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COMMON/PLAST1/IYIEL(400)
COMMON/FDER1/FJ,FK,FS(3,3),FE(3,3),FZ(3,3)
C0MM0N/MATER1/DEP(6,6)
C0MM0N/ELPLD1/DEPM(3,3,3,3),ALAM(3,3),AMU(3,3)
COMMON/INPUT8/NN0DES, NELEM, NNDF, NLINC, MNIT, IFLAG 1, IFLAG2, IDIM,
1 NINODE
COMMON/INPUT5/NUXC 10) ,NUY(10),NUZ(10),EX(10),EY(10),EZ(10),P1X(10) 

1 ,P1Y(10),P1Z(10),P2X(10),P2Y(10),P2Z(10)
COMMON/INPUTJ/P3X(10),P4X(10)
COMMON/GDER1/GS(3,3),GPHI(3,3)
COMMON/DEPBA1/DEPMB(6,6)
DIMENSION SO(3,3),C(3,3),Z(3,3),RR(3,3),E(3,3),DEL(3,3),ED(3,3),
1 ED0T(3,3),SF(3,3),ED0TEL(3,3),ED0TPL(3,3),DELAS(6),
2 STRESS(6),STRAIN(6),CENTER(6),STRELA(6),DE(6),SDOT(3,3) 
DIMENSION PHI(6),DAMVAR(3,3),ABET(3,3)
EQUIVALENCE (CSTRS,STRESS),(CSTRN,STRAIN),(CCENT,CENTER),
1 (CSELA,STRELA),(CWORK.WORK)

C
DATA ((DEL(K1,K2),K1=1,3),K2=1,3)/1.,0.,0.,0.,1.,0.,0 .,0.,1./

C
C ==================== E N T R Y  M I D A M 2  =====================
C

ENTRY MIDAM2(ELNUM,ITYPE.MATNUM,INTGPN,IFLAG,IOUT,IEND)
C

IT = 0 
FACTOR = 1.
TOL = -0.1 
FACSUM = 0.

C
IF (INCREM.GT.1) THEN

READ(LDEV1 , 1000) CSTRS,CSTRN,CSELA,CCENT,CWORK.IYIELD
ELSE

DO 10 K1 = 1 , IEND 
STRAINC K1 ) = 0.
STRESS( K1 ) = 0.
CENTER( K1 ) = 0.
STRELAC K 1 ) = 0.

10 PHI( K1 ) =0.
WORK = 0 .
ABETA = 0.

END IF
C
C —  - CALCULATION OF THE STRAIN INCREMENT 
C

DO 20 K1 = 1 , IEND 
20 DE( K1 ) = STRN( K1 ) - STRAINC K1 )

C
C  CALCULATION OF THE USEFULL TENSORS
C

CALL TENSORCITYPE,STRESS,SO,1.)
CALL TENSORCITYPE,STRAIN,E,0.5)
CALL TENSORCITYPE.DE,ED,0.5)
CALL TENS0R(ITYPE,C£NTER,Z,1.)
CALL TENSORCITYPE,PHI,DAMVAR.l.)

C
C  GET THE MATERIAL PARAMETERS
C

C2 = P1X( MATNUM )
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C3 = P1Y( MATNUM )
SY = P1Z( MATNUM )
DAMA = P3X(MATNUM)
C4 = P4X(MATNUM)
BETA = P2X( MATNUM )
YOUNG = EX( MATNUM )
POISS = NUX( MATNUM )

CALCULATION OF THE FOURTH ORDER ELASTIC STIFFNESS MATRIX

CALL ADMATCYOUNG,POISS)
CALL ADMINV(YOUNG,POISS)
CALL JIJKL(DAMA)
DO 50 K1 = 1 , 3
DO 50 K2 = 1 , 3
C(K1 , K2) = 2.*E(K1 , K2) + DEL(K1 , K2)
CST = 0.
DO 40 K3 = 1 , 3
DO 40 K4 = 1 , 3
CST = CST + AD(K1 , K2 , K3 , K4)*ED(K3 , K4)
SDOTCK1 , K2) = CST
CALCULATION OF THE JACOBIAN OF DEFORMATION
CALL DEFJAC(E,DEL,RR,DJAC)
START OF THE INCREMENTATION LOOP 
CALCULATION OF THE TRIAL ELASTIC STRESS
DO 35 K2 = 1 , 3
DO 35 K1 = 1 , 3
SF(K1 , K2) = S0(K1 K2) + SD0T(K1 , K2)

CALCULATION OF THE YIELD FUNCTION FOR THE TRIAL ELASTIC STRESS
CALL YIELD(SF,C,Z,W0RK,DJAC,C2,C3,SY,F,F1,F2)

IF (F.LE.O.) THEN
FACSUM = FACSUM + FACTOR 
DO 60 XI = 1 , IEND
STRELA( K1 ) = STRELAC K1 ) + DE( K1 )*FACTOR
DO 65 X2 = 1 , 3
DO 65 Kl = 1 , 3
E(K1 , K2) = E(K1 , K2) + ED0T(K1 , K2)
C(K1 , K2) = 2.*E(K1 , K2) + DEL(K1 , K2)
S0(K1 , K2) = SF(K1 , K2)
IYIELD = 1 '

ELSE IF(F.GT.O.) THEN
IF(FACTOR.EQ.1.) THEN 

FACTOR = 1.0D-2

DO 68 K1 = 1 , 3 
DO 68 K2 = 1 , 3
SDOT(K2 , Kl) = FACT0R*SD0T(K2 , Kl)
ED0T(K2 , Kl) = FACTOR*ED(K2 , Kl)
GO TO 34 

END IF
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CALL YIELD(SO,C,Z,WORK,DJAC,C2,C3,SY,FO,F1,F2)
CALL GFUNC(SO,PHI,ABETA,GG)
IF (ELNUM.EQ.320.AND.INTGPN.EQ.4.AND.FACSUM.GT.0.9) THEN 
WRITE(6 , *) 'F0= ',FO,INCREM,NIT,DJAC 
END IF

FACSUM = FACSUM + FACTOR

CALL FDER(S0,C,Z,DJAC,F1,F2,C2,C3)
CALL GDER(SO.PHI)
CALL ELPLD(SO,Z,RR,DJAC,BETA,DEN,1)
CALL DEPBARCSO,PHI,IFLAG,ITYPE)
ALAMDA = 0.
AMUDOT = 0.
ABETA = 0.
DBBET=1.0 
CST1=0.0 
DO 69 Kl=l,3 
DO 69 K2=l,3
CST1=CST1+GPHI(Kl,K2)*GS(K1,K2)
CONTINUE 
DO 66 K3-l,3 
DO 66 K4=l,3

DO 66 Kl=l,3 
DO 66 K2=l,3 
ABET(K3,K4)=ABET(K3,K4)

+(GS(K1,K2)*DEPM(K1,K2,K3,K4))/(DBBET-CST1)
CONTINUE
DO 70 K2 = 1 , 3 
DO 70 Kl = 1 , 3
AMUDOT = AMUDOT + AMU(K1 , K2)*ED0T(K1 , K2)
ALAMDA = ALAMDA + ALAM(K1 , K2)*ED0T(K1 , K2)
ABETA = ABETA + ABET(K1 , K2)*ED0T(K1 , K2)

