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C*i**i*****t***&i**i*i**i**********************i******ii***c

CHh**

A FORTRAN PROGRAM BASED ON A NON-LINEAR DR METHOD ***C

C*****************************************ﬁ***i**********'ﬁ*c

C**i
C***

c***

o000 00a0n

naOaOOOaaOOaO

C**t

aaoOOO0OOO000000

NON-LINEAR ANALYSIS OF RECTANGULAR LAMINATED PLATES UNDER STATIC
LATERAL LOADING USING FIRST ORDER SHEAR DEFORMATION THEORY

DIMENSIONS OF THE PLATE:-

A=LENGTH OF THE PLATE IN THE DIRECTION OF THE X-COORDINATE
B=BREATH OF THE PLATE IN THE DIRECTION OF THE Y-COORDINATE
NEX=NUMBER OF ELEMENTS IN THE X-DIRECTION

NEY=NUMBER OF ELEMENTS IN THE Y-DIRECTION

LAMBDA=PLATE SIDE TO THICKNESS RATIO (i.e. a/h)

h=PLATE THICKNESS

ZK, ZK1=DISTANCE OF UPPER AND LOWER SURFACES OF THE LAMINA
FROM THE PLATE MID-PLANE

X,Y,Z=CARTEZIAN COORDINATES

QL=NON-DIMENSIONALIZED LATERAL LOAD
ELASTIC PROPERTIES OF THE PLATE:-

NU12=POISSON'S RATIO IN THE X-DIRFCTION WHEN STRESSED IN THE Y-
DIRECTION

NU21=POISSON'S RATIO IN THE Y-DIRECTION WHEN STRESSED IN THE X-
DIRECTION

E1=MODULUS OF ELASTICITY IN THE X-DIRECTION

E2=MODULUS OF ELASTICITY IN THE Y-DIRECTION

G12=MODULUS OF RIGIDITY IN THE X-Y PLANE

G13=MODULUS OF RIGIDITY IN THE X-Z PLANE

G23=MODULUS OF RIGIDITY IN THE Y-Z PLANE

TERMINOLOGIES OF LAMINATION:-

THETA (I)=ANGLE OF LAMINATION
NOL=NUMBER OF LAYERS

€.

SCF=SHEAR CORRECTION FACTOR
TERMINOLOGIES USED IN THE DR METHOD

KU, KV, KW, KPH],, KPSI=DAMPING COEFFICIENTS
RHOU, RHOV, RHOW, RHOP, RHOS=INERTIA COEFFICIENTS

DT=TIME INCREMENT !

UT, VT, WT, PHIT, PSIT=VELOCITIES OF THE PLATE ELEMENTS
U,V,W, PHI, PSI=DISPLACEMENTS OF THE PLATE ELEMENTS
N1,N2,N6,Q1,02,M1, M2, M6=STRESS RESULTANTS AND COUPLES
N1=NX, (STRESS RESULTANT IN THE X-COORDINATE)

N2=NY, (STRESS RESULTANT IN THE Y-COORDINATE)

N6=NXY, (STRESS RESULTANT IN THE X-Y PLANE)

01=0X, (TRANSVERSE SHEAR RESULTANT IN THE X-COORDINATE)
02=QY, (TRANSVERSE SHEAR RESULTANT IN THE Y-COORDINATE)
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M1=MX, (STRESS COUPLES 1N THE X-COORDINATE)

M2=MY, (STRESS COUPLES IN THE Y-COORDINATE)

M6=MXY, (STRESS COUPLES IN THE X-Y PLANE)

EPSIN1,EPSIN2, EPSIN6=EXTENSIONAL AND SHEAR STRAIN COMPONENTS OF
PLATE MID-PLANE

EPSIN4, EPSIN5=TRANSVERSE SHEAR STRAIN COMPONENTS OF PLATE
MID-PLANE

CHIN1,CHIN2,CHING6=CURVATURE AND TWIST COMPONENTS OF PLATE
MID-PLANE

OTHER TERMINOLOGIES

Aij=PLATE IN-PLANE STIFFNESSES, WHERE (i, j=1,2,6)
Aij=PLATE TRANSVERSE SHEAR STIFFNESSES, WHERE (i,3=4,5)
Bij=PLATE COUPLING STIFFNESSES, WHERE (i,j=1,2,6)
Dij=PLATE FLECTURAL STIFFNESSES, WHERE (i,j=1,2,6)

