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ATIRZFADAA4Y (Main)i%, AF~F AV MREAEHY T - %/(Dlﬂiﬁjlﬁcé
h, BEREBREL TV, BT, Pr7/54) X+ 28T 5,

c
c MAIN OF F.E.M. LARGE DEFLECTION
c ISIGN=D:LINEAR ANALYSIS, ISIGN=1:NONLINEAR ANALYSIS
c MAXNC=MAXIMUM ITERATIVE NUMBER
c MM2=DIVITION ‘IN X-DIRECTION , NN2=DIV. IN Y-DIRECTION
- e E
COMMON DB<3DU),DB1(12),n33<78),DF(150),F3<100>,P13(1uo),P3(8)
. COMMON INDEX(150)-INDPX(100), NN, NU,NT,NT2,LOAD,BETA,AL,BL
COMMON  DU(200),PF(100),F1(150),PT1¢150) ,DUK(8),DUT(96),DU2(364)
COMMON P1¢12),P2(12),AK3(8,78), AK2(12,364),AK1¢12,96),IND(150)
COMMON  X(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,IPD(100)
COMMON  NOKW(¢50),NOKX (50) »NOKY (50> ,NOPX (50> ,NOPY(50),1EP(50) -
COMMON  MCON(50,4)  EMX,EMY,PX,PY,GXY,CRTV,ED(3,3),DPX,DPY,TH
- COMMON  MM2,NN2,MM,NA,XEC21),YE(21),SP(8,8),SP4(8,8),A1¢8,11,11)
COMMON EXB,EYB,PXB,PYB,GXYB,ES(3,3),AL0AD,MAXNC
COMMON  $1(21),52(21),53(21),54(21),0SM(100,100)>,AKP(55,55)
COMMON  AZ2(12,11,11),B2(12,115,112,€2€12,11,11) ,A3(¢12,11,11)
coMMON  A(8,11,11),B(8,11,11),€(8,11,11),58(12,12),83¢12,11,11)
COMMON D7 (150),D8(100),RB(150),RUCID0)
COMMON 'A5(8-11,11),B5¢(8,11,11
[
. CALL INPUT
CALL MATOSM
c
IF(ISIGN.ER.0) GO TO 500
[
. CALL MATAKP
CALL NOAK3
CALL NOAK1
CALL NOAK2

500 CONTINUE
CALL ITERATE

STOP
END
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BT 5D, ANF—205HA%FT5 INPUT w00 TtD%, BEOHAYRHMICHKE Tl
3.2.1 SUBROUTINE INPUT
NODE : ffifsi#r, NELM : EEH,
KOW, KOX, KOY, KPX, KPY : zh¥h z 5A, sz » OEiEA, Yyl b OH
A, *HA, Y HFEOHKERELAEYRT.
LOAD : oKL HET 5 e b BV 2 EIIES
875 n D z FAEME RECESEc i LOAD=3n-2
5 n O x FEAEML Y RFEC RS LOAD=31-1
i n 0 Y HRAEM A2 RFCE SR LOAD=3x
MM2, NN2: kBRcit | | &) fndedy 0 2 BES MY 12l 34 7 bREHE
feblt\ve o TF e 75 AEWLTIL Simpson ODARIC Y D BERSD Z1T-7. TOB
MM2, NN2 ixrzhZh § 5@, 15804588 (B %57, BAIX, BAIY : x KR, ¥
EEEnfgEg, ISIGN : BB OBAL 0, FERUENOBAEIT1 &35, MAXNC: < hiE
LIEEsWT, BRI 2AbRBT2B80H5. 20X 57kt MAXNC OfFER X
D, BROEBECHELZITYS, XX, YY . ZThZhx, YEE (EBRTLL TW5) 2R
+. FW, ZFX, ZFY : th¥hz K@, *H@, Y HAOHANN, FX, FY : thZlhx
HhEH D, YEIEDYEESSE—~ 2 v+, NOKWI), NOKX(J), NOKY(K), NOPX(ID),
NOPY (J]) : #hFh KOW, KOX, KOY, KPX, KPY i tfisd % & 5 &2 % niEd o EF0,
MCON(M, )) : BERm O SAES 2 Kb ) ERT 5.
EMX, EMY, PX, PY, GXY : Zh ZThE&WO5RY CUIEM) wBET 5 RIMHET M v
v 7RI, RS EEATR Y Y 7 RE, ERGHESRART Y vk, BREHESREE
ARFEART Vv, 8IO0RAEEERE,
EXB, EYB, PXB, PYB, GXYB: ZhZh &R0 M BT 2 RREHMEH A v v 7 RE,
B L ERAKRY Y 7 HR, EREMETART Y v, SRR L EAFRAT Y vk,
3 L O A M R B
TH: B, CRTV: { hELH L @m%vm'ﬁﬁ@zua Fli-1EDDZEH & OHENEE
P35 5 REN TSR T T b3 Thbo RRETIEC DEER CRTV(=0.002)
LWOEHTH5HT. AL, BL: Fig. 1Lic s 5 RIVEROTOES ¢, bextiET 5.
BETA: 7 r—5+—1 (Fig. 2) OBAET LK B TH 5,

SUBROUTINE INPUT

COMMON  DB(300),0B1(12),0B3(78),DF(150),F3¢100),PT3(100),P3(8)
COMMON  INDEX(150),INDPX(100) ,NN-NU*NT,NT2,L0AD,BETA,AL,BL
COMMON  DU(200),PFC100),F1(¢150),PT1¢150),DUK(8),DU1(96),DU2(364)
COMMON  P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),IND(150)
COMMON  X{(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY-ISIGN,IPD(100)
COMMON  NOKW (50> ,NOKX(50),NOKY(50) ,NOPX(50),NOPY(S0),1EP(50)
COMMON  MCON(50,4)+EMX,EMY,PX,/PY,GXY,CRTV,ED(3,3),DPX,DPY,TH
COMMON MM2,NNZ2,MM,NA,XE(21),YE(21),5P(8,8),SP4(8,8)., A1(8111111)
COMMON EXB,EYB,PXB,PYB,GXYB-ES(3,3),ALOAD ,MAXNC

COMMON  $1(21),52(21),583(21),54(21),08M(100,1080) ,AKP(55,55)
COMMON A2(¢12-11,11),B2012,11,11),€2¢12,11,11),83C12,11,11)
COMMON A(8,11,11),B(8,11,11),C(8,11,11),8B(12,12),B3¢12,11,11)
COMMON D7(¢1502,08(100),RB(150) ,RUC10D)

COMMON AS5(8,11,11),85(8,11,11)

E¥z3



READ(5,%) NODE,NELM,KOW,KOX,KOY,KPX-KPY,LOAD,MM2,NN2

20

25

28
29

51 FORMAT(1HO,S5HNODE=,12,7X,8HELEMENT=,12,7X,5HLOAD=,12/1H .,

&
53
55
56

58

70 FORMAT(1HO/1RO,2X,4HEMX=,F10.5,2X,4HEMY=,F10.5,2X,3HPX=,F7.5,2X~
3HPY=,F7.5,2X,4HGXY=,F10.5/1H ,2X,3HTH=,F7.4,2X,5HCRTV=,F7.5)

&

74 FORMAT(1HO/1HO,'EXB=",F10.2,5X,EYB=",F10.2/1H »
5X,*PXB=",F7.5,5X,"PYB=",F7.5,5X,"GXYB=",F10.5)

73
75
77

120
12

-

12

N

12

w

3

w

BROKIhRBHET 57 75 A

READ(S5,%) BAIX,BALY,ISIGN,MAXNC

DO 20 K=1,NODE .
READ(S,%) I XX YY FU-FX,FY,2ZFX,2FY
1d=3*1

II=14-1

IH=1J-2

DF(IH)=FW

DFC(IIY=FX

DF(IJ)=FY

IL=2x%1

IK=1L-1

PF(IK)=ZFX

PF(ILY=ZFY

X (1K) =BAIX*XX

XC(IL)Y=BAIY*YY

CONTINUE

READ(5,%) (NOKW(I),I=1,KOW)
READ(5,%) (NOKX(J),J=1,KOX)
READ(5,%) (NOKY(K),K=1,K0Y)
READ(5,%) (NOPX(II),II=1,KPX)
READ(S,%) (NOPY(JJ),JJ=1,KPY)

D0 25 N=1,NELM
READ(S5,%) M, (MCON(M,J),J=1,4)
CONTINUE

READ(5,%) EMX,EMY,PX,PY,6XY,TH,CRTV,AL,BL,BETA

READ(S,%*) EXB,EYB-PXB,PYB,GXYB

NT=3%#NODE
NT2=2%NODE
NODE6=6%NODE
NODE4=4%NODE

D0 28 I=1,NODES
pB(I)=0.0
DO 29 J=1,NODES
bU(J4)=0.0

WRITE(6-51) NODE,NELM,LOAD,ISIGN,MAXNC

"ISIGN=",11,5X,"MAXNC=",12)
WRITE(6,53)