DO 80 K2 = 1 , 3
DO 80 Kl = 1 , 3
E(K1 , K2) = E(K1 , K2) + ED0T(K1 , K2)
C(K1 , K2) = 2.*E(K1 , K2) + DEL(K1 , K2)
ED0TPL(K1 , K2) = ALAMDA*FS(K1 , K2)
ED0TEL(K1 , K2) = ED0T(K1 , K2) - ED0TPL(K1 , K2)
Z(K1 , K2 ) = Z(K1,K2) + (SO(K1,K2)-Z(K1;K2))*AMUDOT 
DAMVAR(K1,K2)=ABETA*GS(K1,K2)
DO 100 K2 = 1 , 3
DO 100 Kl = 1 , 3
CST = 0.
DO 90 K4 = 1 , 3
DO 90 K3 = 1 , 3
CST = CST + AD(K1 , K2 , K3 , K4)*ED0TEL(K3 , K4)
WORK = WORK + (S0(K1,K2) + 0.5*CST)*ED0TPL(K1,K2)/DJAC 
S0(K1 , K2) = S0(K1 , K2) + CST

CALL VECTOR(ITYPE,EDOTEL,DELAS,2.)
DO 110 Kl = 1 , IEND
STRELA( Kl ) = STRELA( Kl ) + DELAS( Kl )
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IYIELD = 'Y'
END IF
IF (FACSUM.LT.1.) GO TO 34

C
C DEFINE THE 'IYIEL' VECTOR FOR FUTURE PLOTTING
C
115 IF (IYIELD.EQ.'Y') THEN

ITEMP = IBSET(IYIEL( ELNUM ) , INTGPN)
IYIEL( ELNUM ) = ITEMP

ELSE
ITEMP = IBCLR(IYIEL( ELNUM ) , INTGPN)
IYIEL( ELNUM ) = ITEMP 

END IF
C

DO 120 Kl = 1 , IEND 
120 STRAIN( Kl ) = STRN( Kl )

C
CALL VECTOR(ITYPE,SO,STRS.l.)
CALL VECTOR(ITYPE,SO,STRESS,1.)
CALL VECTOR(ITYPE,Z,CENTER,1.)
CALL VECTOR(ITYPE,DAMVAR,PHI,1.)
WRITE(LDEV2 , 1000) CSTRS,CSTRN,CSELA,CCENT,CWORK,IYIELD

C
RETURN

C
C ================= E N T R Y  M I D A M 1  =======================
C

ENTRY MIDAM1(ELNUM,ITYPE.MATNUM,INTGPN,IFLAG,IOUT,IEND)
C
C

IYIELD = ' ’
IF (INCREM.GT.1) THEN 

IF (NIT.EQ.l) THEN
READ(LDEV1 , 1000) CSTRS,CSTRN,CSELA,CCENT,CWORK,IYIELD

ELSE
READ(LDEV2 , 1000) CSTRS,CSTRN,CSELA,CCENT,CWORK,IYIELD 

END IF
BACKSPACE(UNIT=LDEV)

END IF
C

IF (IYIELD.EQ.'Y') THEN
C
C   CALCULATION OF THE USEFULL MATRICES
C

CALL TENSOR(ITYPE,STRESS,SO,1.)
CALL TENSOR(ITYPE,STRAIN,E,0.5)
CALL TENSOR(ITYPE,CENTER,Z,1.)
CALL TENSOR(ITYPE,PHI,DAMVAR,1.)
DO 200 Kl = 1 , 3 
DO 200 K2 = 1 , 3 

200 C(K1 , K2) = 2.*E(K1 , K2) + DEL(K1 , K2)
C
C -—  GET THE MATERIAL PARAMETERS 
C

C2 = P1X( MATNUM )
C3 = P1Y( MATNUM )
SY = P1Z( MATNUM )
DAMA = P3X(MATNUM)



C4 = P4X(MATNUM)
BETA = P2X( MATNUM )
YOUNG = EX( MATNUM )
POISS = NUX( MATNUM )

C
C —  CALCULATION OF THE FOURTH ORDER ELASTIC STIFFNESS MATRIX 
C

CALL ADMAT(YOUNG,POISS)
CALL ADMINV(YOUNG,POISS)
CALL JIJKL(DAMA)

C
C —  CALCULATION OF THE JACOBIAN OF DEFORMATION 
C

CALL DEFJAC(E ,DEL,RR,DJAC)
C
C — - CALCULATION OF THE YIELD AND DAMAGE FUNCTIONS 
C

CALL YIELD(SO,C,Z,WORK,DJAC,C2,C3,SY,F,FI,F2)
CALL GFUNC(S0,PHI,C4,ABETA,GG)

C
C —  CALCULATION OF THE PARTIAL DERIVATIVE OF THE YIELD FUNCTION 
C —  F WITH RESPECT TO THE <STRESS>,<STRAIN>, THE JACOBIAN.
C

CALL FDER(S0,C,Z,DJAC,F1,F2,C2,C3)
CALL GDER(SO,PHI)

C
C —  CALCULATION OF THE ELASTOPLASTIC STIFFNESS MATRIX 
C

CALL ELPLDfSO,Z,RR,DJAC,BETA,DEN,0)
CALL AMIJK(PHI)
CALL AMINV(PHI)
CALL MDPHI(PHI)
CALL XAIJK(SO.PHI)
CALL DEPBARCSO,PHI,IFLAG,ITYPE)

C
ELSE

CALL DELASTCITYPE,MATNUM,IFLAG)
END IF 
RETURN 

1000 F0RMAT(4A48,A8,A1)
END

C
C
c = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
c ===================== A M I J K ==============================
C  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
c

SUBROUTINE AMIJK(PHI)
C
C THIS SUBPROGRAM CALCULATES THE DAMAGE EFFECT TENSOR M(I,J,K,L)
C

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/AMIJK1/XMIJKL(3,3,3,3)

C
CST1=1.0-PHI(1)
CST2=1.0-PHI(2)
CST3=1.0-PHI(3)
CST4=1.0/DSQRT(CST1*CST2)
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CST5=1.0/DSQRT(CSTl*CST3) 
CST6=1.0/DSQRT(CST2*CST3) 
XMIJKL(1,1,1,1)=1.0/CST1 J 
XMIJKL(2,2,2,2)=1.0/CST2 
XHIJKL(3,3,3,3)=1.0/CST3 
XMIJKL(1,2,1,2)=CST4 
XMIJKL(2,1,2,1)=CST4 
XMIJKL(1,3,1,3)=CST5 
XMIJKL(3,1,3,1)=CST5 
XMIJKL(2»3,2,3)=CST6 
XMIJKL(3,2,3,2)=CST6 
XMIJKL(1,2,2,1)=CST4 
XMIJKL(2,1,1,2)=CST4 
XMIJKL(1,3,3,1)=CST5 
XMIJKL(3,1,1,3)=CST5 
XMIJKL(2,3,3,2)=CST6 
XMIJKL(3,2,2,3)=CST6 
RETURN 
END