INTEGER QX1,QY1,0X2,QY2

REAL KU, KV, KW, KP,KS, KSU, KSV, KSW, KSP, KSS, LAMBDA, N1, N2, N6, M1, M2, M6,

+NU12,L1,L2,L3,NB1,NB2,NB6,MB1,MB2,MB6,NU21, NBB1, NBB2, NBB6, MBE1,
+MBB2, MBB6

PARAMETER (M=18)

DIMENSION U(-2:M,-2:M),V(-2:M,-2:M),W(-2:M,-2:M),

+PHI (-2:M,-2:M),PSI(-2:M,-2:M),UT(-2:M,-2:M),

+VT (-2:M,-2:M) ,WT (-2:M,-2:M),PHIT(-2:M,-2:M),
+PSIT(-2:M,-2:M),Q1(-2:M,-2:M),Q2(-2:M,-2:M),
+N1(-2:M,-2:M),N2(-2:M,-2:M),N6(-2:M,-2:M),
+M1(-2:M,-2:M),M2 (=-2:M,-2:M),M6(-2:M,-2:M),
+NB1(-2:M,-2:M) ,NB2(-2:M,-2:M) ,NB6(-2:M,-2:M),
+MB1 (-2:M,-2:M),MB2(-2:M,-2:M) ,MB6(-2:M,-2:M),
+QBl1(-2:M,-2:M),QB2(-2:M,-2:M)

DIMENSION RHOU(-2:M,-2:M),RHOV(-2:M,-2:M),
+RHOW(-2:M,-2:M) , RHOP(-2:M,-2:M) , RHOS (-2:M,-2: M)

DIMENSION THETA(20)

OPEN(UNIT=5,FIL§='DR.DAT',STATUS=’OLD')
OPEN (UNIT=6, FILE="'DR.OUT', STATUS="'UNKNOWN")

READ STATEMENTS

READ(5,*) KU, KV, KW, KP, KS

READ(5,*) DT, NMAX, NEX,NEY, SCF

READ(5,*) NX1,NXY1l,QX1,MX]l,6 MXY1

READ(5,*) NX2,NXY2,QX2,MX2,MXY2

READ (5, *) NY1,NYX1,QY1l,MY1l,MYX1 '
READ (5, *) NY2,NYX2,QY2,MY2,MYX2

READ(5,*) A,B,LAMBDA, QL, NOL

READ(5,*) (THETA(I),I=1,NOL)

READ(5,*) E1l,E2,G12,G13,G23,NU12

FORMAT STATEMENTS
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10 FORMAT (1X, 'W(I,J)")

15 FORMAT (11 (1X, F8.4))

20 FORMAT (2X, 'KU=',F8.2,2X, 'KV="',FB.2,2X, 'KW=',F8.2,2X, 'KP=",F8.2,
+2X, 'KS="',F8.2)

30 FORMAT (2X, 'DT=',F3.2,2X,'NMAX =',I5,2X, 'NEX=',I2,2X, 'NEY=',61I2,
+2X, 'SCF=",F7.4)

40 FORMAT (2X,'A=',F4.2,2X,'B=',F4.2,2X, 'LAMBDA=",F7.3,2X, 'QL=",F10.4,
+2X, 'NOL=",12)

50 FORMAT (2X, 'THETA(I)=',16(2X,F5.1))

60 FORMAT (2X,'El=',6F7.4,2X,'E2=',F5.3,2X, 'G12="',F6.4,2X, 'G13=",F6.4,
+2X,'G23=",F6.4,2X, 'NU12=",F4.3)

70 FORMAT (2X, 'NX1=',T1,2X, 'NXYl=',I1,2X, 'QX1="',1I1,2X, 'MX1=",1I1,2X,
+'MXY1=",1I1)

80 FORMAT (2X, 'NX2=',Il,2X, 'NXY2=',11,2X," 'QX2="',I1,2X, 'MX2=",11,2X,
+'MXY2=",11)

90 FORMAT (2X, 'NY1=',I1,2X, 'NYX1=',1I1,2X,'QYl=",1I1,2X, 'MYl=",11,2X,
+'MYX1=",1I1)

100 FORMAT (2X, 'NY2=',1I1,2X, 'NYX2=',61I1,2X,'QY2=",11,2X, 'MY2=",11,2X,
+'MYX2=",11) .

C*** WRITE STATEMENTS

WRITE(6,20) KU,KV,KW,KP,KS
WRITE (6, 30) DT,NMAX,NEX,NEY, SCF
WRITE (6,40) A,B, LAMBDA, QL,NOL
WRITE (6,50) (THETA(I),I=1,NOL)
WRITE(6,60) E1,E2,G12,G13,G23,NU12
WRITE (6,70) NX1,NXY1l,QX1,MX1,MXY1
WRITE(6,80) NX2,NXY2,QX2,MX2,MXY2
WRITE(6,90) NY1,NYX1,QY1,MY1l,MYX1
WRITE (6,100) NY2,NYX2,QY2,MY2, MYXZ

PI=22.0/7.0

DO 110 I=1,NOL
THETA (I)=THETA(I)*PI/180.0
110 CONTINUE

DX=A/FLOAT (NEX)
DY=B/FLOAT (NEY)

All=0.
Al12=0.
Al13=0.
Al6=0.
A22=0.
A23=0.
A26=0.
A33=0.
Ad44=0.
A45=0,
A55=0.
A66=0.
B11=0.
B12=0.
B16=0.
B22=0.