FORMAT(1HO/1HO,4HNODE,4X,16HCOORDINATE (X,Y))

WRITE(6,55) (I,X(2%I-1),X(2%1),I=1,NODE)
FORMAT(1H ,14,2F10.4)

WRITE(6,56)

FORMAT(1HO/1HO,16HKO O SOKU SETTEN)
WRITE(6,58) (NOKW(I),I=1,KOW)
WRITE(6,58) (NOKX(J),J=1,K0X)
WRITE(6,58) C(NOKY(L),L=1,K0Y)
WRITE(6,58) (NOPX(I1),11=1,KPX)
WRITE(6,58) (NOPY(JJ),JJI=1,KPY)
FORMAT(1H0,2415)

WRITE(6,70) EMX,EMY,PX,PY,GXY,TH,CRTV

WRITE(6,74) EXB,EYB,PXB-PYB,GXYB

WRITE(6,73)

FORMAT (1HB/1HG,2 (*NELM',6X,14HNODES(I,J,K,L),10X))

WRITE(6,75) (I,(MCONCI,J),J=1,4),1=1,NELM)
FORMAT(1H ,2(14,415,10X))
WRITE(6,77) BETA,DF(T)

FORMAT (1HO/1HO,5HBETA=,F10.5,10X,6HDF(1)=,F10.5)

MM=MMZ2+1

NA=NN2+1
DPX=1.0/FLOAT(MM2}
DPY=1.0/FLOAT (NN2)
D0 120 1=1,MM4
XEC(I)=FLOATC(I-1)*DPX
DO 121 J=1,HA
YEC(JI=FLOAT(J-1)*DPY

WRITE(6,122)

FORMAT (1HO/THO, "MMT ,6X,"XE(1) ", 53X, "YE(I) ")
WRITE(6,123) (I,XE(I),YECI),I=1,MM)
FORMAT(1R ,12,2F10.2)

00 35 K=1,NA
$1(K>=0.0

S2(K)=
§3(K)=
$4(K>=0.0
CONTINUE

RETURN
END
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SUBROUTINE MATOSM

COMMON  DB(300),DB1¢(12),0B3(78),bF(150),F3(100),PT3(100),P3(8)
COMMON INDEX{(150),INDPX(100) ,NN,NU,NT,NT2,LOAD,BETA,AL,BL
COMMON  PUC200) ,PF(100) ,F1C150),PT1(150) ,DUK(8),DU1(96) ,pU2(364)
COMMON  P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),1ND(150)
COMMON  X(100), NODE-NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,IPD(100)
COMMON  NOKW(50),NOKX(50),NOKY(50) ,NOPX(50),NOPY(50),1EP(50)
COMMON MCON(50,4)  EMX,EMY,PX,PY,GXY,CRTV,ED(3,3),DPX,LPY,TH
COMMON  MM2,NN2,MM,NA,XE(21),YE(21),5P(8,8),SP4(5,8),A1(8,11,11)
COMMON EXBrEYB,PXB,PYB,GXYBsES{(3,3),AL0AD,MAXNC

COMMON  §1(21)>,52(21),83¢21),54(21),0SM(100,100),AKP(55,55)
COMMON  A2(12,-11,11),B2C12,11,11),€2¢12,11,11),A3(12,11,11)
COMMON  A(8,11,11),B(8,11,11),C(8,11,11),58€12,12),83012,11,11)
COMMON  D7¢150),p8(100),RB(158),RUCIOD)

COMMON A5¢(8,11,11),B5(8,11,11)

00 32 1=1,3
b0 32 J=1,3
EP(I1,4)=0.0
ES(1,4)=0.0

V=1.0-PXxPY

ED(1,1)=EMX/V
ED(1,2)=(PYXEMX+PX*EMY)/V
ED(2,1)=ED(1,2)
ED(2,2)=ENY/V

ED (3,3)=GXY

IF(NELM.GT.1) 60 TO 30
WRITE(6,76)
FORMAT(1HO,15SHMATRIX ED{(I,J))
b0 77 1=1,3

WRITE(6,78) (ED(I,I),J=1,3)
FORMAT(1H ,10X,3F15.5) :
CONTINUE

CONTINUE

22=1.0-PXB*PYB
ES(1,1)=EXB/1Z
ES(1,2)=(PYB*EXB+PXB*EYB) /11
ES(2,1)=ES(1,2)
ES(2,2Y=EYB/ZIZ

ES(3,3)=6XYB

50 205 K=1,NA

D0 205 L=1,MM

A2(1,K L)=(-6.0+12.0*XE(LII*(1.0-3.0xYEC(K) x*2+2 . 0%xYE(K) *%3)
A2{2/,KsL)=(-6.0+12 . 0*XECLI I *(YEC(K) -2 . 0#YE(K) **2+YE(K) **3) *AL
A2 (3,K/L)=BL* (=4 . 0+6 . 0%XECLII* (1. 0-3 , 0*xYE(K)**2+2 . 0*YE(KI**3)
A2(4 K, L)==-R2(1,K,L)

A2(5,KsL)=-A2(2,K,L)
A2(6,K,L)=BL*(-2.0+6.0%XE(LII*(1.0~3.0%YE(K) **2+2 . 0xYE(K) %*3)
A2(T7/K,LY=(6.0-12.0*XE(L) )% (3. O*YE(K) #%2-2 .D*xYE (K) x%3)
A2(8,K,L)=AL*{(6.0-12.0%XE(LI I % (~YELK) #%2+YE(KI **3)
A2(9,K,L)=BL*(-2.0+6.0%xXE(LII*(3.0%YE(K) *%2-2.0%YE(K) **3)

A2 (10,K/L)==A2(7,K/L)

A2{11,K,L)=~A2(8,K,L)

A2(12/K L) =BL* (-4, 046 .0+ XE(L) Y% (3. 0*YE(KI #x2-2 . D#YE(KI *43)

B2(1,K/L)=(-6.0+12.04YE(K))*(1.0-3.0%XECL) %242 . 0% XE(L) *%3)
B2{2,K-L)=AL*(-4.0+6 . 0*YE(KI > % (1.0-3 0%xXE(L)**2+2 [ O*xXE(L) **3)
82(3,K,L)=BL*(-6.0+12.0%YE(K) )% (XE(L)I-2.0*xXE(L) **2+XE(L) *xx3)
B2, K L) =(=6.0+412.0*YEC(KI I *# (3. OAXE(L) *%2-2 _O*xXE(L)%%3)
B2(5,K/L)=AL% (=4 0+6. 0% YE(KI ) * (3. 0*XE(L) x%2-2 . O*XE(L) %%3)
B2(6,K,L L*x(-6.0+12.0*4YE(K) I *(~-XE(L)**2+XE (L) **x3)
B2(7,K,L)=-B2{4,K,L)
B2(8,K,LI=AL*(-2.04+6.04YE(KI I * (3. 0*%XE(L) *%2-2  O%XE(L) #%3)
B2(9,K,L>=-B2(6,K,L)

B2 (10,K,/L)>=-B2(1,K,L)

B2 (11,K/L)=AL* (-2 .0+6.0*xYE(K)I*(1.0-3.0%XE(L)%%2+42 0% XE (L) *x*3)
B2(12,K,L)=-B2(3,K,L)

C2¢1,KL>=36. 0% (-XECLY+XECLY #*2) * (=YE(KI+YE(K) **2)

C2(2,K/L)=6.0% (~XEC(LI+XE(LY #%2) % (1.0-4 . O*YECK)I+3 . D*YE (K #%2) *AL
O C-YECK) #YECKI %20 % (1.0-4 . 0*XECL) +3. 0% XE(L) %%2) %BL

€2¢1,K,LY

€2(2,K,L)

LO% (-2 0%XE(LY+3.0%XE(L)**2) * (~YECK)+YE(K) #%2) xBL

2¢1 KL .