SUBROUTINE AMINV(PHI)
THIS SUBPROGRAM CALCULATES THE INVERSE TRANSPOSE OF M(I,J,K,L)

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/AMIJK1/XMIJKL(3,3,3,3)
COMMON/AMINVl/XMTINV(3,3,3,3)
DO 10 Kl=l,3 
DO 10 K2=l,3 
DO 10 K3=l,3 
DO 10 K4=l,3
IF(XMIJKL(K1,K2,K3,K4)) 1,10,1 

1 XMTINV(K1,K2,K3 ,K4)=1.0/XMIJKL(Kl,K2,K3,K4)
10 CONTINUE 

RETURN 
END

M D P H I

SUBROUTINE MDPHI(PHI)

THIS SUBPROGRAM CALCULATES THE SIXTH ORDER TENSOR
DM(I,J,K,L)/DPHI(M,N)

IMPLICIT REAL*8 (A-H.O-Z)
C0MM0N/MDPHI1/XMPHI(3,3,3,3,3,3)

CST1=1.0-PHIC1)
CST2=1.0-PHI(2)
CST3=1.0-PHI(3)
CST4=3.0*(CST1*CST2)**1.5
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CST5=3.0*(CST1*CST3)**1.5 
CST6=3.0*(CST2*CST3)**1.5 
CST12=2.0*CST1/CST4 
CST21=2.0*CST2/CST4 
CST13=2.0*CST1/CST5 
CST31=2.0*CST3/CST5 
CST23=2.0*CST2/CST6 
CST32=2.0*CST3/CST6 
XMPHI(1,1,1,1,1,1)=1.0/CSTl**2.0 
XMPHI(2,2,2,2,2,2)=1.0/CST2**2.0 
XMPHI(3,3,3,3,3,3)=1.0/CST3**2.0 
XMPHI(1,2,1,2,1,2)=CST12 
XMPHI(2,1,2,1,2,1)=CST21 
XMPHI(1,2,2,2,2,1)=CST12 
XMPHI(1,1,2,2,1,1)=CST12 
XMPHI(1,2,1,1,2,1)=CST12 
XMPHI(2,2,1,1,2,2)=CST21 
XMPHI(2,1,1,1,1,2)=CST21 
XMPHI(2,1,2,2,1,2)=CST21 
XMPHI(1,3,1,3,1,3)=CST13 
XMPHI(3,1,3,1,3,1)=CST31 
XMPHI(1,3,3,3,3,1)=CST13 
XMPHI(1,1,3,3,1,1)=CST13 
XMPHI(1,3,1,1,3,1)=CST13 
XMPHI(3,3,1,1,3,3)=CST31 
XMPHI(3,1,1,1,1,3)=CST31 
XMPHI(3,1,3,3,1,3)=CST31 
XMPHI(2,3,2,3,2,3)=CST23 
XMPHI(3,2,3,2,3,2)=CST32 
XMPHI(2,3,3,3,3,2)=CST23 
XMPHI(2,2,3,3,2,2)=CST23 
XMPHI(2,3,2,2,3,2)=CST23 
XMPHI(3,3,2,2,3,3)=CST32 
XMPHI(3,2,2,2,2,3)=CST32 
XMPHI(3,2,3,3,2,3)=CST32 
RETURN 
END

X A I J K

SUBROUTINE XAIJK(S.PHI)
THIS SUBPROGRAM CALCULATES THE TENSOR A(I,J,K,L) 

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/ELPLDl/DEPM(3,3,3,3),ALAM(3,3),AMU(3,3) 
COMMON/ADMINV1/ADINV(3,3,3,3)
COMMON/AMIJK1/XMIJKL(3,3,3,3)
COMMON/AMINV1/XMTINV(3,3,3,3)
COMMON/MDPHI1/XMPHI(3,3,3,3,3,3)
COMMON/GDER1/GS(3,3),GPHI(3,3)
COMMON/XAIJK1/AIJKL(3,3,3,3)
DIMENSION CST1(3,3,3,3),CST2(3,3,3,3,3,3),CST3(3,3) 
DIMENSION CST4(3,3),CST5(3,3,3,3),CST6(3,3,3,3,3,3) 
DIMENSION CST7(3,3,3,3),CST8(3,3,3,3)
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DIMENSION CSTgCS.S.S.S.S.SJ.CSTlOO.S.S.SJ.CSTllO^.S.S)
C

DO 40 Kl=l,3 
DO 40 K2=l,3 
DO 40 Kll=l,3 
DO 40 K12=l,3

C
DO 50 K9=l,3 
DO 50 K10=l,3
CST1(K1,K2,K11,K12)=CST1(K1,K2,K11,K12)
$ +DEPM(K1,K2,K9,K10)*XMTINV(K11,K12,K9,K10)

50 CONTINUE 
40 CONTINUE

C
DO 60 Kl=l,3 
DO 60 K2=l,3 
DO 60 K13=l,3 
DO 60 K14=l,3 
DO 60 K15=l,3 
DO 60 K16=l,3

C
DO 70 Kll=l,3 
DO 70 K12=l,3
CST2(K1,K2,K13,K14,K15,K16)=CST2(K1,K2,K13,K14,K15,K16)
$ +CST1(K1,K2,K11,K12)*XMPHI(K11,K12,K13,K14,K15,K16)

70 CONTINUE 
60 CONTINUE

C
DO 80 Kl=l,3 
DO 80 K2=l,3

C
DO 80 K3=l,3 
DO 80 K4=l,3
CST3(K1,K2)=CST3(K1,K2)+ADINV(K3JK4,K1,K2)*S(K3,K4)

80 CONTINUE
C

DO 85 K5=l,3 
DO 85 K6=l,3

C
DO 85 Kl=l,3 
DO 85 K2=l,3
CST4(K5,K6)=CST4(K5,K6)+XMTINV(K5,K6,K1,K2)*CST3(K1,K2)

85 CONTINUE
C

DO 65 Kl=l,3 
DO 65 K2=l,3 
DO 65 K3=l,3 
DO 65 K4=l,3
CST5(K1,K2,K3,K4)=CST5(K1,K2,K3,K4)
$ +GS(Kl,K2)*CST4(K3,K4)

65 CONTINUE
C

DO 45 Kl=l,3 
DO 45 K2=l,3 
DO 45 K3=l,3 
DO 45 K4=l,3 
DO 45 K5=l,3 
DO 45 K6=l,3
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CST6(K1,K2,K3,K4,K5,K6)=CST6(K1,K2,K3,K4,K5,K6)
$ +GS(K1,K2)*CST5(K3,K4,K5,K6)

45 CONTINUE
C

DO 25 Kl=l,3 
DO 25 K2=l,3 
DO 25 K3=l,3 
DO 25 K4=l,3

C
DO 15 K5=l,3 
DO 15 K6=l,3 
DO 15 K7=l,3 
DO 15 K8=l,3
CST7(K1,K2,K3,K4)=CST7(K1,K2,K3,K4)
$ +CST2(K1,K2 ,K5,K6,K7,K8)*CST6(K3,K4,K7,K8,K5,K6)

