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KSEL, S,KP,, 4.5

KSEL, A, KP,, 104, 105

LSLK, S, 1 $ ASLL, S, I $NSLA, S, 1
PLNS, S, TWSR

*ENDIF



ANNEXE VIII

ANALYSE MODE I DE LA RUPTURE DES REFS.[28, 41]

FINISH

/CLEAR

/UIS, MSGPOP, 3
/PREP7

*ASK, REF
! DETERMINER P, DE FISSURATION INITIALE DANS LE CAS [0],; DE REF. [41&28]

*IF; REF, EQ, 1, THEN

/TITLE, MODE | DETERMINER P, DE FISSURATION INITIALE DE (REF.41)
*AFUN, DEG

! PARAMETRES

L1=50.8
L2=20
L3=158
INC=50
DZ=0.36
DY=254

! TYPE D'ELEMENT, MATERIAU, CONSTANTES REELES

ET, 1, SOLID46 ! Elément du solide composite de 250 plis (3 DDL)
KEYOPT, 1,5, 2
KEYOPT, 1, 8, 1

ET, 2, SOLID46 ! Elément du solide composite unidirectionnel
KEYOPT, 2, 5,2
KEYOPT, 2, 8, 1

I PROPRIETES DES MATERIAUX DE FIBRE DE CARBONE
! REFERENCE [41]

EF1=137900 $ EF2=14500 $ EF3=14500

GF12=5860 $ GF23=5860 $ GF31=5860

NUF12=0.022 $ NUF23=0.022 $ NUF31=0.022

MP, EX, I, EF1 $MP,EY, 1,EF2 $MP.EZ, 1, EF3

MP, NUXY, 1, NUF12 § MP, NUXZ, 1, NUF23 $§ MP, NUYZ, 1, NUF31
MP, GXY, I, GF12 $ MP,GXZ, 1, GF23 $ MP, GYZ, 1, GF31



MP, EX, 2, EMI $MP,EY,2 EM2 $MP, EZ, 2, EM3
MP, NUXY, 2, NUM12 § MP, NUXZ, 2, NUM23 § MP, NUYZ, 2, NUM31
MP, GXY, 2, GMI2 $ MP,GXZ,2,GM23 $MP,GYZ, 2, GM31

FC, 1, S, XTEN, 726 ! Référence [28]
FC. 1, S, XCMP,-726
FC, 1, S, YTEN, 726
FC, 1, S, YCMP,-726
FC, 1, S, ZTEN, 86
FC, 1, S, ZCMP,-86
FC, 1, S, XY, 86
FC.1,S,YZ, 86

FC, 1, S, XZ, 86

FC, 2, S, XTEN, 726
FC, 2. S, XCMP,-726
FC,2, 8, YTEN, 726
FC, 2, S, YCMP,-726
FC, 2. S, ZTEN, 86
FC, 2, S, ZCMP,-86
FC; 2, 5; XY, 86
FC,2,58,YZ, 86

EC, 2, 8, XZ, 86

! DEFINITION DES COUCHES DU COMPOSITE

! COMPOSITE UNIDIRECTIONEL

! PLIS DE COMPOSITE

R, 6,6

RMORE

RMORE, 1,0, 0.1, 1,0, 0.1 ! Pli=1, angle=0, épaisseur=0.1, pli=2, angle=0, épaisseur=0.1
RMORE, 1,0,0.1, 1,0, 0.1 ! Pli=3, angle=0, épaisseur=0.1, pli=4, angle=0, épaisseur=0.1
RMORE, 1, 0,0.1, 1,0, 0.1 ! Pli=5, angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1

! TRANSFERER D'AXE DU MODELE
LOCAL, 11,0,0,0,0,0,-90,0

! CREATION DES VOLUMES

CSYS, 11
K L, 0, 0,0
K,2,L1,0,0,0

K,3,L1+L2,0,0
K, 4,L1+L2+L3,0,0
KGEN, 3,1,4,1,0,0,DZ, 10

KGEN, 2,1,2,1,0,0,0, 30
KGEN, 2, 1,4,1,0,0,-DZ, 40
KGEN, 2, 1,4, 0,0, 0,-(2*DZ), 50

o



L, 1,2

L 31,32

LSEL, S, LINE,, 1,2, 1
LESIZE, ALL, 0,0, 15
ALLS

NSEGMENT=20

L;2:3

L,323

LSEL, S, LINE,, 3,4, 1

LESIZE, ALL, 0, 0, NSEGMENT
ALLS

L.3,4
LSEL; S, LINE;, 5, 5; 1
LESIZE, ALL, 0, 0, 40

ALLS

KGEN, 2, 1,4, 1,0, DY, 0, 100
KGEN, 2,11, 14, 1, 0, DY, 0, 100
KGEN, 2,21,24,1,0,DY, 0, 100
KGEN, 2, 31,32, 1,0, DY, 0, 100
KGEN, 2, 41,44, 1,0, DY, 0, 100
KGEN, 2, 51, 54,1, 0, DY, 0, 100