J0x (=2, 0%YE(KI+3.0%YE(K) *%x2) % (XE (L) =XE (L) #%2) AL

C2¢9,K,L)=-C2¢6,K L)

€2¢10,K,LY=C2C4,KoLD

€2(11,K,L)=~C2(8,K,L)

€2(12,K,L)==C2(3,K,L)

CONTINUE

C2(7,K,L)=

00 208 1=1,12
00 208 J=1,12
SB(1-J)=0.0
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BROKIcHZERCET AT v /5 A

b0 220 1=1,12

LE=0

DO 220 J=1,%2

LE=LE+1

DO 210 K=1,NA

STCKY=A2(1, K 1>*A2CJ K 1) =A2CI, K, MMY %A2 CJ , K, MM
S2(K)=B2(1,K,1)%*B2(J,K,1)=B2(1,K,MM) *B2 (J ,K,MM)
$3(K)=A2(1,K,1)*B2(J,K,1)+B2(1,K,1)%A2(J,K,1)

& -CA2 (LI K MM) %B2 (J K, MM) +B2 (1, K- MM) *A2 (J , K, MM))

SA(KI=C2CL K 1% C2CI,Kr1)=C2CT, K/ MM %C2(J , K, MM)

DO 210 L=2,MM2,2
S1(K)=S1(K)+L.D*A2(I,K,L)*AZ(J,K,L)+2.U*A2(I,K,L+1)*A2(JIK,L+1)
S2(K)=82(K)+4.0%B2(1,K,L)*B2(J,K,L) +2.,0%B2C(1,K,L+1)*B2(J ,K,L+1)
S3(KI=83(KI+4, 0% (A2(I,K,LI*B2(J,K L) +B2C1,K,LI*A2{J,KsL))

& +2.0% (A2C1 K, L+1)*B2(J, K L+ 1) +B2 (1, K, L+1)*A2(J,K,L+1))
SA(K)=SA(K)+L.D*C2(I,K,L)*c2(J,K,L)*Z.U*CZ(I,K,L+1)*C2(J,K,L$1)
CONTINUE
SE1=81(1>~51(NA)

SE2=82(1)-S2(NA)
SE3Z=83(1)-S3(NA)
SE4=S4(1)-S4(NA)

D0 212 II=2,NN2,2
SE1=SE1+4.0%S1(11)+2.0%S1(11+1)
SE2=SE2+4 ,0%S2(11)+2.0%$2¢11+1)
SE3=SE3+4.0%S3(I11)+2.0%S3(11+1)
SE4=SEL+4 0xS4(11)+2.0%S54(11+1)
CONTINUE

SE1=SE1*AL*ES(1,1)/(12.0%BL**3)
SE2=SEZ2*BL*ES(2,2)/(12.0%AL**3)
SE3=SE3%ES(1,2)/(24.0%AL*BL)
SE4=SE4*ES(3,3)/(3.0%AL*BL)
SB(I,LEY=(SET1+SE2+SE3+SE4) xTH**3%xDPX+DPY/9.0
CONTINUE

IF(NELM.GT.1) GO TO 2500

WRITE(6,221)

FORMAT (1HO,15HMATRIX SB(I1,J))
WRITE(6,222) ((SB(I1,J),J=1,12),1=1,12)
FORMAT(1H ,1P12E18,2)

CONTINUE

DO 225 I=1,NT

0SM(1,4)=0.0

DO 4000 M=1,NELM
DO 3900 1=1,4

00 3900 J=1,4
KI=(MCON(M,1)-1)%3
KI=(MCON(M,J)=-1)*3
IS=(1-1)%3
JS=(J-1)%3

b0 3900 K=1,3

00 3900 L=1.,3
KIK=KI+K

KIL=KJ+L

ISK=1S8+K

JSL=JS+L
OSM{KIK,KJL)=OSM(KIK,KSLI+SB(ISK,JISL)
CONTINUE

CONTINUE

DO 7000 I=1,NT
INDEX(I)=1

DO 7001 I=1,KOW
N=3%*NOKW(I)-2
INPEX(N)=0

pQ 7002 1=1,KO0X
N=3%NOKX(1)-1
INDEX(N)=0

D0 7003 1I=1,KO0Y
N=3xNOKY(I)
INDEX{(N)=0

NN=0

DO 7004 1=1,NT
IF(INDEX(I).EQ.0) 60 TO 7004
NN=NN+1
INDEX(NN)=INDEX(I)
CONTINUE

DO 7005 I=1,NN
IA=INDEX(I)
DF(I)=DF{(IA)

DO 7005 J=1,NN
JA=INDEX(J)
OSM(I,J)=0SM(IA,JA)

107



108
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7010
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104

107

106

108

110

109
103
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-
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MATRIX INVERSION

DO 7010 1=1,NTY
IND(I)=0

DO 102 X=1,NN
IND (K)>=K

b0 103 K=1,NN

w=0.

D0 104 I=K,NN
IF(ABS(OSM(I,1)).LE.W) GO TO 104
W=ABS(OSM(1,1))

IR=1

CONTINUE

IF(IR.EQ.K) GO TO 106
00 107 J=1,NN
W=0SM(K-)
OSM(K,4)=0SM(IR,J)
OSM(IR,JI)=W

MR=IND(K)
IND(K)=IND(IR)

IND (IRY=MR

W=0SM(K, 1)

N1=NN-1

PO 108 J=1,N1
OSM(K,J)=0SM(K,J+1) /U
0SM(K,NNY=1.0/¥

90 109 I=1,NN

IF(I.EQ.K) GO TO 109
W=0SH(I,1)

D0 110 J4=1,N1
OSMCI,J)=0SM(I,J+1)-U*xOSM(K,J)
OSM{I,NN)=-UxOSM(K,NN)
CONTINUE

CONTINUE

D0 111 K=1,N1
IF(K.ER.INDC(K)) GO TO 111

K1=K+1

DO 112 I=K1,NN
IF(K.NE.IND(I}) GO TO 112

IR=1

GO TO 114
CONTINUE

DO 115 J=1,nNN
W=0SMWJ,K)
OSM(J,K)=0SM(J,IR)
OSM{J, IR =W
IND{IR)=IND (K}
IND(K)=K

CONTINUE

RETURN
END

SUBROUTINE MATAKP

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

pO 122
DO 122

DB8(300),0B1¢12),DB3(78),DF(150),F3(100),PT3¢100),P3(8)
INDEX (150>, INDPX(100) , NN,NU-NT,NT2-LOAD,BETA,AL,BL
DUC200),PFC100) ,F1(150),PT1(150),DUK(8),DUT(96),DU2(364)
P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),IND(150)
X(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,IPD(10Q)
NOKXW(50) ,NOKX(50) ,NOKY (50) ,NOPX (50) ,NOPY (50) ,IEP(50)
MCON(50,4) ,EMX,EMY,PX,PY,GKY,CRTV,ED(3,3),DPX,DPY,TH
HM2,NN2, MM, NA,XE(21),YE(21),SP(8,8),SP4(8,8),A1(8,11,11)
EXB,EYB,PXB,PYB,GXYB,ES(3,3),ALOAD,MAXNC
$1(21),52¢(21),53(21),54(21),0SM(100,100) ,AKP(55,55)
A2(12,11,91),B2C12,11,11),€2C12,11,11),83012,11,11)
A(8,11,11),B(8,11,11),C(8,11,113,58(12,12),B3(12,11,11)
D7¢150),08(100),RB(150) ,RUCT100)

A5(8,11,11),B5(8,11,11)

K=1,NA
L=1,MM

A1 (1, K/L)=-(1.-YECK)) -

AT(2,K-L)=-(1.-XE(L))

A1(3,K,L)=1.-YE(K)
Al (4 KsLd=-XE(L)
A1(5,K,LY=YE(K)
A6, KrLY=XEC(L)

AT (7,K,L)==YE(X)
AT(8,K,LY=1.-XE(L)
122 CONTINUE
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135
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147

148
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152
146

156

157
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160
155
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=

162

163
2550

165
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00 125 1=1.8

DO 125 4=1,8
SP(1,4)=0.0
sP4(1,4)=0.0

00 135 1=1,8
LL=0

00 135 J4=1,8
Li=LL+1

DO 140 K=1,NA
ST(KI=AT{I K 1) *AT /K 1) -ATCT K MM *AT (J K/ MM)
00 140 L=2,MM2,2

STCKI=STCKI+4. 0% AT (I K LI *ATCI KAL) +2.0%ATCT K L+ %A1 (I K L+1)

CONTINUE

SE=S1(1)-S1(NA)

DO 142 II=2,NN2,2
SE=SE+4.0%S1(I11)+2,04S1(1L+1)
SP(I,LL)=SE*DPX*xDPY/9.0
CONTINUE

DO 145 1=1,4

DO 145 J=1.,4
SP4(2x1-1,2%J-~1)=SP(2%1,2%J)
SP4(2%I1~1,2%))=SP(2%1,2%J~1)
SP4(2x1,2%J-1)=SP(2%x1-1,2%J)
SP4(2%1,2*%4)=SP(2x1-1,2%J-1)
CONTINUE