15 CONTINUE 
25 CONTINUE

C
C

DO 11 Kl=l,3 
DO 11 K2=l,3 
DO 11 K3=l,3 
DO 11 K4=l,3
CST8(K1,K2,K3,K4)=CST8(K1,K2,K3,K4)+GS(K1,K2)*GS(K3,K4)

11 CONTINUE
C

DO 12 Kl=l ,3 
DO 12 K2=l ,3 
DO 12 K3=l,3 
DO 12 K4=l,3 
DO 12 K5=l ,3 
DO 12 K6=l,3
CST9(K1,K2,K3,K4,K5,K6)=CST9(K1,K2,K3,K4,K5,K6)
$ +CST8(K1,K2,K3,K4)*S(K5,K6)

12 CONTINUE
C

DO 14 Kl=l,3 
DO 14 K2=l,3 
DO 14 K3=l,3 
DO 14 K4=l,3

C
DO 18 K5=l,3 
DO 18 K6=l,3 
DO 18 K7=l,3 
DO 18 K8=l,3
CST10(K1,K2,K3,K4)=CST10(K1,K2,K3,K4)
$ +XMPHI(K1,K2,K5,K6,K7,K8)*CST9(K3,K4,K7,K8,K5,K6)

18 CONTINUE 
14 CONTINUE

C
C

CST=0.0 
DO 16 1=1,3 
DO 16 J=l,3
CST=CST+GPHI(I,J)*GS(I, J)

16 CONTINUE 
CSTO=ABETA-CST 
DO 17 Kl=l,3
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DO 17 K2=l,3 
DO 17 K3=l,3 
DO 17 K4=l,3
CST11(K1,K2,K3,K4)=CST7(K1,K2,K3,K4)+CST10(K1,K2,K3,K4) 
AIJKL(K1,K2,K3,K4)=XMIJKL(K1,K2,K3,K4)+CST11(K1,K2,K3,K4)/CST0 

17 CONTINUE 
RETURN 
END

SUBROUTINE AIINV(A,N)

THIS SUBPROGRAM CALCULATES THE INVERSE OF THE MATRIX A(I,J) 
OF SIZE N

IMPLICIT REAL*8 (A-H.O-Z)
DIMENSION A(6,6)
DO 1 K=1,N 
CON=A(K,K)
A(K,K)=0.0 
DO 2 J=1,N

2 A(K,J)=A(K,J)/CON 
DO 1 1=1,N 
IF(I.EQ.K) GOTO 1 
CON=A(I,K)
A(I,K)=0.0 
DO 3 J=1,N

3 A(I,J)=A(I,J)-A(I,J)*C0N 
1 CONTINUE
RETURN
END

D E P B A R

SUBROUTINE DEPBAR(S,PHI,IFLAG,ITYPE)

THIS SUBPROGRAM CALCULATES THE MODIFIED ELASTO-PLASTIC STIFFNESS 
MATRIX TO INCLUDE THE EFFECT OF DAHAGE

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/AMINV1/XMTINV(3,3,3,3)
C0MM0N/ELPLD1/DEPM(3,3,3,3),ALAM(3,3),AMU(3,3) 
C0MM0N/XAIJK1/AIJKL(3,3,3,3)
COMMON/DEPBA1/DEPMB(6,6)
DIMENSION CST1(6,6),DEPMIJ(6,6),XMTIJ(6,6),AMIJ(6,6)

IF(ITYPE.GT.300) THEN 
IEND = 6

ELSE
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IEND = 4 
END IF

C
CALL CONVER(DEPM,DEPMIJ,IFLAG,ITYPE)
CALL CONVER(XMTINV,XMTIJ,IFLAG,ITYPE)
CALL CONVER(AIJKL,AMIJ,IFLAG,ITYPE)
CALL AIINVCAMIJ,IEND)

C
DO 10 1=1,IEND 
DO 10 J=1,IEND 
CST1(I,J)=0.0 
DO 10 K=1,IEND
CST1(I,J)=CST1(I,J)+AMIJ(I,K)*DEPMIJ(K,J) 

10 CONTINUE
C

DO 20 1=1,IEND 
DO 20 J=1,IEND 
DEPMB(I,J)=0.0 
DO 20 K=1,IEND
DEPMB(I,J)=DEPMB(I,J)+CST1(I,K)*XMTIJ(K,J) 

20 CONTINUE
C

RETURN
END

J I J K L

SUBROUTINE JIJKL(DAMA)
C
C =========:==!===:====================================================
C I
C l  P R O G R A M :
C I
C I 'JIJKL' CALCULATES THE FOURTH ORDER CONSTANT TENSOR J(I,J,K,L)
C I 
C I
C l  A R G U M E N T  L I S T :
C I
C I DAMA = CONSTANT DAMAGE PARAMETER 
C I
C ==========================================================:
C

IMPLICIT REAL*8 (A-H,0-Z)
COMMON/JIJKL1/XJIJKL(3,3,3,3)

C
FACT = 2.0*(1.0-DAMA)

C
XJIJKLC1 f 1 9 1 t 1) = 1.0
XJIJKLC1 9 1 9 2 9 2) = DAMA
XJIJKLC1 9 1 9 3 9 3) s DAMA
XJIJKL(2 9 2 9 1 9 1) s DAMA
XJIJKL(2 9 2 9 2 9 2) s 1.0
XJIJKLC2 9 2 9 3 9 3) = DAMA
XJIJKLC3 9 3 9 1 9 1) = DAMA
XJIJKL(3 9 3 9 2 9 2) = DAMA
XJIJKL(3 9 3 9 3 9 3) = 1.0
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XJIJKLC1 9 2 t 1 9 2) = FACT
XJIJKL(2 9 1 9 2 9 1) = FACT
XJIJKLC1 f 3 9 1 9 3) s FACT
XJIJKL(3 9 1 9 3 9 1) = FACT
XJIJKL(2 9 3 9 2 9 3) — FACT
XJIJKLC3 9 2 9 3 9 2) = FACT
XJIJKL(1 9 2 9 2 9 1) = FACT
XJIJKLC2 9 1 9 1 9 2) = FACT
XJIJKL(1 9 3 9 3 9 1) = FACT
XJIJKL(3 9 1 9 1 9 3) = FACT
XJIJKL(2 9 3 9 3 9 2) FACT
XJIJKL(3 9 2 9 2 9 3) = FACT
RETURN
END

A D M I N V

SUBROUTINE ADMINV(YOUNG,POISS)
C
C =========================================:===
C I
C l  P R O G R A M :
C I
C I 'ADMINV* CALCULATES THE INVERSE OF E(I,J,K,L) 
C I
C l  A R G U M E N T  L I S T :
C I
C I YOUNG = YOUGS MODULUS
C I POISS = POISSONS RATIO
C I
C =============================================
C

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/ADMINV1/ADINV(3,3,3,3)

