRITE (LW,2162)
READ (LW,*) RCOL(I)
WRITE (LW,2164)
READ (LW,*) ZECOL(I)
WRITE (LR,1020) RCOL(I),ZECOL(I)
CONTINUE

WRITE (LR,2170)

WRITE (LW,2180)

READ (LW,*) TH

WRITE (LW,2190)

READ (LW,*) PR

WRITE (LW,2200)

READ (LW,*) ELAS

WRITE (LR,1040) TH,PR,ELAS

WRITE (LW,2210)
WRITE (LR,2210)

READ (LW,*) UNIF
WRITE (LR,1020) UNIF

WRITE (LW,2220)

WRITE (LR,2220)

READ (LW,*) NPT

WRITE (LR,1010) NPT

IF (NPT.LE.0) GO TO 140

WRITE (LW,2230)

DO 130 I = 1, NPT
WRITE (LW,1010) I
WRITE (LW,2235)

READ (LW,*) PLOAD(I)
WRITE (LW,2162)
READ (LW,*) PRHO(I)
WRITE (LW,2164)
READ (LW,*) PANG(I)

WRITE (LR,1020) PLOAD(I), PRHO(I), PANG(I)

CONTINUE
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140 WRITE (LR,2240)
WRITE (LW,2250)
READ (LW,*) KW
WRITE (LR,1010) KW
IF (KW.LE.0) GO TO 150
WRITE (LW,2240)
DO 145 I = 1, KW
WRITE (LW,1010) I
READ (LW,*) WDIR(I)
145 CONTINUE
WRITE (LR,1020) (WDIR(I),I=1,KW)

WRITE (LR,2255)
WRITE (LW,2256)
READ (LW,*) KP
WRITE (LR,1010) KP

150 WRITE (LW,2260)
WRITE (LR,2260)
WRITE (LW,2270)
READ (LW,*) KWPT
WRITE (LR,1010) KWPT
IF (KWPT.LE.O) GO TO 170
WRITE (LW,2260)
DO 160 I = 1, KWPT
WRITE (LW,1010) I
WRITE (LW,2162)
READ (LW,*) WRHO(I)
WRITE (LW,2164)
READ (LW,*) WANG(I)
WRITE (LR,1020) WRHO(I), WANG(I)
160 CONTINUE
170 STOP
C
1000 FORMAT (A72)
1010 FORMAT (12I5)
1020 FORMAT (8F10.5)
1030 FORMAT (D20.10)
1040 FORMAT (2F10.5,D20.10)
2000 FORMAT (’'BOUNDARY ELEMENT METHOD FOR THE ANALYSIS OF CIRCULAR AND
¥ANNULAR PLATE’)
2010 FORMAT (' ’) :
2020 FORMAT (’ANALYSIS FOR CIRCULAR OR ANNULAR PLATE’)
2030 FORMAT (’ INPUT -0- FOR CIRCULAR -1- FOR ANNULAR PLATE’)
2040 FORMAT (’RADIUS OF CIRCULAR PLATE’)
2050 FORMAT (’RADIUS OF ANNULAR PLATE’)
2060 FORMAT (’ INPUT OUTER RADIUS’)
2070 FORMAT (’ INPUT INNER RADIUS’)
2080 FORMAT (’NUMBER OF COMBINATION BOUNDARY'’)
2090 FORMAT (’ FOR OUTER EDGE’)
2100 FORMAT (’  FOR INNER EDGE’)
2110 FORMAT (’TYPE OF COMBINATION BOUNDARY’)
2120 FORMAT (’ INPUT -0- FOR FREE -1- FOR SIMPLE -2- FOR CLAMP’)
2130 FORMAT (’THE BEGINING ANGLE OF EACH BOUNDARY (DEGREE)’)
2140 FORMAT (’'NUMBER OF ELEMENT IN EACH BOUNDARY’)