CCOO0OCOO0O0DO0OD0DO0OO0O0O0OO0OO0O




B26=0.0
B66=0.0
D11=0.0
D12=0.0
D16=0.0
D22=0.0
D26=0.0
D66=0.0

NU21=NU12*E2/El
CB11=E1l/(1.0-NU12*NU21)
CB12=E2*NU12/(1.0-NU12*NU21)
CB13=0.0

CB16=0.0
CB22=E2/(1.0-NU12*NU21)
CB23=0.0

CB26=0.0

CB33=0.0

CB36=0.0

CB44=G23

CB45=0.0

CB55=G13

CB66=G12

DO 120 I=1,NOL

COT=COS (THETA (I))

SIT=SIN(THETA(I)) )
Cl1=CBl1*COT**4+2.0*COT**2*SIT**2* (CB12+2.0%CB66) +CB22*SIT**4~
+4.0*COT*SIT* (CB16*COT**2+CB26*SIT**2)

Cl2=COT**2*SIT**2* (CB11+CB22-4.0*CB66) +CB12* (COT**4+SIT**4)+2.0
+*COT*SIT* (COT**2-SIT**2)* (CB16-CB26)

C13=CB13*COT**2+CB23*SIT**2

C16=COT*SIT* (CB11*COT**2-CB22*SIT**2~(CB12+2.0*CB66) *
+ (COT**2-SIT**2) ) +COT**2* (COT**2-3.0*SIT**2) *CB16+SIT**2* (3.0*COT
+**2=SIT**¥2)*CB26

C22=CB11*SIT**4+2.0*COT**2*SIT**2* (CB12+2.0*CB66)+CB22*COT**4+4.0
+*COT*SIT* (CB26*COT**2+CB16*SIT**2)

C23=CB13*SIT**2+CB23*COT**2

C26=COT*SIT* (CBL1*SIT**2~CB22*COT**2+ (CB12+2.0*CB66)*
+(COT**2-SIT**2))+COT**2* (COT**2~-3.0*SIT**2) *CB26+SIT**2* (3.0*COT

« +**2-SIT**2) *CB16

C33=CB33

C36=(CB23-CB13) *COT*SIT
C44=CB44*COT**2+CB55*SIT**2+2.0*COT*SIT*CB45
C45=(COT**2-SIT**2)*CB45- (CB44-CB55) *COT*SIT

~ C55=CB44*SIT**2+CB55*COT**2-2.0*COT*SIT*CB45

C66=(CB11+CB22-2.0*CB12) *CQE**2*SIT**2+CB66* (COT**2~SIT**2) **2
+—2.0*COT*SIT*(COT**Z-SIT**Z)*(CBZG—CBlGJ

ZK=-0.5+ (FLOAT (I)~-1.0) /FLOAT (NOL)
ZK1=-0.5+FLOAT (I)/FLOAT (NOL)

All1=A11+C1l1* (ZK1-ZK)
Al12=A12+C12* (ZK1-ZK)
Al6=A16+C1l6* (ZK1-ZK)
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A22=A22+C22* (ZK1-ZK)
A26=A26+C26* (ZK1-ZK)
A66=R66+C66* (ZK1-ZK)
A44=P44+SCF*C44* (ZK1-ZK)
A45=P45+SCF*C45* (ZK1-ZK)
A55=A55+SCF*C55* (ZK1-ZK)

B11=B11+C1l1l* (ZK1**2-ZK**2) /2.
B12=B12+C12* (ZK1**2-ZK**2) /2.
B16=B16+C1l6* (ZK1**2-2ZK**2) /2.
B22=B22+C22% (ZK1**2-2K**2) /2.
B26=B26+C26* (ZK1**2-ZK**2) /2.
B66=B66+C66* (ZK1**2-ZK**2) /2.

eoNolelollolo]

D11=D11+C11* (ZK1**3-ZK**3)/3.

D12=D12+C12* (ZK1**3-ZK**3) /3.