C
CONSl= 1.0/YOUNG
CONS 2= -1.0*P0ISS/YOUNG
CONS3= 2.0*(1.0+POISS)/YOUNG

C
ADINV(1 9 1 1 1) = CONS1
ADINV(1 9 1 2 2) = C0NS2
ADINV(1 9 1 3 3) = C0NS2
ADINV(2 9 2 1 1) = C0NS2
ADINV(2 9 2 2 2) CONS1
ADINVC2 9 2 3 3) = C0NS2
ADINV(3 9 3 1 1) = C0NS2
ADINVC3 9 3 2 2) = C0NS2
ADINVC3 9 3 3 3) — CONSl
ADINVC1 9 2 1 2) — C0NS3
ADINV(2 9 1 2 1) = C0NS3
ADINV(1 9 3 1 3) = C0NS3
ADINV(3 9 1 3 1) = C0NS3
ADINV(2 9 3 2 3) = C0NS3
ADINVC3 9 2 3 2) e CONS3
ADINV(1 9 2 2 1) - CONS3
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ADINVC2 , 1 , 1 , 2) C0NS3
ADINVfl , 3 , 3 , 1) = CONS3
ADINV(3 , 1 , 1 . 3) = CONS3
ADINV(2 , 3 , 3 , 2) = CONS3
ADINV(3 , 2 , 2 , 3) = CONS3

C
RETURN
END

G F U N C

SUBROUTINE GFUNCC S,PHI,C4,ABETA,GF)

I
I THIS SUBPROGRAM CALCULATES THE VALUE OF THE DAMAGE FUNCTION G.
I FOR DEFENITION OF THE OTHER TERMS AND MATRICES REFER TO THE
I SUBPROGRAMS "JACOB" AND "MATRIC".
I

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/AMIJK1/XMIJKL(3,3,3,3)
COMMON/JIJKL1/XJIJKL(3,3,3,3)
DIMENSION S(3,3)
DIMENSION CST1(3,3,3,3),CST2(3,3),CST3(3,3)

C
DO 10 Kl * 1 , 3
DO 10 K2 = 1 , 3
DO 10 K3 = 1 , 3
DO 10 K4 = 1 , 3

C
DO 10 K5 = 1 , 3
DO 10 K6 = 1 , 3
CST1(K1,K2,K3,K4)= CST1CK1,K2,K3,K4)
$ +XJIJKL(K5,K6,K1,K2)*XMIJKL(K5,K6,R3,K4)

10 CONTINUE
C

DO 20 Kl = 1 , 3
DO 20 K2 = 1 , 3

C
DO 20 K3 - 1 , 3
DO 20 K4 = 1 , 3
CST2CK1,K2)= CST2CK1,K2)+CST1(K1,K2,K3,K4)*S(K3,K4)

20 CONTINUE
C

DO 30 K7 = 1 , 3
DO 30 K8 = 1 , 3

C
DO 30 Kl = 1 , 3
DO 30 K2 = 1 , 3
CST3(K7,K8)= CST3(K7,K8)+CST2(K1,K2)*XMIJKL(K1,K2,K7,K8) 

30 CONTINUE
C

CST4=0.0
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DO 40 K7 = 1 , 3 
DO 40 K8 = 1 , 3 
CST4= CST4+CST3(K7,K8)*S(K7,K8) 

40 CONTINUE
GF=0.5*CST4 - C4*ABETA

C
RETURN
END

G D E R

SUBROUTINE GDER(S.PHI)
C
C =============================================================
C I
C I THIS PROGRAM CALCULATES THE DERIVATIVE OF "G" WRT
C I <STRESS>, <STRAIN>, JACOBIAN, DAMAGE, AND PLASTIC WORK
C I 
C I
C l  GS = DERIVATIVE OF F WRT <STRESS>
C I GPHI = DERIVATIVE OF F WRT WK
C I
C I FOR THE DEFENITION OF G REFER TO THE
C I SUBPROGTAM "GFUNC".
C I
C =============================================================
C

IMPLICIT REAL*8 (A-H.O-Z)
COMMON/GDER1/GS(3,3),GPHI(3,3)
COMMON/AMIJK1/XMIJKL(3,3,3,3)
COMMON/JIJKL1/XJIJKL(3,3,3,3)
COMMON/MDPHI1/XMPHI(3,3,3,3,3,3)
DIMENSION S(3,3)
DIMENSION CST1(3,3,3,3,3,3),CST2(3,3,3,3)
DIMENSION CST3(3,3,3,3),CST4(3,3,3,3),CST5(3,3)

C
DO 10 Kl = 1 , 3
DO 10 K2 = 1 , 3
DO 10 K3 = 1 , 3
DO 10 K4 = 1 , 3
DO 10 K5 = 1 , 3
DO 10 K6 = 1 , 3

C
DO 10 K7 = 1 , 3
DO 10 K8 = 1 , 3
CST1(K1,K2,K3,K4,K5,K6)= CST1(K1,K2,K3,K4,K5,K6)
$ +XJIJKL(K7,K8,K1,K2)*XMPHI(K7,K8,K3,K4,K5 ,K6)

10 CONTINUE
DO 20 Kl = 1 , 3
DO 20 K2 = 1 , 3
DO 20 K5 = 1 , 3
DO 20 K6 = 1 , 3

C
DO 20 K3 = 1 , 3
DO 20 K4 = 1 , 3



CST2(K1,K2,K5,K6)= CST2(K1,K2,K5,K6)
$ +CST1(K1,K2,K3,K4,K5,K6)*S(K3,K4)

20 CONTINUE
DO 30 K5 = 1 , 3
DO 30 K6 = 1 , 3
DO 30 K9 = 1 , 3
DO 30 K10= 1 , 3

C
DO 30 Kl = 1 , 3
DO 30 K2 = 1 , 3
CST3(K5,K6 ,K9,K10)= CST3(K5,K6,K9,K10)

$ +CST2(K1,K2,K5,K6)*XMIJKL(K1,K2,K9,K10)
30 CONTINUE

DO 40 K5 = 1 , 3
DO 40 K6 = 1 , 3

C
DO 40 K9 = 1 , 3  
DO 40 K10= 1 , 3
GPHI(K5,K6)=GPHI(K5,K6)+CST3(K5,K6,K9,K10)*S(K9,K10)

40 CONTINUE
C
C

DO 50 Kl = 1 , 3
DO 50 K2 = 1 , 3
DO 50 K3 = 1 , 3
DO 50 K4 = 1 , 3

C
DO 50 K5 = 1 , 3
DO 50 K6 = 1 , 3
CST4(K1,K2,K3,K4)= CST4(K1,K2,K3,K4)
§ +XJIJKL(K1,K2,K5,K6)*XMIJKL(K5,K6,K3,K4)

50 CONTINUE
DO 60 Kl = 1 , 3
DO 60 K2 = 1 , 3

C
DO 60 K3 = 1 , 3
DO 60 K4 = 1 , 3
CST5(K1,K2)=CST5(K1,K2)+CST4(K1,K2,K3,K4)*S(K3,K4)

60 CONTINUE
DO 70 K7 = 1 , 3
DO 70 K8 = 1 , 3

C
DO 70 Kl = 1 , 3
DO 70 K2 = 1 , 3
GS(K7,K8)=GS(K7,K8)+CST5(K1,K2)*XMIJKL(K1,K2,K7,K8)

70 CONTINUE
C

RETURN
END

C

C ==============================================================
C

SUBROUTINE TENSORCITYPE,VECT,TENS,FACT)
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C I THIS PROGRAM CALCULATES MATRICES WHICH ARE COMMON IN
C I MOST OF THE SUBROUTINES THAT CONSTITUTE THE PLASTICITY
C I FORMULATIONS.
C I
C I VECTC I ) = VECTOR TO BE CONVERTED TO A TENSOR
C I TENS(I , J) = TENSOR EQUIVALENT OF VECTCI)
C I
C  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = :
C

REAL*8 VECT.TENS 
DIMENSION VECT(6),TENS(3,3)

C
TENSCI , 1) = VECTC 1 )
TENSC2 , 2) = VECTC 2 )

C
IF CITYPE.LT.300) THEN

TENSC3 f 3) - VECTC 4 )
TENSCI 9 2) = VECTC 3 )*FACT
TENSC2 9 1) = TENSCI , 2)
TENSCI 9 3) = 0.
TENSC3 9 1) = 0.
TENSC2 9 3) = 0.
TENSC3 9 2) 0.