00 146 1=1,8
IFCLI.EQ.1) 60 TO 147
IF(MOD(I,2).EQ.0) GO 70 150

IF(MOP(I,2).EQ.1) GO TO 147
SP(I,1)=AL*ED(1,1)*SP(I1,1)>%TH/BL

00 148 J=2.,8

IF(MOD(J-2).EQ.O0) SP(I,J)=0.5%ED(1,2)*THXxSP(I,J)
IF(MOP(J,2).EQ.T)> SP(I,J)=AL*EDP(1,1)*xTH*SP(I1,J)/BL
CONTINUE

60 TO 146

SP(I,1>=0.5%ED(1,2)%TH*SP(I,1)

00 152 J=2,8

IF(MOD(J,2).EQ.D3 SP(I,J)=BL*ED(2,2)*THXxSP(I,J)/AL
IF(MOD(J,2).EQ.T1Y SP(I,J)=0.5%ED(1,2)*THxSP(I,J)
CONTINUE

CONTINUE

60 155 1=1.8
IF(I.EQ.1) GO TO 156
IF(MOD(I,2).EQ.1)> 60 TO 156
IF(MOD(1,2) . EQ.0Y GO TO 158
SP4(I,1)=ED(3,3)*BLXxTH*SP4(1,1)/AL
PO 157 4=2,8
IF(MOD(J,2).EQ.Q) SP4CI,J)=ED(3,3)*xTHxSP4(I,J)
IF(MOD(J,2) .EQR.1) SP4(I,J)=ED(3,3)%BL*TH4SP4(I,J)/AL
CONTINUE
60 TO 155
SP4(I,1)=ED(3,3)*TH*SP4(I,1)
PO 160 J=2.8
IF(MOD{(J,2).EQ.0) SP4CI,J)=ED(3,3)*xTH*AL*SP4(1,4)/BL
IF(MOD(JI,2).EQ.1)  SP4(I,3)=ED(3,3)%TH*SP4(1,J)
CONTINUE
CONTINUE
MATRIX SP(1.,J)
DO 161 1=1,8
PO 161 4=1.8
SP(I,J)=SPLI,J)+SP4(I L)

IF(NELM.G6T.1) 60 70 2550
WRITE(6,162)

FORMAT(1HO,15HMATRIX SP(1,J))
WRITE(6,163) ((SP(1,4),J=1,8),1=1,8)
FORMAT(1H ,1P8E12.2)

CONTINUE

DO 165 I=1,NT2

DO 165 J=1,NT2

AKP(1,0)=0.0

DO 4000 M=1,NELM
D0 3900 I1=1,4

PO 3900 J=1,4
KI=(MCON(M,I1)-1)%2
KJ={(MCON(M,J)-12%2
I1s=(1-1)*2
JS=(J-1)*2

DO 3900 K=1,2

DO 3900 L=1.,2
K1K=KI1+K

KJL=KJ+L

ISK=18+K

JSL=JS+L

109



110 it & O#EAE

AKP(KIK,KJL)=AKP(KIK,KJLI+SP(ISK,JSL)
3900 CONTINUE
4000 CONTINUE

DO 171 I=1,NT2
INDPX{(I)=1
DO 172 I=1,KPX
N=24NOPX(I>~1
172 INDPX{N)>=D
' PO 173 1=1,KPY
N=2%NOPY (1)
173 INDPX(N)>=0
NU=0
B0 174 I=1,NT2
IFCINDPX(I).EQ.0) GO TO 174
NU=NU+1
INDPX (NUX=INDPX(I)
174 CONTINUE
DO 175 I=1,NU
IA=INDPX(I)
PFC(I)=PF(IA)
DO 175 J4=1,NU
JA=INDPX(J)
175 AKP(I,J)=AKP(IA,JA)

17

-

aa

MATRIX INVERSION
DO 185 I=1,NT2
185 IPD(1)=0
0 102 K=1.NU
102 IPD(K)I=K
00 103 K=1,NU
w=0.
D0 104 I=K,NU
IF(ABS(AKP(I,1)).LE.H} GO TO 104
W=ABS (AKP(1,1))
IR=1
104 CONTINUE
IF(IR.EQ.K) GO TO 106
00 107 4=1,NU
W=AKP (K, d)
AKP(K,J)=AKP(IR,J)
107 AKP(IR,4)=W
MR=IPD(K)
IPD(K)=IPD(IR)
IPD(IR)=MR
106 W=AKP(K,1)
N1=NU-1
b0 108 J=1,N1
108 AKP(K,J)=AKP(K,J+1) /4
S AKP (K NUI=T.0/W
00 109 I=1,NU
IF(I.EQ.K) GO T0 109
W=AKP (1,1)
D0 110 J=1,N1
110 AKP(I,J)=AKP(I,J+1)-W*AKP(K,J)
AKP(I,NUY==-WXxAKP(K,NU)
109 CONTINUE
103 CONTINUE
D0 111 K=1,N1

IF(K.EQ.IPD(K)) GO TO 111
K1=K+1
DO 112 1=K1,NU
IF(K.NE.IPD(I)) GO TO 112
IR=1
GO TO 114

112 CONTINUE

114 DO 115 J=1,NU
W=AKP(J,K)
AKP(J,K)=AKP(J,IR)

115 AKP(J,IR)=W
IPD(IR)=IPD(K)
IPP(K)=K

111 CONTINUE

-

RETURN
END
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SUBROUTINE NOAK3

COMMON DB(3005,0B1(¢12),0B3(78),DF(150),F3¢100),PT3¢100),P3(8)
COMMON INPEX{(150),INDPX{(183)>,NN,NU,NT,NT2,L0AD,BETA,AL,BL
COMMON DU(200),PF(100),F1¢150),PT1(150),DUK(8),DUT(96) ,DU2(364)
COMMON P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),IND(150)
COMMON X(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,1PD(100)
COMMON NOKW(50) ,NOKX(50) ,NOKY (50} NOPX(50),NOPY(50) ,1EP(50)
COMMON MCON(50,4) - EMX,EMY,PX,PY,GXY,CRTV,ED(3,3),DPX,DPY,TH
COMMON MMZINNZIMM;NA;XE(21),YE(21)15P(8;8)1$P4(8r8)/A1(8111'11)
COMMON EXB,EYB,PXB,PYB,GXYB,ES(3,3),ALOAD,MAXNC

COMMON. §1(21),52(21),53(21>,54(21>,0514(100,100) ,AKP(55,55)
COMMON  A2(12,11-11),B2¢12,11,11),€2¢12,11,11),A3012,11,17)-
COMMON A(8,11,11),B(8,11,11),C(8,11,11),5B¢12,12),B3¢12,11,11)
COMMON 07(150).,p8¢(100),8B(150),RUCI0Q)

COMMON AS(8,11,11),B5(8,11,11)

DO 305 K=1,NA

AL*ED(1,1)%x(1.0-YE(K)) /BL*%2
0.5%ED(1,2)%(1.0~- XE(L))/BL
A(3,K,L)==A(1,K,L)
AC4sK,L)=-0.5%ED(1,2)*XE(L)/BL
L*ED{1,1)*YE(K) /BL*%2
AL6/,K,LY==AL4,K,L)

A(5,K-L)

A(2,K,L)
0.5%ED(1,2)%x(1.0-YE(K))/AL
BL*ED(2,2)%(1.0~XE(L) ) /AL**%2
B(1-K-L)

BLXED (2,2) *XECL) /AL**2
LSXED(1,2)*YE(K) /AL

(1.0-XE(L)) /AL
€1.0-YE(K))/BL
XECLY /AL
C(2,K/L)
C(3,K,L)
C(6,K,L)=YE(K)/BL
C(7,K,L)==C{1,K,LD
C(8,K,sL)=-C(6,K,L)
CONTINUE

DO 310 K=1,NA
DO 310 L=1,MM
A3C1,KsL)=6. 0% (=XEC(LY+XEC(L)*%x2) % (1.0-3_.0%YE(K) *%2+2 . 04xYE(K) *%3)
A3(2,K,L)=6.0%(~XE(L)Y +XE(L)*%2) % (YE(K) -2, O*YE(K)**2+YE(K)**3)*AL
A3(3,K L)=C1.0~4.0xXE(LI+3.DXXE(L)2*2) % (1.0

& ~3.0*YE(K)*%2+2 0% YE(K) *#3) *BL
A3C4,K LY==A3{1,K/LD
A3(5,K,L)=~A3(2,K,L)
A3(6,K L) = (2. B*XE(L)+3.0*XE(L) *%x2)*(1.0

& ~3_0%YE(K)*%242.0%xYE(K)**3) *BL
A3C7,K L) =6 D% (XECL)-XECL) %%2) % (3. 0%YE(K) *x2-2 .O*YE(K)**3)
AZ(B,K,L)=6. 0% (XECL)-XE(L) %23 * (~YE(K)I **2+YE(KI **3)xAL -
A3(9,K,L)=(=2. OxXE(LY+3. 0*XEC(L) **2) % (3. D*YE(K)**Z -2. D*YE(K)**Z)*BL
A3¢10,K,L)==A3(7,K/L)