D16=D16+C16* (ZK1**3-ZK**3) /3.

D22=D22+C22* (ZK1**3-ZK**3) /3.

D26=D26+C26* (ZK1**3-ZK**3) /3.

D66=D66+C66* (ZK1**3-ZK**3) /3.
120 CONTINUE

000000

C*** SET INITIAL VALUES FOR STRESSES

DO 130 I=0,NEX
DO 130 J=0,NEY
N1(I,J)=0.0

N2(I,J)=0.0
N6(I,J)=0.0
Q1(1,J)=0.0
Q2(1,J)=0.0
M1(I,J)=0.0
M2(I,J)=0.0
M6(I,J)=0.0

130 CONTINUE
C*** SET INITIAL VALUES FOR VELOCITIES

DO 140 I=0,NEX
DO 140 J=0,NEY
UT(I,J)=0.0
VT (I,J)=0.0 .
WT(I,J)=0.0
PHIT(I,J)=0.0
PSIT(I,J)=0.0

140 CONTINUE

C*** SET INITIAL VALUES FOR DRSELACEMENTS

DO 150 I=0,NEX
DO 150 J=0,NEY

U(I,J)=0.0
V(I,J)=0.0
W(I,J)=0.0

PHI(I,J)=0.0
PSI(I,J)=0.0
150 CONTINUE
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NBB1l= (A11+A16) /DX+ (A12+A16) /DY +4.0*ABS (B11) /DX**2+4.0*ABS (B12)/
+DY**2+2.0*ABS (B16) / (DX*DY)

NBB2=(A12+A26) /DX+ (A22+A26) /DY+4 .0*ABS (B12) /DX**2+4.Q*ABS (B22) /
+DY**2+2.0*ABS (B26) / (DX*DY)

NBB6= (Al6+A66) /DX+ (R26+A66) /DY+4.0*ABS (B16) /DX**2+4.0*ABS (B26) /
+DY**2+2.0*ABS (B66) / (DX*DY)

OBB1=A45* ((1.0/DY)+1.0)+A55* ((1.0/DX)+1.0)

QBB2=A44* ((1.0/DY)+1.0)+A45* ((1.0/DX)+1.0)

MBB1=(ABS (B11)+ABS (B16) ) /DX+ (ABS (B12) +ABS (B16) ) /DY+4.0*D11/DX**2+
+4.0*D12/DY**2+2.0*D16/ (DX*DY)

MBB2= (ABS (B12) +ABS (B26) ) /DX+ (ABS (B22) +ABS (B26) ) /DY+4.0*D12/DX**2+
+4.0%D22/DY**2+2.0*D26/ (DX*DY)

MBB6= (ABS (B16) +ABS (B66) ) /DX+ (ABS (B26) +ABS (B66) ) /DY+4.0*D16/DX**2+
+4.0*D26/DY**2+2.0%D66/ (DX*DY)

BEGINNING OF THE ITERAIONS
DO 160 N=1,NMAX
COMPUTES FICTITIOUS DENSITIES

DO 170 I=0,NEX

DO 170 J=0,NEY

L1=ABS (W(I+1,J)-W(I-1,J))/(2.0*DX**2)

L2=ABS (W(I,J+1)-W(I,J-1))/(2.0*DY**2)
L3=(ABS(W(I+1,J)-W(I-1,J))+ABS(W(I,J+1)-W(I,J-1)))/(2.0*DX*DY)

NB1(I,J)=NBB1+Al11*L1+Al2*L2+Al16*L3
NB2(I,J)=NBB2+A12*L1+A22*L2+A26*L3
NB6(I,J)=NBB6+A16*L1+A26*L2+A66*L3

QB1(I,J)=0QBB1

QB2 (I,J)=0QBB2
MB1(I,J)=MBB1+ABS(B11)*L1+ABS (B12)*L2+ABS (B16)*L3
MB2 (I,J)=MBB2+ABS (B12)*L1+ABS (B22)*L2+ABS (B26) *L3
MB6 (I,J)=NBB6+ABS (B16)*L1+ABS (B26) *L2+ABS (B66) *L3
CONTINUE

DO 171 I=0,NEX
DO 171 J=0,NEY

PNBX1= (NB1 (I+1,J)+NB1(I-1,J))/(2.0*DX)
PNBY6=(NB6 (I, J+L) +NB6(I,J-1))/ (2.0*DY)
PNBX6=(NB6 (I+1,J) +NB6(I-1,J))/ (2.0*DX)
PNBY2=(NB2 (I,J+1)+NB2(I,J-1))/(2.0*DY)
PWSXS= (W (I+1,J)=2.0*W(I,J)+W(I-1,J))/DX**2
PWSYS=(W(I,J+1)-2.0*W(I,J)+W(I,J-1))/DY**2
PWSXYS= (W (I+1,J+1)-W(I-1,J+1)+W(I-1,J-1)-W(I+1,J-1))/(2.0*DX*DY)
PMBX1=(MB1 (I+1,J)+MB1(I-1,JF)/(2.0*DX)