TENSC3 9 3) = VECTC 3 )
TENSCI 9 2) VECTC 4 )*FACT
TENSC2 9 1) = TENSCI , 2)
TENSCI 9 3) = VECTC 6 )*FACT
TENSC3 9 1) = TENSCI , 3)
TENSC2 9 3) = VECTC 5 )*FACT
TENSC3 9 2) = TENSC2 , 3)

END IF
C

RETURN
END

V E C T O R

SUBROUTINE VECTOR(ITYPE,TENS,VECT,FACT)
C
C = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = :
C I
C I THIS PROGRAM CALCULATES MATRICES WHICH ARE COMMON IN
C I MOST OF THE SUBROUTINES THAT CONSTITUTE THE PLASTICITY
C I FORMULATIONS.
C I
C I TENSCI , J) = TENSOR TO BE CONVERTED TO A VECTOR
C I VECTC I ) = VECTOR EQUIVALENT OT TENSCI , J)
C I

C
REAL*8 VECT.TENS 
DIMENSION VECTC6),TENSC3,3)

C
VECTC 1 ) = TENSCI , 1)
VECTC 2 ) = TENSC2 , 2)



U
O
O
U
O
 

O
O
U
O
O
O
U
O
C
J
U
C
J
U
C
J
O
U
 

u
u
u
u

131

IF (ITYPE.LT.300) THEN
VECT( 4 ) = TENS(3 , 3)
VECT( 3 ) = TENS(1 , 2)*FACT
VECT( 3 ) = TENS(3 , 3)
VECT( 4 ) = TENS(1 „ 2)*FACT
VECT( 6 ) = TENS(1 , 3)*FACT
VECT( 5 ) = TENS(2 , 3)*FACT

END IF
C

RETURN
END

SUBROUTINE ADMAT(YOUNG,POISS)

I I
I P R O G R A M : I
I I
I 'ADMAT' CALCULATES THE FOURTH ORDER ELASTIC STRESS-STRAIN I
I TENSOR. I
I I
I A R G U M E N T  L I S T : I
I I
I YOUNG = YOUGS MODULUS I
I POISS = POISSONS RATIO I
I I

IMPLICIT REAL*8 (A-H.O-Z)
C0MM0N/ADMAT1/AD(3,3,3,3)

--- ALAM = THE LAMDA LAME CONSTANT
—  AMUE = THE MU LAME CONSTANT (THE SHEAR MODULUS G)

ALAM = POISS*YOUNG/(l. + POISS)/(l. - 2.*POISS) 
AMUE = YOUNG/2./(I. + POISS)
AD(1 1 1 1) = ALAM + 2.*AMUE
AD(1 1 2 2) = ALAM
AD(1 1 3 3) = ALAM
AD(2 2 1 1) = ALAM
AD(2 2 2 2) = ALAM + 2.*AMUE
AD(2 2 3 3) = ALAM
AD(3 3 1 1) = ALAM
AD(3 3 2 2) = ALAM
AD(3 3 3 3) = ALAM + 2.*AMUE
AD( 1 2 1 2) = AMUE
AD (2 1 2 1) = AMUE
AD(1 3 1 3) = AMUE
AD(3 1 3 1) = AMUE
AD(2 3 2 3) = AMUE
AD(3 2 3 2) = AMUE
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AD(1 $ 2 , 2 9 1) = AMUE
AD( 2 9 1 , 1 9 2) = AMUE
AD( 1 1 3 , 3 9 1) = AMUE
AD(3 9 1 , 1 9 3) = AMUE
AD(2 1 3 , 3 9 2) = AMUE
AD(3 » 2 , 2 9 3) = AMUE

C
RETURN
END

D E F J A C ========

C
n

SUBROUTINE DEFJAC(E,DEL,RR,DJAC)

c I I
c I THIS SUBPROGRAM CALCULATES THE DETERMINANT OF THE I
c I DEFORMATION JACOBIAN AND THE <RR> MATRIX. I
c I I
c I EINV1 = FIRST STRAIN INVARIANT I
c I EINV2 = SECOND STRAIN INVARIANT I
c I EINV3 = THIRD STRAIN INVARIANT I
c I DJAC = DETERMINANT OF THE JACOBIAN I
c I RR(K1 , K2) = THIS MATRIX WHEN DOTED WITH THE STRAIN I
c I TENSOR WILL RESULT THE INCREMENT OF THE I
c I JACOBIAN. I
c
/ I

I I
L
c

IMPLICIT REAL*8 (A-H.O-Z) 
DIMENSION E(3,3),DEL(3,3),RR(3,3)

C —  CALCULATION OF THE STRAIN INVARIANTS
EINV1 =0.0 
EINV2 =0.0 
EINV3 =0.0

C
DO 10 Kl = 1 , 3 
EINV1 = EINV1+E(K1 , Kl)
DO 10 K2 = 1 , 3 
EINV2 = EINV2+E(K1 , K2)**2 
DO 10 K3 = 1 , 3 

10 EINV3 = EINV3+E(K1 , K2)*E(K2 , K3)*E(K3 , Kl)
C

EINV2 = 0.5*EINV2
EINV3 = 0.3333333333333333D0*EINV3

C
C CALCULATION OF THE DEFORMATION JACOBIAN DETERMINANT 
C

C23 = 0.66666666666666666D0
DJAC1=1.+2.*EINV1*(1.+EINV1+C23*EINV1**2)-4.*EINV2*(1.+2.*EINV1) 

//+8.*EINV3 
DJAC = DJAC1**(0.5)

C
C — - CALCULATION OF THE MATRIX RR(K1 , K2)



o 
u 

u 
u 

o

133

DO 30 Kl = 1 , 3 
DO 30 K2 = 1 , Kl 
CST1 =0.
DO 20 K3 = 1 , 3 

20 CST1 = CST1+E(K1 , K3)*E(K3 , K2)
DELTA = DELfKl , K2)
RR(K1 , K2) = 2.*(DELTA*(EINV1-2.*EINV2+EINV1**2)-(1.+2.*EINV1)* 