A3(11,K,L)=~A3(8,K,L)
A3(12,K,L)3=C1.0-4 0*xXECLY+3. 0% XE(L) *%2)

& *{3.0%YE(K)*#%2-2 . O*YE(K) **3) *BL
B3(1,K/L)=6.0%x(=YE(K)+YECKI ##%2) % (1.0-3 . D*xXE(L)*%2+2 . 0*XE(L)**3)
B3(2,K,L>=(1.0-4.0%xYE(K)+3.0%YE(K)I**2)x (1.0

& =3 0*XE(L)#%2+2 [ D*XE(L) **3) *AL
B3(3,KsL)=6.0%x(~YE(K)+YE(KI*%2) % (XE(L) -2 .0*XE(L) **2+XE{(L)*%*3) *BL
B34 K )26 0% (-YEC(KI+YECK)I **2) % (3. OXXE(L) **2=2 . O*XE(L) **3)
B3(5,KsL>={1.0-4.0*YE(K)+3.0*%YE(K) **2)

& * (3. 0*XE(LI**2-2 ,O*XE(L)*%*3) AL
B3C6,K,LI==6. 0% (YE(K)-YE(K) *%x2) % (~XE(L) **2+XE(L) **3) *BL

~2.0%YE(K)+3 . 0% YE(K) *x4%2) % (3 . 0*xXE(L) #%2-2 . 0xXE(L) #%*3) *AL
B3(9,K,L)=-B3(6,K,L)
83(10,K,L)=-B3(1,K,L)
B3(11,K,L)=(=2.0+YE(KI+3.0%YE(K) x*2) (1.0
& ~3.0%XE(LY*x*2+2 0% XE(LY **3) *AL
B3(12,K,L)=-B3(3,K,L)

310 CONTINUE

00 311 1=1,8
DO 311 J4=1,78

311 AK3(1,4)=0.0
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I Xal

314

31

w

316

320

305

400

e

D0 320 JA=1,8
LE=0
L
LG6=13
PO 320 I=1,12
DO 320 J=1.,12
LESLE+1
LH=LE-LF
DO 314 K=1,NA
ST(KI=ACJA,K 1) *A3CT, K 1D%A3 (I, K 1)
& SACIALK MMY XA (I K MMY *A3 (I K, NH)
$2(K)=B{JA,K,1)¥B3(I1,K,1)%B3CJ /K, 1)
g -BCJA,K,MM)*B3(I1,K, MM) *B3 (4, K, MM)
S3(K)=CCIA,K,1D%CA3LI, K, 1)%B3(J,K,13483 U1, K, 1) *A3CI K 102
& —CIA,K MMY X CA3CI K- MM B3 (J, K, MM +B3 (1, K- MMI *A3 (I, K, MM)
DO 314 L=2,MM2,2 -
S1(KI=S1(K)+4.0%ACJA,K LI *AB(I, K LY *AZCJ K L)
H +2.0%ACJA, K L+1)*A3CI K, L1 A3 (I K LH1)
S2(K>=S2(K)+4.0%B(JA,K,LI*B3 (I K, LI*B3 (I K, L)
& +2.0%B(JA,K,L+1)*B3(I,K,L+1)*B3 () ,K,L+1)
S3(K)=$3(K)+4.0%C(JA,K L) *(A3CI,K,L)*B3(J,KsLI+B3(I, K, LI*A3 (I K,
g LYY +2.0%CCJA,K L+1) % CA3CI K L+1)%B3(J,K,L+1)+B3 (1 K LH1)
g *A3(J/KsL41D)
CONTINUE
SE1=51(1}~51(NA)
SE2=52(1)-S2(NA)
SE3=53(1)-53(NA)
DO 315 1I1=2,NN2,2
SE1=SE1+4,0%S1(11)+2.0%S1(11+1)
SE2=SE2+4.0%S2(11)+2.0%xS2(11+1)
SE3=SE3+4.0%S3(I1)+2.0%xS3(II+1)
CONTINUE
IF(LH.EQ.1) 60 TO 316
AK3(JA,LE)=(SE1+SE2+ED(3,3)XxSE3)*DPX*DPY4TH/9.0
G0 TO 320

AK3(JA,LE)=(D.5%SET1+0.5%SE2+ED(3,3)*SE3) XDPX*DPY*TH/9.0
LG=LG-1

LF=L¥+LG6

CONTINUE

RETURN

END

SUBROUTINE NOAK1

COMMON DB(300),0B1(12),bB3(78),DF(150),F3¢100),PT3(¢100),P3(8)
COMMON  INDEX(150),INDPX (100> ,NN,NU,NT,NT2,LOAD,BETA,AL,/BL
COMMON DU(200),PF(100>,F1(150),PT1(150),DUK(8),DU1(96),DU2(364)
COMMON  P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96) ,IND(150)
COMMON  X(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,IPD(100)
CONMON  NOKW (53> ,NOKX (502 ,NOKY(50) ,NOPX (50} ,NOPY(5D0),1EP(50)
COMMON MCON(50,4) ,EMX,EMY,PX,PY,GXY,CRTV,ED(3,3),DPX,DPY,TH
COMMON MM2,NN2,MM,NA,XE(21),YE(21),5P(8,8),SP4(8,8),A1(8,11,11)
COMMON EXB,EYB,PXB,PYB,GXYB,ES(3,3),ALOAD,MAXNC

COMMON  51(21),52(21),53¢21),54(21),0SM¢100,100) -AKP(55,55)
COMMON  A2(12,11,11),B2(¢12,11,11),€2¢12,11,11) ,A3C12,11,11)
COMMON  A(8,11,11),8(8,11,113,C(8,11,11),5B{12,12),B3012,11,11)
COMMON  p7(150),98(100)>,RB(150) ,RU(100)

COMMON A5(8,11,11),B5(8,11,11)

90 305 K=1,NA

b0 305 L=1,MM

ASC1 /K /L)=-ALXES(1,1)%(1.0-YE(K))/BL**2
AS(2,K,L)>=-0.5%ES(1,2)*(1.0-XE(L))/BL
AS(3,K,Ly=-A5{1,K,L) )
A5C4,K,L)=-0.5%ES(1,2)*XE(L)/BL
A5(5,K,L)=AL*ES(1,1)*YE(K) /BL**2
A5(6,K,Ly=-A504,K,L)
AS(7,K,L)==A5(5,K,L)
A5(8,K,L)=-A5(2,K,L) .
B5(1,K/L)=-0.5%ES(1,2)*(1.0-YE(KY) /AL
B85(2,K/L)=-BLXES(2,2)*(1.0-XE(L))/AL**2
B5(3,K,L)=-B5(1,K,L)
BS5(4,K,L)=-BL*ES(2,2) *xXE (L) /AL*%2
B5(5,K,L)=0,5%ES(1,2)*YE(K) /AL
B5(6,KsL)=~B5{4,K,L)
B5(7,K,L)=-B5(5,K,L)
B5(8,K-L)=-B53(2,K,L)

CONTINUE

DO 480 1=1,12
DO 400 J=1,96
AK1(1,J)=0.0
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b0 410 1=1.,12

LE=0

0 410 JA=1,8

DO 410 J=1,12

LE=LE+1

b0 404 K=1,NA
STCKI=A5(JA/K, 1) *A3(1,K-1)*A3(J K, 1)

& =A5(JA,K,-MM) *A3(I,K-MM) *A3 (J, K, HM)

S2(K)=B5(JA,K,1)*B3(1,K,1)*B3(J,K,1)
-B5(JA,K,MM) *B3(I1,K,MM)*B3(J ,K, MM)

&
§3(K)=CCIA,K,1)*(A3(1,K,1)*B3(J,K,1)+B3CI,K,1I%A3(J,K,1))
& —CCJA K/ MMY X CASCI K MM *B3(J K oMM #B3 (X, K - MM) X A3 (U K- HM) )

DO 404 L=2,MM2,2
S1CKI=S1(K}+4.0%A5(JA,K,L)*A3(I,K,LI*A3(I, K L)
+2.0%A5CJA,K L1 *ASCI K/ L+T1) A3 (I K L)

&
$2(K)=S2(K)+4.0*B5(JA,K,L)*B3(I1,K,L)*B3J,K,L)
&

+2.0%B5¢JA, K L+1)*B3(1,K,L+1)*B3 (3 K/ L+1)

S3(K)=S3(KI+4. 0% C(IA, K L)X CAZCI K, LIXB3(J, K, LY+83C(1,K,L)%A3Cd,K,
&

L))42.0%CCJA,K L+T) % (A3 (I, K, L+1)*B3CJ /K, L+1)4+B3(1,K,L+1)
*A3CI,K,L$1))