PMBY 6= (MB6 (I, J+1) +MB6 (I,J~1))/(2.0*DY)

PMBX 6= (MB6 (I+1,J) +MB6 (I-1,J))/ (2.0*DX)
PMBY2=(MB2 (I, J+1)+MB2(I,J-1))/(2.0*DY)

RHOU (I, J)=0.25* (PNBX1+PNBY6)

RHOV (I, J)=0.25* (PNBX6+PNBYZ2)

RHOW (I, J)=0.25* (LAMBDA**2* (QB1(I,J)/DX+QB2(I,J)/DY)+(4.0/DY**2)*
+ABS(N2(I,J))+(4.0/DX**2)*ABS (N1(I,J))+(2.0/(DX*DY))*ABS(N6(L,J))+
+NB1(I,J)*ABS (PWSXS)+NB2 (I, J)*ABS (PWSYS)+NB6 (I, J) *ABS (PWSXYS))
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RHOP (I,J)=0.25% (PMBX1+PMBY6+LAMBDA**2*0QB1 (I,J))
RHOS (I,J)=0.25* (PMBX6+PMBY2+LAMBDA**2*QB2 (I,J))
CONTINUE

DO 180 I=0,NEX

DO 180 J=0,NEY

KSU=KU*DT/ (2.0*RHOU(I,J))
KSV=KV*DT/ (2.0*RHOV (I, J))
KSW=KW*DT/ (2.0*RHOW (I,J))
KSP=KP*DT/ (2.0*RHOP (I, J))
KSS=KS*DT/ (2.0*RHOS(I,J))

PNX1=(N1(I+1,J)-N1(I-1,J))/(2.0*DX)
PNY6=(N6(I,J+1)-N6(I,J-1))/(2.0*DY)

PNX6= (N6 (I+1,J)-N6(I-1,J))/(2.0*DX) s
PNY2=(N2(I,J+1)-N2(I,J-1))/(2.0*DY)
PWSX=(W(I+1,J)-2.0*W(I,J)+W(I-1,J))/(DX**2)
PWSXY=(W(I+1,J+1)=W(I+1,J-1)-W(I-1,J+1)+W(I-1,J-1))/(4.0*DX*DY)
PWSY=(W(I,J+1)-2.0*W(I,J)+W(I,J-1))/(DY**2)
PQX1=(0Q1(I+1,J)-Q1(I-1,J))/(2.0*DX)
PQY2=(Q2(I,J+1)-Q2(I,J-1))/(2.0*DY)
PMX1=(M1(I+1,J)-M1(I-1,J))/(2.0*DX)

PMY6= (M6 (I, J+1)-M6(I,J-1))/(2.0*DY)

PMX6= (M6 (I1+1,J)-M6(I-1,J))/(2.0*DX)
PMY2=(M2(I,J+1)-M2(I,J-1))/(2.0*DY)

F1=PNX1+PNY6

F2=PNX6+PNY2
F3=N1(I,J)*PWSX+2.0*N6(I,J)*PWSXY+N2(I,J)*PWSY+LAMBDA**2* (PQX1+
+PQY2) +QL

F4=PMX1+PMY6-LAMBDA**2*Q1 (I, J)

F5=PMX6+PMY2-LAMBDA**2*Q2 (I, J)

UT(I,J)=((1.0-KSU)*UT(I,J)+F1*DT/RHOU(I,J))/(1.0+KSU)
VT(I,J)=((1.0-KSV)*VT(I,J)+F2*DT/RHOV(I,J))/(1.0+KSV)
WT(I,J)=((1.0-KSW)*WT(I,J)+F3*DT/RHOW(I,J))/(1.0+KSW)
PHIT(I,J)=((1.0-KSP)*PHIT(I,J)+F4*DT/RHOP(I,J))/(1.0+KSP)
PSIT(I,J)=((1.0-KSS)*PSIT(I,J)+F5*DT/RHOS(I,J))/(1.0+KSS)
CONTINUE