#E(K1 , K2)+2.*CSTl+0.5*DELTA)/DJAC 
RR(K2 , Kl) = RR(K1 , K2)

30 CONTINUE
RETURN
END

Y I E L D

SUBROUTINE YIELD(S,C,Z,WORK,DJAC,C2,C3,SY,F,FI,F2)
C
C I
C I THIS SUBPROGRAM CALCULATES THE VALUE OF THE YIELD FUNCTION.
C I THE PROGRAMED YIED FUNCTION IS AN EXTENDE FORM OF THE
C I VON MISES YIELD CRITERION. THIS YIELD FUNCTION IS THE
C I EQUIVALANT LAGRANGIAN FORMULATION OF THE EULERIAN VON MISES
C I TYPE YIELD CRITERIA.
C I
C I THE YIELD FUNCTION HAS THE FOLLOWING FORM.
C I
C l  F = (F1)+(C2)(F2)+(C3)(F3)-AKEY**2
C I
C l  C2
C l  C3
C l  SY
C l  FI
C l  F2
C I
C l  F3
C I
C I FOR DEFENITION OF THE OTHER TERHS AND MATRICES REFER TO THE
C I SUBPROGRAMS "JACOB" AND "MATRIC".
C I
C =============================================================c

IMPLICIT REAL*8 (A-H.O-Z)
DIMENSION S(3,3),C(3,3),Z(3,3)

C
DJACO = l./DJAC**2 
CST1 = 0.
CST2 = 0.
CST3 = 0.
CST4 = 0.
CST5 = 0.

C
DO 10 K2 = 1 , 3 
DO 10 Kl = 1 , 3

KINEMATIC WORK-HARDENING COEFFICIENT 
IS THE ISOTROPIC WORKHARDENING COEFICIENT 
IS THE YIELD STRESS IN SIMPLE TENSION TEST 
IS THE SECOUND EULERIAN STRESS TENSOR INVAR.
IS THE PART WHICK ACOUNTS FOR THE KINAMATIC WORK 
HARDENING.

IS THE PLASTIC WORK.
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CST1 = CST1+S(K1 , K2)*C(K1 , K2)
CST2 = CST2+Z(K1 , K2)*C(K1 , K2)
DO 10 K4 = 1 , 3 
DO 10 K3 = 1 , 3 
CST = C(K1 , K3)*C(K2 , K4)
CST3 = CST3+S(K1 , K2)*S(K3 , K4)*CST
CST4 = CST4+S(K1 , K2)*Z(K3 , K4)*CST
CST5 = CST5+Z(K1 , K2)*Z(K3 , K4)*CST

10 CONTINUE
C

C13 = 0.3333333333333333D0 
C16 = 0.1666666666666666D0 
FI = DJACO*(0.5*CST3-C16*CST1**2)
F2 = DJACO*(C13*CST1*CST2-CST4+0.5*CST5-C16*CST2**2) 
F3 = -WORK
F = F1+C2*F2+C3*F3-SY**2

C
RETURN
END

F D E R ==

SUBROUTINE FDER(S,C,Z,DJAC,FI,F2,C2,C3)
C
C ===========================================================
C I
C I THIS PROGRAM CALCULATES THE DERIVATIVE OF "F" WRT
C I <STRESS>, <STRAIN>, JACOBIAN, AND PLASTIC WORD WKC
C I
C l  FIS = PARTIAL DERIVATIVE OF FI WRT <STRESS>
C l  F2S = PARTIAL DERIVATIVE OF F2 WRT <STRESS>
C l  FIE = PARTIAL DERIVATIVE OF FI WRT <STRAIN>
C l  F2E = PARTIAL DERIVATIVE OF F2 WRT <STRAIN>
C I F1J = PARTIAL DERIVATIVE OF FI WRT JACOBIAN
C l  F2J = PARTIAL DERIVATIVE OF F2 WRT JACOBIAN
C l  F3J = PARTIAL DERIVATIVE OF F3 WRT JACOBIAN
C I
C I FOR THE DEFENITIONS OF F1.F2 REFER TO THE
C I SUBPROGTAM "YIELD".
C I 
C I
C l  FS = DERIVATIVE OF F WRT <STRESS>
C l  FE = DERIVATIVE OF F WRT <STRAIN>
C l  FZ = DERIVATIVE OF F WRT <SHIFT TENSOR>
C l  FK = DERIVATIVE OF F WRT WK
C l  FJ = DERIVATIVE OF F WRT JACOBIAN
C I
C I FOR THE DEFENITION OF THE OTHER TERMS OR MATRICES REFER
C l  TO SUBPROGRAMS "JACOB" AND "MATRIC".
C I
C ===============================================^=======:
C

IMPLICIT REAL*8 (A-H.O-Z) 
COMMON/FDERl/FJ,FK,FS(3,3),FE(3,3),FZ(3,3) 
DIMENSION S(3,3),C(3,3),Z(3,3)
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DJACO = l./DJAC**2
CONST = 0.3333333333333333D0

C
CST1 = 0.
CST2 = 0.
DO 10 K2 = 1 , 3
DO 10 Kl = 1 , 3
CST1 = CST1 + S(K1 , K2)*C(K1 , K2)

10 CST2 = CST2 + Z(K1 , K2)*C(K1 , K2)
DO 30 Kl = 1 , 3
DO 30 K2 = 1 , Kl
CST3 = 0.
CST4 = 0.
CST5 = 0.
CST6 = 0.
CST7 = 0.
DO 20 K3 = 1 , 3
DO 20 K4 = 1 , 3
C34 = C(K3 , K4)
CST3 = CST3 + S(K3 , K1)*S(K4 , K2)*C34
CST4 = CST4 + C(K1 , K3)*C(K2 , K4)*S(K3 , K4)
CST5 = CST5 + Z(K3 , K1)*Z(K4 , K2)*C34
CST6 = CST6 + S(K3 , K1)*Z(K4 , K2)*C34
CST7 = CST7 + C(K1 , K3)*C(K2 , K4)*Z(K3 , K4)

20 CONTINUE
C12 = C(K1 , K2)
S12 = S(K1 , K2)
FIS = CST4 - C0NST*CST1*C12
FIE = CST3 - C0NST*CST1*S12
F2S = CONST*CST2*C12 - CST7
F2Z = CST7 - CST4 + C0NST*(CST1 - CST2)*C12
F2E = CST5 - 2.*CST6 + C0NST*((CST1 - CST2)
// *Z(K1 , K2) + CST2*S12)
FS(K1 , K2) = DJAC0*(F1S + C2*F2S)
FE(K1 , K2) = 2.*DJAC0*(F1E + C2*F2E)
FZ(K1 , K2) = C2*F2Z*DJAC0
FS(K2 , Kl) = FS(K1 , K2)
FE(K2 , Kl) = FE(K1 , K2)
FZ(K2 , Kl) = FZ(K1 , K2)

30 CONTINUE
F1J = -2.*F1/DJAC 
F2J = -2.*F2/DJAC 
FJ = F1J+C2*F2J 
FK = -C3
RETURN
END

E L P L D

SUBROUTINE ELPLD(S,Z,RR,DJAC,BETA,DEN,ICODE)
C
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C ==================================:========;=======:===========
C l  I
C I THIS PROGRAM CALCULATES THE ELASTOPLASTIC MATRIX I
C I THAT CORRESPONDS TO THE YIELD FUNCTION F I
C l  I
C =================================================================