404 CONTINUE

405
410

500

&
510 CONTINUE

515

SE1=81(1)-S1(NA)

SE2=S2(1)-S2(NA)

SE3=S3(1)-S3(NA)

DO 405 11=2,NN2,2
SE1=SE1+4.0%ST(1IX+2.0%xS1(11+1)
SE2=SE2+4.0%S2(I112+2.0482(¢11+1)
SE3=SE3+4.0%S3(11)+2.0%S3(11+1)

CONTINUE
AK1(I,LEY=(SE1+SE2+ES(3,3)*SE3)#DPX*DPYXTH/9.0
CONTINUE

RETURN
END

SUBROUTINE NOAK2

COMMON * DB(300).,0B1(12),0B3(78),DF(150),F3(¢100),PT3(100),P3(8)
COMMON INDEX(1503,INPPX(100),NN,NU,NT,NT2,L0AD,BETA,AL,BL
COMMON  DU(200),PF(100),F1(150),PT1¢150),DUK(8),DUT(96),DU2(364)
COMMON P1C(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),IND(150)
COMMON  X(100), NODE,NELM,KOW,KOX,KOY,KPX/KPY,ISIGN,IPD(100Q)
COMMON  NOKW(50) ,NOKX(S50),NOKY (50) ,NOPX(50),NOPY(50) L IEP(50)
COMMON  MCON(50,4)  EMX,EMY,PX,PY,GXY,CRTV,EP(3,3),DPX,DPY,TH
COMMON . MM2,NN2,MM,NA,XE(21),YE(21),SP(8,8),5P4(8,8),A1(8,11,11)
COMMON EXB-EYB,PXB,PYB,GXYB,ES(3,3),ALOAD,MAXNC

COMMON  §1(21),52(21),83(21),54(21),0SM(100-100) ,AKP(55,55)
COMMON  A2(12,11,11),B2¢12,11,11),€2¢12,11,-11) ,A3(12,11,11)
COMMON A(8,11,11),B(8,11,11),€(8,11,11),58(12,12),83(12,11,11}
COMMON 07(150>,p8(100),RB(150),RU(10D)

COMMON A5(8,11,11),B5(8,11,11)

00 500.1=1,12
00 500 J4=1,364
AK2(1,4)=0.0

b0 550 1E=1.,12

LE=0

b0 550 1=1,12

b0 550 J=1,12

pO 550 KE=J,12

LE=LE+1

D0 510 K=1,NA
ST(K)=A3(IE,K,1)*A3(I,K,1)*%A3(J,K,1)*A3(KE K1)

& “A3(IE K/ MM) *A3 (1, K, MMI*A3 (S, K, MM) A3 (KE, K, MM)

S2.(K)=B3(IE,K,1)*B3(1,K,1)Y*B3(J,K,1)*B3(KE,K,1)

& ~B3(IE,K,MM)*B3(1,K,MM}*B3 (J,K,MM) xB3(KE,K,MM)

&

po 510 L=2,MM2.2

ST(KI=S1(K) +4.0%A3(IE,K/LY*A3(I,K,LI A3 (I K, LIXAS(KE K L)
+2.0%A3(IE K L+T1)*A3 (I K L+1)%A3(IsK,/L+1) *AZ(KE,K,L+1)

$2(K)=S2(K)+4.0%B3(IE,K,L)*B3(I1,K,L)*B3(J,K,LI*BI(KE K L)

+2.0%B3(IE,K,L+1)*B3(1,K,L+1)*B3(J,K,L+1)*B3(KE,K,L+1)

SE1=51(1)-ST(NA)

SE2=S2(1)-S2(NA)

D0 515 II=2,NN2,2

SE1=SET1+4.0%S1(I1X+2.0%S1(11+1)

SE2=SE2+4.0%S2(I11)+2.0%S2(11+1)

CONTINUE

AK2C(IE,LEY=CAL*ES(1,1)*SE1/BL%%3
+BLXES(2,2)*SE2/AL**3)*xpPX*DPYXTH/18.0

113
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IF(J.NE.KE) GO T0-100

IF(I.EQ.J) GO TO 550

AK2(I1E,LEY=3.%AK2(IE,LE)

60 TO 550

IF(I.NE.J) GO TO 208

AK2 (1E,LE)=3.%AK2 (1E,LE)

60 TO 550

AK2(1E,LE)=6.%AK2(I1E,LE)

CONTINUE o

PO 580 11=1,12

LE=0
D0 580 12=1,12
D0 580 13=12,12
PO 580 14=13,12
LE=LE+1
DO 551 K=1,NA
SST=A3(I1,K,1)*(A3(12,K,12%B3(13,K,1)*B3(14,K,1)
& +B3(12,K,1)*A3(13,K,1)*B3(14,K,1)
) +83(12,K,1)%B3(13,K,1)*A3(14,K, 1))
§S2=A3(I11,K, MM)* (A3 (I12,K,MM) *#B3 (13, K, MM)*B3 (14, K, MN)
& +B3(I12,K,MMI*A3(13,K, MM *B3 (14, K, MM)
& . +B3(I2,K,MM)*B3(I3,K, MM)*A3 (14, K, MM))
§53=83(11,K,1)*(B3(I2,K,1)%A3(I3,K,1)*A3{14,K,1)
+A3(12,K,1)*B3(13,K, 12 %A3 (14, K, 1)
+A3(12,K, 12 *A3(I3,K,1)*B3 (14K, 1))
SS4= 83(!1,K,MM)*(BB(IZ,K;MM)*A3(13,K'MM)*A3(14,KrMM)
+A3(I2,K, MM) %B3 (13,K, MM) ¥AS (14, K, MM)

& +A3(12,K - MM) %A3 (13, K - MMI *B3 (14, K, MMD)

$3(K)=5S1+S53~(SS2+584)

DO 551 L=2,MM2,2' :

§S5= 4.%A3(I1,K,L)*(A3(12,K,L)*B3(13,K,L)*B3(14,K,L)
+B3(12,K,L)*A3(I3,K,L)*B3(14,K,L)
+B3(12,K,L)*B3(13,K,L)*A3(14,K,L))

$§6= 2.%A3(I1,K,L+1)*(A3(12,K,L+1)%B3(I3,K,L+1)*B3(14,K,L+1)

+B3(12,K,L+1)*A3(I3,K, L+1)*B3(14,K,L+1)
+B83(12,K,L+1)*B3(13,K L+ 1) *A3L14,K/L+T))

§S7= 4.%B3(I11,K,L)*(B3(12,K,L)*AZ(I3,K,LI*A3(14,K/L)
+A3(12,K,LY*B3(13,K/L)*A3(14,K,L)
+A3(12,K,L)*A3CI3,K,L)%B3(14,K,L))

§58= 2.%B3(11,K,L+1)*(B3(I2,K,L+1)*A3(I3,K /L) *A3(14,K/L)

+A3(12,K,L+1)%B3CI3,K/LI*A3(14,K LD
+A3(12,K,L+1)*A3CI3,K,L+1)*B3 (14K, L+1))

Ropo 000

@

o

S3(K)»=53(K) +555+5S56+557+S58

CONTINUE

SE3=53(1)-S3(NA)

pO- 555 II=2,NN2,2

SE3=SE3+4.0%S3(11)+2.0%xS3CII+1)

§510=0.25%(ES(1,2)+4. 0*55(3,3))*553*DPX*DPY*TH/(9 0%AL*BL)

IF(I3.EQ.I4) GO TO 560
IF(12.EQ.13) GO 7O 575
§510=2.%5510

GO TO 575

IF(I2.NE.I3) GO TO 575
$$10=ss10/3.
AK2(I1,LEY=AK2(I1,LE)+SS10
CONTINUE

RETURN
. END

SUBROUTINE ITERATE

COMMON  DB(300),0B1¢12),0B3¢(78),DF(150),F3¢100),PT3(¢100),P3(8)
COMMON  INDEX(150),INDPX(100) ,NN,NU,NT,NT2,L0AD,BETA,AL,BL
COMMON  DU(200),PFC10M) ,F1(150) ,PT1C(150),DUK(8),DUT(96),DU2(364)
COMMON  P1(12),P2(12),AK3(8,78), AK2(12,364),AK1(12,96),INDC150)
COMMON X(100), NODE,NELM,KOW,KOX,KOY,KPX,KPY,ISIGN,IPD(100)
COMMON NOKHW(5D),NOKX(50) ,NOKY(50),NOPX(50) ,NOPY(50) -IEP(50)
COMMON  MCON(50,4) ,EMX,EMY,PX,PY,GXY,CRTV,ED(3,3),DPX,DPY,TH
COMMON  MM2,NN2,MM,NA,XE(21),YE(21),SP(8,8),5P4(8,8),A1(8,11,11)
COMMON EXB,EYB,PXB,PYB,GXYB-ES(3,3),ALOAD,MAXNC

COMMON §1¢21),52(21),583¢21),84(21),05M(100,100),AKP(55,55)
COMMON-  A2(12,11,11),B2(12,11,113,C2(12-11,11) A3 (12,171,112
COMMON A(8,11,11),B(8,11,11),C(8,11,11),5B(12,12),B3(12,11,11)
COMMON D7(150)>,08¢100),RB(150),RUC100)

COMMON A5(8,11,11),B5(8,11,11)
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CALUCULATION OF pB(D)
b0 700 I=1,NN ) :
RBCI)=0.