COMPUTE DISPLAEEMENTS

DO 190 I=0,NEX

DO 190 J=0,NEY
u(1,J)=0(1,J)+UT(I1,J)*DT
V(I,J)=V(I,J)+VT(I,J)*DT
W(I,J)=W(I,J)%WT(I,J)*DT
PHI(I,J)=PHI(I,J)+PHIT(I¢J¥3DT
PSI(I,J)=PSI(I,J)+PSIT(I,J)*DT
CONTINUE

BOUNDARY CONDITIONS FOR DISPLACEMENTS

DO 200 J=0,NEY .
IF(NX1.GT.0) U(0,J)=0.0

IF (NX2.GT.0) U(NEX,J)=0.0

IF (NXY1.GT.0) V(0,J)=0.0
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IF(NXY2.GT.0) V(NEX,J)=0.0
IF(QX1.GT.0) W(0,J)=0.0
IF(QX2.GT.0) W(NEX,J)=0.0
IF(MX1.GT.0) PHI(0,J)=0.0
IF(MX2.GT.0) PHI(NEX,J)=0.0
IF(MXY1.GT.0) PSI(0,J)=0.0
IF(MXY2.GT.0) PSI(NEX,J)=0.0
200 CONTINUE

DO 201 I=0,NEX
IF(NY1.GT.0) V(I,0)=0.0
IF(NY2.GT.0) V(I,NEY)=0.0
IF(NYX1.GT.0) U(I,0)=0.0
IF(NYX2.GT.0) U(I,NEY)=0.0
IF(QY1.GT.0) W(I,0)=0.0
IF(QY2.GT.0) W(I,NEY)=0.0
IF(MY1.GT.0) PSI(I,0)=0.0
IF(MY2.GT.0) PSI(I,NEY)=0.0
IF(MYX1.GT.0) PHI(I,0)=0.0
IF(MYX2.GT.0) PHI(I,NEY)=0.0
201 CONTINUE

C*** FICTITIOUS VALUES FOR DISPLACEMENTS

DO 210 J=0,NEY

U(-1,J)=3.0*%0(0,J)-3.0*0(1,J)+0(2,J)

U(NEX+1,J)=3.0*U(NEX,J)-3.0*U(NEX-1,J)+U(NEX-2,J)

V(-1,J)=3.0*V(0,J)-3.0*V(1,J)+V(2,J) ¥

V(NEX+1,J)=3.0*V(NEX,J)-3.0*V(NEX-1,J)+V(NEX-2, J)

W(-1,J)=3.0*W(0,J)-3.0*W(1,J)+W(2,J)

W(NEX+1,J)=3.0*W(NEX, J)-3.0*W(NEX-1,J)+W(NEX-2, J)

PHI(-1,J)=3.0*PHI(0,J)-3.0*PHI(1,J)+PHI(2,J)

PHI (NEX+1, J)=3.0*PHI (NEX, J)-3.0*PHI (NEX-1,J) +PHI (NEX-2, J)

PSI(-1,d)=3.0*PSI {0, J)=3.0*PSI(1,d)+PSI(2,J)

PSI (NEX+1,J)=3.0*PSI(NEX,J)-3.0*PSI (NEX-1,J)+PSI (NEX-2,J)
210 CONTINUE

DO 211 I=0,NEX
U(I,-1)=3.0*U(I,0)=-3.0*U(I,1)+U(I,2)
U(I,NEY+1)=3.0*U(I,NEY)-3.0*U(I,NEY-1)+U(I,NEY-2)
V(I,-1)=3.0*V(I,0)-3.0*V(I,1)+V(I,2)
V(I,NEY+1)=3 0*V(I, NEY)-3.0*V(I,NEY-1)+V(I,NEY-2)
W(I,-1)=30*W(I,0)=-3.0*W(I,1)+W(I,2)
W(I,NEY+1)=3.0*W(I,NEY)=-3.0*W(I,NEY-1)+W(I,NEY-2)
PHI(I,-1)=3.0*PHI(I,0)-3.0*PHI(I,1)+PHI(I,2)
PHI(I,NEY+1)=3.0*PHI(I,NEY)-3.0*PHI(I,NEY-1)+PHI(I,NEY-2)
PSI(I,-1)=3.0*PSI(I,0)-3.0%PSI(I,1)+PSI(I,2)
PSI(I,NBY+1)=3.0*PSI(I,NEY)}~3.0*PSI(I,NEY-1)+PSI(I,NEY-2)
211 CONTINUE ’

C*** COMPUTE STRESS RESULTANTS AND STRESS COUPLES

DO.220 I=0,NEX
DO 220 J=0,NEY
PUX=(U(I+1,J)~-U(I-1,J))/(2.0*DX)
PWX=(W(I+1,J)-W(I-1,J))/(2.0*DX)
PVY=(V(I,J+1)-V(I,J-1))/(2.0*DY)
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230