2150 FORMAT
2160 FORMAT
2162 FORMAT
2164 FORMAT
2170 FORMAT
*TY')
2180 FORMAT
2190 FORMAT
2200 FORMAT
2210 FORMAT
2220 FORMAT
2230 FORMAT
2235 FORMAT
2240 FORMAT
2250 FORMAT
2255 FORMAT
2256 FORMAT
2260 FORMAT
2270 FORMAT
END
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(’NUMBER OF COLUMN SUPPORTS’)

(* INPUT RADIUS AND ANGLE FOR EACH COLUMN’)

O R

(' ANGLE = ')

(’THICKNESS OF PLATE, POISSON RATIO AND MODULUS OF ELASTICI

{* INPUT THICKNESS OF PLATE’)

A INPUT POISSON RATIO’)

(’ INPUT MODULUS OF ELASTICITY’)

(’UNIFORM LOAD’)

(’NUMBER OF CONCENTRATED LOADS AND LOCATIONS’)

(’ INPUT POINT LOADS, RADIUS AND ANGLE FOR EACH LOAD’)
(° POINT LOADS = ')

(’RADIUS DIRECTION OF RESULT’)

(’ INPUT NO. OF RADIUS DIRECTION FOR RESULT’)

{? INPUT NO. OF POINT PER LINE’)

(’NUMBER OF POINT PER LINE’)

(’POSITION OF OTHER REQUIRED RESULT’)

{* INPUT NO. OF OTHER REQUIRED RESULT POSITION’)
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APPENDIX D

Use of the Computer Programs

Data Input

I.  HEADING
variable entry

(1)  HEAD Title of problem (80 alphabets)

II. MASTER CONTROL PARAMETERS
variable entry

(1)  KCIR Type of plate:
EQ.0; circular plate
NE.O; annular plate

(2) ROUT Radius of circular plate or
outer radius of annular plate

(3) RINN Inner radius of annular plate

(4)  NOUT Number of combination boundary
conditions of outer edge

(5)  NINN Number of combination boundary

conditions of inner edge

ITII. BOUNDARY CONDITIONS
variable entry

(1) I Section number -



IV

(2)

(3)

4)

(3)

(6)

(6)

KOUT (I)

KINN(I)

GAMM(I)

BETA(I)

NELOUT(I)

NELINN(I)

129

Type of boundary conditions of

outer edge:

EQ.0;s free edge

EQ.1; simple support

EQ.2; clamped support

Type of boundary conditions of

inner edge:

EQ.0; free edge

EQ.1; simple support

EQ.2; clamped support

Beginning angle of section of outer edge
Beginning angle of section of inner edge
Number of intervals in section of

outer edge

Number of intervals in section of

inner edge

INTERIOR COLUMN SUPPORT

(1)

(2)

(3)

variable
NCOL

I
RCOL(I)

ZECOL(I)

entry

Number of support
Support, number

R -ordinate

© -ordinate

GEOMETRIC AND MATERIAL PROPERTIES

(1)

(2)

variable
TH

PR

entry

Plate thickness

Poisson’s ratio



(3)

VI. LOADING DATA

(1)

(2)

(3)

(4)

VII. SOLUTION OUTPUT

(1)

(2)

(3)

(4)

(5) .

(6)

(7)

Example

variable
UNIF
NPT

1
PLOAD(I)
PRHO(I)

PANG(I)

variable

KW

it
WDIR(I)
KP
KWPT

I
WRHO(I)

WANG(I)
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Modulus of Elasticity

entry

Uniformly distributed load
Number of concentrated loads
Concentrated load number
Magnitude of z-direction force
R -ordinate

0 -ordinate

entry

Number of solution lines in radius
direction

Solution line number

Angle of solution line

Number of points in solution line
Number of solution locations
Location number

R -ordinate

® -ordinate

Data input, file and results of Example 4 in Chapter IV can be

obtained in the following:



a) DATA FILE
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BOUNDARY ELEMENT METHOD FOR THE ANALYSIS OF CIRCULAR AND ANNULAR PLATE