DO 700 K=1,NN
RB(I)=RB(I)+O0SM(I,K)*DF(K)
DO 701 I=1,NN

IA=INDEX(I)

PB(IA)=RB(I)

TDF=0.
00 1500 1=1,NT
TDF=TDPF+DF(I)

WRITE(6,801) TDF*4.
FORMAT(1H1,"DISPLACEMENT ON LOAD=',F10.4)
NC=0

IF(NC.GT.MAXNC) GO TO 760 -

WRITE(6,800) NC

FORMAT(1HD/1H0,10X,4HNC =,15)

IF(ISIGN.EQR.0)Y GO 7O 1000

00 702 I1=1,NT2
F3(1>=0.0
PT3(1)>=0.0

DO 710 M=1,NELM
N1=MCON(M,1)
N2=MCON(M,2)
N3=MCON(M,3)
N4=MCON{(M,4)
BPB1(1)=DB(3%xN1-2)
DB1(2)=DpB(3%N1-1)
DB1(3)=DpB{3%N1)
DB1(4)=pB{(3%N2-2)
DB1(5)=pB(3*N2-1)
DB1(6)=DB(3%N2)
bB1(7)=DB(3%N3-2)
DB1¢(8)=DB(3%N3-1)
DB1(9)=DpB(3%N3)
DB1(1D)=DE(3%N4=~2)

DB1{11)=DB(34N4-1)
DBI(12)=DB(3*N4)

L3=0

PO 704 1=1,12

DO 704 J=1,12

L3=L3+1
DB3(L3)=pB1(I)+DB1CJ)

p0 705 1=1,8

P3(1)=0.0

DO 705 J=1,78
P3(1)=P3(I)+AK3(1,4)*DB3(J)

PT3(2%N1-1)=P3(1)
PT3(2%N1)=P3(2)
PT3(2xN2-1)=P3(3)
PT3(2%N2)=P3(4)
PT3(2%xN3-1>=P3(5)
PT3(2%N3)=P3(6)
PT3(2xN4-1)=P3(7)
PT3(2%N&)=P3(8)

DO 707 1=1,NT2
F3(I)=F3(1)+PT3(D)

D0 708 L=1,NT2
PT3(L)=0.0

CONTINUE
CALCULATION OF DU(D)

00 711 1=1,NU
IB=INDPX(I)
F3(1)=F3(1B)

D0 712 1=1,NU

RUCI)=0.0

DO 712 K=1,NU

RUCI) =RUCI)+AKP (I,K)*(PF(K)~F3(K))
DO 714 I=1,NU

I1B=INDPX(I)

PUCIB)=RU(I)

115
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1000 WRITE(6,802)
802 FORMATC(1HO/1HO,1X,4HNODE, 11X, 4HDISW, 11X, 4HFAIX, 11X, 4HFALY 12X,
& 3HDUX,12X,3HDUY) .
WRITE(6,803) (I,0B(3*I-2),DB(3%I-1),DB{(3*x1),DU(2%1-1),
& DUC2%1),1=1,NODE)
803 FORMAT(TH ,14,1P5E15.5)
IF(ISIGN.EQ.D) GO TO 770

LOAD1=LOAD+NT
DELT=(DB(LOAD)~DB(LOAD1))>/DB(LOAD)
WRITE(6,804) DELT

804 FORMATCIHO/THO,SHDELT=,F15.8)

WRITE(6,815) PB(1),DB(76)
815 FORMAT(IHO/1HO,6HDB(1)=,1PE15.5,10X,7HDB(76)=,1PE15.5)
IF(ABS(DELT).LT.CRTV) GO0 TO 770

00 720 L=1,NT

LS=L -

LL=NT+LS

D7(L)=(1.0-BETA)*DB(LL)+BETA*DB(L)
720 pB(LLY=DB(L)}

DO 721 J=1,NT2

JI=NT24Y

DS8(J)I=(1.0-BETAY*DU(JJ)+BETAXDUCI)

721 pUIIY=DUWI)

fa)

DO 722 I=1,NT
F1(1)=0.0
722 PT1(1)=0.0

PO 740 M=1,NELN
N1=MCON(M,1)
N2=MCON(M,2)
N3=MCON(M,3)
N4=MCON{(M,4)
DUK(1>=p8(2%N1-1)
DUK(2)=D8(2%N1)
DUK (3)=p8(2%xN2~-1)
DUK(4)=D8(24N2)
DUK(5)=D8(2%N3-1)
DUK(6)=D8(2%N3)
PUK(7)=p8(2%N4-1)
DUK(8)=p8(2xN4)
DB1(1>=p7(3%N1-2)
DB1(2)=Dp7(3%xN1-1)
DB1(3)=D7(3%N1)
DB1(4)=D7(3%N2-2)
DB1(5)=D7(3%xN2-1)
DB1(6)=D7(3%N2)
DB1(7)=D7(3%N3-2)
DB1(8)=D7(3%N3-1)
DB1(9)=D7(3%N3)
DB1(10)=Dp7(3%N4~-2)
DB1(11)=Dp7(3%N4-1)
PB1(12)=D7{(3%N4)

L1=0

DO 725 1=1,8
DO 725 J=1,12
L1=L1+1

725 pUT(L1)=DUK(I)I*DB1(J)

wn

L2=0

DO 726 1=1,12
b0 726 J=1,12
DO 726 K=J,12
L2=L2+1

726 pU2(L2)=0B1(I)*DB1(J)I*DB1(K)

o

DO 728 I=1,1%12
P1(1)=0.0
DO 728 J=1,96
728 P1(I)=P1(IY+AKT1(I,J)*DUTCJ)

Do 729 1=1,12
P2(1>=0.0
DO 729 J=1,364
729 P2(1)=P2(I)+AK2(1,J)*DU2(J)
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PT1(3%xN1=2)=P1(1}+P2(1)
PT1(3%N1-1)=P1(2)+P2(2)
PT1(3%xN1)=P1(3)+P2(3)
PT1(3%xN2-2)=P1(4)+P2(4)
PT1(3%xN2-1)=P1(5)+P2(5)
PT1(34N2)=P1(6)+P2(6)
PT1(34N3-2)=P1(7)}+P2(7)
PT1(3%xN3-1)=P1(8)+P2(8)
PT1(3%N3)=P1(9)+P2(9)
PT1(3%N4-2)=P1(10)+P2C1D)
PT1(3xN4-1)=P1C11)+P2C1T)
PTT(3xN4&)=P1(12)+P2(12)

DO 732 I=1,NT
FICIY=F1CI)+PTIL(D)

PO 735 L=1,NT
PTI(L)=0.0

CONTINUE

DO 741 I=1,NN

TA=INDEX (1)

FI1C1Y=F1(IA)
CALCULATION OF DB(1T)

DO 744 K=1,NT

pB(K)>=0.0

DO 745 I=1,NN

R8(1)=0.0

DO 745 K=1,NN )

RB(I)=RB(I}+0SMCI,K)* (DF(K)=F1(K))

p0 750 I=1,NN

IASINDEX(I)

DB(IA)=RB(I)

NC=NC+1

GO TO 755
RETURN

WRITE(6,808) NC

FORMAT (1HO/1HO, "NC.GT . MAXNC=",15)
STOP

END

A A
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Fig. 3 Square plywood with two opposite

edges simply supported and the other
two edges free.

Exm=656.2kg/mm?, Eym=606.1kg/mm?2,
[lxym=0. 189, ﬂyxm=0. 174, Grym=D52. 3kg
/mm?, Exp=740.7kg/mm?, Ey»=286.5kg
/mm?, peys=0.173, pyx6=0.067, Gzxyb=
52.3kg/mm?,

suffixes mean.... b: in bending, m: in
tension, x: parallel to span, y: perpen-
dicular to span.