PWY=(W(I,J+1)-W(I,J=-1))/(2.0*DY)
PUY=(U(I,J+1)~U(I,J-1))/(2.0*DY)
PVX=(V(I+1,J)-V(I-1,J))/(2.0*DX)
PPHIX=(PHI(I+1,J)-PHI(I-1,J))/(2.0*DX)
PPSIY=(PSI(I,J+1)-PSI(I,J-1))/(2.0*DY)
PPHIY=(PHI(I,J+1)-PHI(I,J-1))/(2.0*DY)
PPSIX=(PSI(I+1,J)-PSI(I-1,J))/(2.0*DX)

EPSIN1=PUX+0.5*PWX**2
EPSIN2=PVY+0.5*PWY**2
EPSIN4=PWY+PSI(I,J)
EPSINS5=PWX+PHI (I, J)
EPSIN6=PUY+PVX+PWX*PWY
CHIN1=PPHIX
CHIN2=PPSIY
CHIN6=PPHIY+PPSIX

N1(I,J)=Al1*EPSIN1+Al12*EPSIN2+Al6*EPSIN6+B11*CHIN1+B12*CHIN2+
+B16*CHING

N2(I,J)=Al2*EPSIN1+A22*EPSIN2+A26*EPSIN6+B12*CHIN1+B22*CHIN2+
+B26*CHING

N6(I,J)=Al6*EPSIN1+A26*EPSIN2+A66*EPSING6+Bl16*CHIN1+B26*CHIN2+
+B66*CHING

M1(I,J)=Bl1*EPSIN1+B12*EPSIN2+Bl16*EPSIN6+D11*CHIN1+D12*CHINZ2+
+D16*CHING

M2(I,J)=Bl2*EPSIN1+B22*EPSINZ2+B26*EPSIN6+D12*CHIN1+D22*CHINZ2+
+D26*CHING

M6(I,J)=Bl6*EPSIN1+B26*EPSIN2+B66*EPSIN6+D16*CHIN1+D26*CHINZ+
+D66*CHING

Q1(I,J)=A45*EPSIN4+A55*EPSINS

Q2(I,J)=AR44*EPSIN4+A45*EPSINS

CONTINUE

BOUNDARY CONDITIONS FOR STRESS RESULTANTS AND STRESS* COUPLES

DO 230 J=0,NEY

IF (NX1.EQ.0) N1(0,J)=0.0

IF (NX2.EQ.0) N1 (NEX,J)=0.0
IF (NXY1.EQ.0) N6(0,J)=0.0
IF (NXY2.EQ.0) N6 (NEX,J)=0.0
IF(QX1.EQ.0) Q1(0,J)=0.0
IF(QX2.EQ.0) Q1 (NEX,J)=0.0
IF(MX1.EQ.0) M1(0,J)=0.0
IF(MX2.EQ.0) M1 (NEX,J)=0.0
IF(MXY1.EQ.0) M6(0,J)=0.0
IF (MXY2.EQ.0) M6 (NEX,J)=0.0
CONTINUE

2
DO 231 I=0,NEX  m
IF(NY1.EQ.0) N2(I,0)=0.0
IF(NY2.EQ.0) N2(I,NEY)=0.0
IF (NYX1.EQ.0) N6(I,0)=0.0
IF(NYX2.EQ.0) N6(I,NEY)=0.0
IF(QY1.EQ.0) Q2(I,0)=0.0
IF(QY2.EQ.0) Q2(I,NEY)=0
IF(MY1.EQ.0) M2(I,0)=0.0
0

.0
IF(MY2.EQ.0) M2(I,NEY)=0.0
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241

C***

C***

IF(MYX1.EQ.0) M6(I,0)=0.0
IF(MYX2.EQ.0) M6(I,NEY)=0.0 s
CONTINUE ‘

FICTITIOUS VALUES FOR STRESS RESULTANTS AND COUPLES

DO 240 J=0,NEY
N1(-1,J)=3.0*N1(0,J)-3.0*N1(1,J)+N1(2,J)

N1 (NEX+1,J)=3.0*N1(NEX, J)-3.0*N1 (NEX-1, J)+N1(NEX-2,J)
N2(-1,J)=3.0*%*N2(0,J)-3.0*N2(1,J)+N2(2,J)

N2 (NEX+1,J)=3.0*N2 (NEX, J)-3.0*N2 (NEX-1, J)} +N2 (NEX-2, J)
N6(-1,J)=3.0*N6(0,J)-3.0*N6(1,J)+N6(2,J)