ANALYSIS FOR CIRCULAR OR ANNULAR PLATE
1
RADIUS OF ANNULAR PLATE
1.00000
0.25000
NUMBER OF COMBINATION BOUNDARY
6
1
TYPE OF COMBINATION BOUNDARY
2 1 2 1 2 1
0
THE BEGINING ANGLE OF EACH BOUNDARY (DEGREE)
0.00000 60.00000 120.00000 180.00000 240.00000 300.00000
NUMBER OF ELEMENT IN EACH BOUNDARY
6 6 . 8 6 6 6
18
NUMBER OF COLUMN SUPPORTS
3
0.40000 90.00000
0.40000 210.00000
0.40000 330.00000
THICKNESS OF PLATE, POISSON RATIO AND MODULUS OF ELASTICITY
0.01750  0.30000 0.2037551000D+07
UNIFORM LOAD
1.00000
NUMBER OF CONCENTRATED LOADS AND LOCATIONS
0 &
RADIUS DIRECTION OF RESULT
3
30.00000 60.00000 90.00000
INPUT NO. OF POINT PER LINE
11 '
POSITION OF OTHER REQUIRED RESULT
2
0.39800 90.00000
0.40200 90.00000
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b) RESULTS

CPU TIME used before executing in SECONDS + TICKS

121 286
I/0 TIME used before executing in SECONDS + TICKS
12 182

BOUNDARY ELEMENT METHOD FOR THE ANALYSIS OF CIRCULAR AND ANNULAR PLATE

ANALYSIS FOR CIRCULAR OR ANNULAR PLATE

sIIzzzzzzzizy o 1.00000
Izzzzzzzzzzy o (0,25000

NUMBER OF COMBINATION BOUNDARY

TYPE OF COMBINATION BOUNDARY
c 'k F & 2 1
0

THE BEGINING ANGLE OF EACH BOUNDARY (DEGREE)
0.00000 60.00000 120.00000 180.00000 240.00000 300.00000

NUMBER OF ELEMENT IN EACH BOUNDARY
6 & & & & @
18

NUMBER OF COLUMN SUPPORTS
ettt B0 3
0.40000 90.00000 .
0.40000 210.00000
0.40000 330.00000

THICKNESS OF PLATE, POISSON RATIO AND MODULUS OF ELASTICITY
0.01750  0.30000  0.20375510000407

UNIFORM LOAD
TIzzzzzzzzizy o 100000

NUMBER OF CONCENTRATED LOADS AND LOCATIONS

SEEStsntisEry 3
30.00000 60.00000 90.00000



INPUT NO. OF POINT PER LINE

11

2

0.39800 90.00000
0.40200 90.00000

BXXxxxxx MENORY USED -

DETERMINANT =

12521 *kxxexsey

0.1043177194-161

YEXXIRESULTS FOR RADIUS DIRECTION NO. |

PT.NO. W

1

P—
O\Om\JO~U1A(NN"-‘

1

0.611400-03
0.87531D-03
0.112450-02
0.12914D-02
0.133530-02
0.12406D-02
0.101910-02
0.709500-03
0.374880-03
0.101120-03
-0.133370-04

Mr

0.351830-02
0.974270-02
0.18873D-01
0.251950-01
0.274950-01
0.251350-01
0.180830-01
0.66843D-02
-0.858150-02
-0.273750-01
-0.441100-01

Mt

0.11194D-01
0.20284D-01
0.17425D-01
0.16506D-01
0.155610-01
0.140300-01
0.11494D-01
0.75944D-02
0.208230-02
=0.45297D-02
=0.10067D-01

VRERIRESULTS FOR RADIUS DIRECTION NO. 2

PT.NO. ]

—

'—O\OGJ\JO\U‘A(HN.—

0.329420-03
0.50013D-03
0.713110-03
0.914850-03
0.105170-02
0.10793D-02
0.980970-03
0.769370-03
0.48401D-03
0.191870-03
0.13584D-04