P=80kg (concentrated load).
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75 ALY EALLEOARNOCS 5, ¥, LD EEDOOWTERT DL
XL, AWRERE, At thThl6, 25ThHb. L

NODE=25 ELEMENT=16 LoAD= 1

ISIGN=1 MAXNC=35

NODE COORDINATE (X,Y)
1 0.0000 0.0000
2 51.2500 0.0000
3 102.5000 0.0000
4 153.7500 0.0000
5 205.0000 0.00D0C
6 0.0000 51.2500
7 51.2500 51.2500
& 102.5000 51.2500
9 153.7500 51.2500

10 205.0000 51.2500
1" 0.0000 102.5000
12 51.2500 102.5000
13 102.5000 102.5000
14 153.7500 102.5000
15 205.0000 102.5000
16 0.0000 153.7500
17 51.2500 153.7500
18 102.5000 153.7500
19 153.7500 153.7500
20 205.0000 153.7500
21 0.0000 205.0000
22 51.2500 205.0000
23 102.5000 205.0000
24 153.7500 205.0000
25 205.0000 205.0000

KO O SOKU SETTEN
5 10 15 20 25
1 - 2 3 4 S 10 15 20 25

EMX= 656.20001 EMY= 606.13000 pX=0.18910° PY=0.17470 &Xy= 52.32000
TH= 7.9420 ¢RTV=0.00200

EXB= 740.67 EYB= 286.49
PXB=0.17340 PYB=0.06707 GXYB= 52.32000
NELM NODES(I,J K,sL) NELM NODES(I,J K,L)
1 1 2 3 2 2 7
3 3 4 9 8 4 4 5 10 b4
5 ] 7 12 11 6 7 8 13 12
7 8 b4 14 13 8 9 10 15 14
9 11 12 17 16 10 12 13 18 17
1M 13 14 19 18 12 T4 15 20 19
13 16 17 22 21 14 17 18 23 22
15 18 19 24 23 16 19 20 25 24
BETA= 0.30000 pF(1)= ~-20.00000
MH XE(I) YE(I)
0.00 0.00

0.10 0.10
0.20 0.20
0.30 0.30

S DWVENG WS WN S
[=]
v
o
o
"
[=]

-



BROK I HREHCBIT 57 = 75 A 119

DISPLACEMENT ON LOAD= - -80.0000 . N
NC = [1}
NODE DISW FAIX FALY DUX puyY
1 ~1.19583€E+01 0.00000E+00 0.00000e+00 - 0.00000e+00: 0.00000e+00

2 ~1.06532eE+01 0.0000GE+00 4.46088E-02 8.38455€-03 0.00000e+00
3 -7.79647E+00 0.00000E+00 6.63243€-02 -5.60248E~02 0.00000E+00
4 -4.09502E+00 0.00000E+00 7.79501€-02 -1.8270%e-01 0.00000e+00
5 0.00000€e+00 0.00000e+00 = 8.16682e-02 -3.42998E-D1 0.00000&+00
6 ~1.07570€e+01 3.51517€-02 0.00000E+00 0.00000E+00 - 6.98943E-03
7
8

-9.81173€e+00 2.92154E-02 3.60516E-02 -4.31046E-03 7.67286E-04
~7.30525E+00 1.79624E-02 6.01802e-02 . -5.81563E-02 -6.03224€-03
9 -3.86750&+00 8.44562E-03 7.31103€-02 -1.68530e-01 -1.18045e-02

10 0.00000£+00 0.00000E+00 7.720728-02 -3.11429€E~-01 =3.27122€e-02
11 -8.80637€+00 3.94625E-02 0.00000e+00 0.00000E+00 -1.60142E-02
12 -8.10690e+00 3.52826E-02 2.65975e~-02 -1.19459E~-02 -1.75396€-02
13 -6.15282€+00 2.51013€-02 4.81981E-02 -5.28697E-02 ~1.89835e-02

14 -3.30289€e+00 1.27281E-02 -6.16079e-02 ~1.32374€-01 ~2.34205e-02
15 0.00000€+00 0.00000e+00 6.60608E-02 -2.37010e-01 -5.39187E-02
16 -6.90148€+00 3.49951€~-02 0.00000£+00 0.00000e+00 -4.,39024E-02
17 -6.37527E+00 3.20976€e-02 2.01391€-02 ~1.33723e-02 -4.07514€-02

18 -4.87713e+00 2.41140€E-02 3.72359E~-02 -4.38223€-02 -3.32535e-02
19 ~2.63777E+00 1.27920e-02 4.86350E-02 -9.77585E-02 -3.26855e-02
20 0.00000€e+00 0.00000e+00 5.26194€-02 -1.66436E~01 -6.05054€e-02
21 -5.23781€e+00 3.08781E-02 0.00000e+00 0.00000£+00 -6.65703e-02
22 -4.84486E+00 2.84182€E-02 1.54724E-02 -2.97129€-02 -5.98335e~02

23 -3.71875E+00 2.15365€~-02 2.88222E-02  -6.144438-02  -4.41845E-02
26 -2.01834E+00 1.15314E-02 3.79613E-02  -9.65038E-02  -3.72220E-02
25 0.00000E+D0 0.00000E+00 4.12247€-02  -1.36236E-01 -5 98546€-02

DELT= 1.00000000

DB(1)=  -1.19583E+01 DB(76)= 0.00000E+00

NC = 15

NODE DISW FAIX FALY plik ¢ pUY
1 -1.01212€+01 0.00000€+00 0.0D0000E+00 0.00000E+00 0.00000£+00
2 -9.00190E+00 0.00000E+00 3.798728-02 5.31346€-03 0.00000£+00
3 -6.59327E+00 0.00000E+00 5.58446E~02  -4.06399E~02 0.00000€+00
4 -3.46977£+00 0.00000E+00 6.58377E-02  -1.31031E-01 0.00000£+00
5 0.00000E+00 D.00000E+0G 6.914036-02  -2.46453E-01 0.00000E+00
6 -9.11549E+00 2.83759E-02 0.00000€+00  0.00000E+GO 4.08807€-03
7 -8.30765E+00 2.348376~02 3.077646E-02  -4.14234E~03  -1.43609€-04
8 - -6.18049E%00 1.44636E-02 5.08822E-02 -4.35980E-02  -4.04176E-03 .
9 ' -3.27284E+00 6.92233E-03 6.174D4E-02  -1.22929E-01  -7.60041£-03
10 0.00000£+00 6.00000€+00 6.52397E-02  -2.25429E-01  -2.14534E-02
11 -7.5978DE+00 2.98003E-D2 0.D0000E+0D D.00D0DE+00  ~9.31812E~D3
12 -6.98330€+00 2.65634E-D2 2.33163e-02  -8.94968E-03  -1.07080E-02
13 -5.28327£+00 1.88985E-02 4.16835E-02  -3.99533E-02 -1.18094E-02
14 -2.82937E+00 9.65410£-03 5.27812E-02  -9.90839E-02  -1.48463E-02
15 0.00000£+00 0.00000E+00 5.64506E-02  -1.76032E-01 -3.51759E-02

16 -6.19325E+00 2.52308E~02 0.00000E+00 0.00000E+00 -2.39168E-D2
17 ~5.70616£+00 2.31931e-02 1.85949€-02 -9.47053E-03 -2.27429€-02
18 -4.33923E+00 1.75703e-02 "3.36946E-02 -3.33304E-D2 ~1.93911e~02

19 -2.33384E+00 9.41926E-03 4.32164E-02 -7.58408€-02 ~-2.03192g~02
20 0.00000e+00 G.00000e+00 4.64548E~02 -1.29558E-01 -3.93593e-02
21 -5.01680£+00 2.13842e-02 0.00000e+00 0.00000E+00G -3.48224€-D2

22 -4.61709e+00 1.98519e-02 1.54624E~02 -1.96475e-02 -3.19850&e-D2
23 ~3.50213e+00 1.53742E~02 2.78416E-02 -4.42481E-02 -2.48203e-02
24 ~1.87894E+00 8.42104E-03 3.55065€-02 -7.44364E-02 -2.27532e-02
25 0.00000E+00 0.00000£+00 3.80375e-02 -1.08964E~01 -3.88341€-02

DELT= 0.00114045
PB(1>=  -1.01212£+01 DBC76)=  =1.01097E+01
118 — CATTF~ o
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Summary

The geometrically non-linear bending problem of axisymetric plywood was ana-
lysed by author®,.

The basic theory adopted in the analysis was the finite element method based
upon a displacement method. In the numerical-solutoin procedure, the iteration
technique was applied. Comparative study with the results of the authors exper—
iment justified the applicability of the proposed expression.

The object of this paper was to develop a computer program to determine the
large deflection for anisotropic rectangular plate (contained plywood) under lateral
load. .

A listing of program, written in JIS FORTRAN was given, the input and output
data for example plate were also presented.