N6 (NEX+1,J)=3.0*N6 (NEX,J)-3.0*N6 (NEX-1, J) +N6é6 (NEX-2, J)
Q1(-1,J)=3.0*Q1(0,J)-3.0*Q1(1,J)+01(2,J)

Q1 (NEX+1,J)=3.0*Q1 (NEX, J)~-3.0*Q1 (NEX-1,J) +Q1 (NEX-2, J)
Q2(-1,J)=3.0*Q2(0,J)-3.0*02(1,J)+Q2(2,J)

Q2 (NEX+1,J)=3.0*Q2 (NEX, J)-3.0*Q2 (NEX-1, J) +Q2 (NEX-2, J)
M1(-1,J)=3.0*M1(0,J)-3.0*M1(1,J)+M1(2,J)

M1 (NEX+1, J)=3.0*M1 (NEX,J)-3.0*M1 (NEX-1,J) +M1 (NEX-2, J)
M2(-1,J)=3.0*M2(0,J)-3.0*M2(1,J)+M2(2,J)

M2 (NEX+1,J)=3.0*M2 (NEX, J) -3.0*M2 (NEX-1, J) +M2 (NEX-2, J)
M6(-1,J)=3.0*M6(0,J)-3.0*M6(1,J)+M6(2,J)

M6 (NEX+1, J)=3.0*M6 (NEX, J)~-3.0*M6 (NEX-1,J) +M6 (NEX-2, J)
CONTINUE

DO 241 I=0,NEX
N1(I,-1)=3.0*N1(I,0)-3.0*N1(I,1)+N1(I,2)
N1(I,NEY+1)=3.0*N1(I,NEY)-3.0*N1(I,NEY-1)+N1(I,NEY-2)
N2(I,-1)=3.0*N2(I,0)-3.0*N2(L,1)+N2(I,2)

N2 (I,NEY+1)=3.0*N2(I,NEY)-3.0*N2(I,NEY-1)+N2(I,NEY-2)
N6(I,-1)=3.0*N6(I,0)-3.0*N6(I,1)+N6(I,2)
N6(I,NEY+1)=3.0*N6(I,NEY)-3.0*N6(I,NEY-1)+N6(I,NEY-2)
01.(1,=1)=3.0%Q1 (1,0)=3. 0*QL{IT,L)+0OL (I.2)
Q1(I,NEY+1)=3.0*Q1(I,NEY)-3.0*Q1(I,NEY-1)+Q1(I,NEY-2)
Q2(1,-1)=3.0*Q2(1,0)-3.0*Q2(I,1)+Q2(1,2)
Q2(I,NEY+1)=3.0*Q2(I,NEY)-3.0*Q2(I,NEY-1)+Q2(I,NEY-2)
M1(I,-1)=3.0*M1(I,0)-3.0*M1(I,1)+M1(I,2)
M1(I,NEY+1)=3.0*M1(I,NEY)-3.0*M1(I,NEY-1)+M1(I,NEY-2)
M2(I,-1)=3.0*M2(1,0)-3.0*M2(I,1)+M2(I,2)

M2 (I,NEY+1)=3.0*M2(I,NEY)-3.0*M2(I,NEY-1)+M2(I,NEY-2)
M6(I,-1)=3.0*M6(I,0)-3.0*M6(I,1)+M6(I,2)

M6 (I,NEY+1)=3.0*M6 (I,NEY)-3.0*M6(I,NEY-1)+M6 (I, NEY-2)
CONTINUE

CHECK INSTABILITY

NL=0 ’
IF (ABS (W(NEX/2,NEY/2)) .GT.}0.0) THEN
NL=1 "

GO TO 250

ENDIF

CONVERGENCE CRITERION
LL=0

DO 260 I=1,NEX-1
DO 260 J=1,NEY-1
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160

270

280

250

IF(UT(T,J).GT.0.00000l) LL=LL+1
IF(VT(I,J).GT.0.00000l) LL=LL+1
IF(WT(I,J).GT.0.00000l) LL=LL+1
IF(PHTT(I,J).GT.0.00000I) LL=LL+1
IF(PSIT(I,J).GT.0.00000I) LL=LL+1
CONTINUE

IF(LL.GT.0) THEN
GO TO 160

ELSE

GO TO 270

ENDIF

CONTINUE

WRITE(6,*) 'NUMBER OF ITERATIONS='

WRITE(6,10)

Do 280 I=0,NEX/2

WRITE (6,15) (W(I,J),J=O,NEY/2)
CONTINUE

IF(NL.EQ.1) WRITE (6, *) 'NUMERICAL
STOP
END

N

INSTABILITY IS EXPERIENCED'