Mr

-0.123530-02
-0.254290-02
0.266010~02
0.12538D-01
0.204700-01
0.235700-01
0.215390-01
0.146500-01
0.300180-02
-0.135720-01
=0.292090-01

Mt

~0.41796D-02
0.15151D-02
0.453270-02
0.619460-02
0.79763D-02
0.93766D-02
0.949930-02
0.781050-02
0.417900-02
-0.671630-03
-0.470650-02

Hrt

0.165610-09
=0.52985D-12
-0.64171D-12
-0.15254D-12
-0.561770-13
=0.37526D-13
=0.33196D-13
-0.36748D-13
=0.52847D-13
-0.10436D-12
-0.26582D-11

Mrt

-0.13014D+05
-0.18396D+01
=0.159390+00
-0.37481D-01
-0.252300-01
-0.48524D-01
-0.12853D+00
-0.42061D+00
-0.21108D401
-0.335690+02
-0.34581D+06

Vr

-0.492720403
-0.230320+00
-0.179800-01
-0.398160-02
-0.455450-01
-0.922100-01
-0.14106D+00
-0.19127D+00
-0.242890400
-0.294610400

0.65603D+02

Vr

-0.244520403
-0.40458D-01
0.953130-01
0.89034D-01
0.53683D-01
-0.964420-03
-0.641250-01
-0.129790+00
-0.19505D+00
-0.25701D+00
0.227580+02

vt

-0.49827D-07
-0.32217D-08
-0.63524D-10
-0.300200-12

0.12186D-11

0.173190-12
-0.30833D-11
=0.205050-10
-0.166290-09
-0.34841D-08

~0.383430-04 -

Vt

0.71709D+10
0.13069D+04
0.217220402
0.221050401
0.31329D+00

-0.14663D+00.

-0.68617D+00
-0.27764D401
=0.176660+02
-0.336430403
-0.364990407
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¥XXXxRESULTS FOR RADIUS DIRECTION NO. 3

PT.NO. ]

—_ O O 00~ ON U B G R

~0.453420-04
~0.34134D-04
-0.32363D-13
0.29324D-03
0.60996D-03
0.831990-03
0.91676D-03
0.85391D-03
0.654450-03
0.347950-03
0.69750D-04

Mr

-0.526750-02
-0.18594D-01
0.38241D-01
-0.152700-01
0.101290-01
0.213520-01
0.25558D-01
0.249930-01
0.204520-01
0.12054D-01
0.31427D-02

Mt

-0.37884D-01
-0.65358D-01
0.21257D-01
-0.49568D-01
-0.19798D-01
-0.401830-02
0.491300-02
0.930490-02
0.10316D-01
0.90584D-02
0.73114D-02

$HEORESULTS AT OTHER REQUIRED POSITION

PT.NO. W

Mr

it

Mrt

~0.30903D-09
-0.194600-10
-0.23761D-11
-0.68678D-12
=0.37770D-12
~0.45614D-12
-0.93264D-12
-0.24057D-11

/-0.850980-11

-0.940150-10
-0.889750-06

Mrt

Vr

0.37988D+02
=0.965950+00
0.94393D-01
0.10991D+01
0.48594D+00
0.251990+00
0.11340D+00
0.12986D-01
-0.68074D-01
-0.13766D+00
-0.21101D+01

Vr

1 -0.403690-05 -0.16255D+00 -0.201530+00 ~-0.24754D-11 -0.42111D402

2

CPU TIME used after executing in SECONDS + TICKS

I/0 TIME used after executing in SECONDS + TICKS

0.467330-05

190

13

-0.16246000

-0.201160400

88

123

-0.227820-11

0.42191D+02

vt

0.12474D-06
0.824980-08
0.32314D-09
0.467150-10
0.123400-10
0.520030~11
0.50739D-11
0.12971D-10
-0.15404D-10
-0.61176D-08
0.10395D-01

vt

0.345690-09
0.303310-09
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