IMPLICIT REAL*8 (A-H.O-Z)
C0MM0N/FDER1/FJ,FK,FS(3,3),FE(3,3),FZ(3,3)
COMMON/ADMAT1/AD(3,3,3,3)
C0MM0N/ELPLD1/DEPM(3,3,3,3),ALAM(3,3),AMU(3,3)
DIMENSION EFF(3,3),S(3,3),Z(3,3),RR(3,3)
D1 = 0.
D2 = 0.
D3 = 0.
DENI = 0.
DEN2 = 0.
DO 20 Kl = 1 , 3
DO 20 K2 = 1 , 3
EFF(K1 , K2) = 0.
D1 = D1 + FZ(K1 , K2)*(S(K1 , K2) - Z(K1 , K2))
D2 = D2 + FS(K1 , K2)**2
D3 = D3 + (S(K1 , K2) - Z(K1 , K2))*FS(K1 , K2)
DEN2 = DEN2+S(K1 , K2)*FS(K1 , K2)
DO 10 K3 = 1 , 3
DO 10 K4 = 1 , 3

10 EFF(K1 , K2) = EFFCK1 , K2) + AD(K3 , K4 , Kl , K2)*FS(K3 , K4)
20 DENI = DENI + EFF(K1 , K2)*FS(K1 , K2)

DEN = DENI - DEN2*FK/DJAC - BETA*D1*D2/D3
C

IF (ICODE.EQ.O) THEN 
DO SO Kl = 1 , 3
DO 50 K2 = 1 , Kl
CST3 = 0.
DO 30 K3 = 1 , 3
DO 30 K4 = 1 , 3
CST3 = CST3 + AD(K1 , K2 , K3 , K4)*FS(K3 , K4)

30 CONTINUE
C

DO 40 K3 = 1 , 3
DO 40 K4 = 1 , 3
CST2 = CST3*(FE(K3 , K4) + FJ*RR(K3 , K4) + EFF(K3 , K4)) 
DEPM(K1 , K2 , K3 , K4) = AD(K1 , K2 , K3 , K4) - CST2/DEN 

40 DEPM(K2 , Kl , K3 , K4) = DEPMCK1 , K2 , K3 , K4)
50 CONTINUE

C
ELSE

DO 60 Kl = 1 , 3
DO 60 K2 - 1 , Kl
ALAM(K1,K2)=(EFF(K1,K2) + FE(K1 , K2) + RR(K1 , K2)*FJ)/DEN 
AMU(K1 , K2) = ALAM(K1 , K2)*BETA*D2/D3 
ALAM(K2 , Kl) = ALAM(K1 , K2)
AMU(K2 , Kl) = AMU(K1 , K2)

60 CONTINUE
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END IF
C

RETURN
END

C 0 N V E R

SUBROUTINE CONVER(D4,D2,IFLAG,ITYPE)

I
I
I
I

THIS PROGRAM TRANSFORMS THE FOURTH ORDER STIFFNESS 
TENSOR TO A SECOND ORDER HATRIX

I
I
I
I

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION D4(3,3,3,3),D2(6,6)

C D2 = THE SECOND ORDER STIFFNESS MATRIX
IF (ITYPE.LT.300) THEN

D2(1,1) = D4(l,1,1,1)
D2(l,2) = D4(l,1,2,2)
D2(1,3) = 04(1,1,1,2)
D2(l,4) = D4(l,1,3,3)
D2(2,1) = D4(2,2,l,l)
D2(2,2) = D4(2,2,2,2)
D2(2,3) = D4(2,2,1,2)
D2(2,4) = D4(2,2,3,3)
D2(3,1) = D4(l,2,l,l)
D2(3,2) = D4(l,2,2,2)
D2(3,3) = D4(l,2,1,2)
D2(3,4) = D4(l,2,3,3)
D2(4,1) = D4(3,3,1,1)
D2(4,2) = D4(3,3,2,2)
D2(4,3) = D4(3,3,1,2)
D2(4,4) = D4(3,3,3,3)
IF(IFLAG.NE.l) GO TO 20 
CST1 = D4(3,3,1,1)/D4(3,3,3,3)
CST2 = D4(3,3,2,2)/D4(3,3,3,3)
CST3 = (D4(3,3,1,2)+D4(3,3,2,l))/D4(3,3,3,3)/2. 
02(1,1) = D2(1,1)-CST1*D4(1,1,3,3)
D2(l,2) = D2(1,2)-CST2*D4(1,1,3,3)

'02(1',3) = D2(1,3)-CST3*D4(1,1,3,3)
D2(2,1) = D2(2,1)-CST1*D4(2,2,3,3)
D2(2,2) « D2(2,2)-CST2*D4(2,2,3,3)
D2(2,3) = D2(2,3)-CST3*D4(2,2,3,3)
D2(3,1) = D2(3,1)"CST1*D4(1,2,3,3)
D2(3,2) = D2(3,2)-CST2*D4(1,2,3,3)
D2(3,3) = D2(3,3)-CST3*D4(1,2,3,3)
DO 10 Kl = 1,4 
D2(4,K1) = 0.

10 D2(K1,4) = 0.
ELSE

D2(l,l) = 04(1,1,1,1)



138

D2( 1 2 II D4(l 1 2 2
D2(l 3 II D4(l 1 3 3
D2( 1 4 it D4(l 1 1 2
D2( 1 5 li D4(l 1 2 3
D2( 1 6 li D4( 1 1 1 3
D2(2 1 li D4(2 2 1 1
D2(2 2 II D4(2 2 2 2
D2(2 3 n D4(2 2 3 3
D2(2 4 li D4(.2 2 1 2
D2(2 5 ll D4(2 2 2 3
D2(2 6 il D4(2 2 1 3
D2(3 1 ii D4(3 3 1 1
D2(3 2 n D4(3 3 2 2
D2(3 3 ii D4(3 3 3 3
D2(3 4 n D4(3 3 1 2
D2(3 5 li D4(3 3 2 3
D2(3 6 ii D4(3 3 1 3
D2(4 1 li D4(l 2 1 1
D2(4 2 li D4(l 2 2 2
D2(4 3 li D4(l 2 3 3
D2(4 4 n D4(l 2 1 2
D2(4 5 n D4(l 2 2 3
D2(4 6 n D4(l 2 1 3
D2(5 1 li D4(2 3 1 1
D2(5 2 it D4(2 3 2 2
D2(5 3 ii D4(2 3 3 3
D2(5 4 ii D4(2 3 1 2
D2(5 5 il D4(2 3 2 3
D2(5 6 ll D4(2 3 1 3
D2(6 1 il D4(l 3 1 1
D2(6 2 ll D4(l 3 2 2
D2(6 3 n D4(l 3 3 3
D2(6 4 ll D4(l 3 1 2
D2(6 5 = D4(l 3 2 3
D2(6 6 ll D4(l 3 1 3

END IF 
20 RETURN 

END
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