B:: W29

L, 1,101 $L,2,1028L,3,1038L, 4,104
LSEL, S, LINE,, 6, 9, 1

LESIZE, ALL, 0, 0, 20

ALLS

L,31,131

L, 32,132

LSEL, S, LINE,, 10, 11, 1
LESIZE, ALL, 0,0, 20
ALLS

L,1,11 $L, 11,21
L,2,12 $1L; 12,22
L,3,13 $L, 13,23
L.4,14 $L, 14,24
L,3

L

2 by
L]

,31,418L,32,42
,3,43 $L,43,53
L,4,44 $L, 44,54
LSEL, S, LINE,, 12,25, |
LESIZE, ALL, 0,0, 1
ALLS

! VOLUMES DU COMPOSITE

V,1,2.102, 101, 11,12, 112, 111
V,2,3,103,102,12,13,113, 112
V,3,4,104,103,13, 14,114,113

5 =y

! Région de fissure

215



VATT, 6 1, 11
VMESH, ALL

V, 11, 12, 112, 111, 21, 22, 122, 121
V, 12,13, 113, 112,22, 23,123, 122
V13, 14, 114, 113,23, 24,124, 123
VATT,, 6, 1, 11

VMESH, ALL

, 32,132, 131, 41,42, 142, 141
.3, 103, 132,42,43, 143, 142
3.4.104, 103,43, 44, 144,143
ATT, 6,1, 11

VMESH, ALL

’
Ll
3y

Vv
Vv
\Y
Vv

V., 41,42, 142, 141, 51, 52, 152, 151
V, 42,43, 143, 142, 52,53, 153, 152
V, 43, 44,144, 143, 53, 54, 154, 153
VATT, 6, 1, 11
VMESH, ALL

/NIEW, 1,1, 1, 1
EPLOT

! COUPLAGE

KSEL;'S, KP,, 2, 3

KSEL, A, KP,, 102, 103
KSEL, A, KP,, 3, 32, 32-3
KSEL, A, KP,, 32,132,100
LSLK, S, 1

ASLL, 51

NSLA, S, 1

CPINTF, ALL

ALLS

*GET, NB_CP, CP, 0, MAX

*GET, NBELEM, ELEM, 0, COUNT

! Mat 1; Real 6; Type d'¢lément 1; Local 11

! Mat 1; Real 6 ; Type d'élément 1; local 11

! Mat 1; Real 6; Type d'élément 1; local 11

! Mat 1; Real 6 ; Type d'élément 1; local 11

/TITLE, MODE I REFERENCE [41] (%NBELEM%ELEMENTSYS)

! CONDITION DE BLOCAGE

NSEL, S, LOC, X, L1+L2+L3-0.0001, L1+L2+L3+0.0001

D, ALL, UX, 0
D, ALL, UY, 0
D, ALL, UZ, 0
ALLS

/VIEW, 1, 1,1, 1
{PBC; F;; |
/PBC, U,, 1

EPLOT

9



337

KSEL, S, KP,, 2, 3
KSEL, A, KP,. 102, 103
LSLK,S, 1 $ ASLL, S, 1 $NSLA, S, 1
*GET, NMIN, NODE, 0, NUM, MIN
*GET, NBNODE, NODE, 0, COUNT
*DIM, NUMNODE,, NBNODE
*DIM, STRESS _NODE,, NBNODE, 4
NUMNODE (1) =NMIN
*DO, I, 2, NBNODE
*GET, NUMNODE (I), NODE, NUMNODE (I-1), NXTH
*ENDDO
ALLS

*DIM, NCRACK, (NBNODE+NBNODE1+NBNODE2), 2
/SOLU

CS8YS, 11

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z.(2*DZ)-0.0001,(2*DZ)+0.0001
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY, I/NNODE

ALLS

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,-((2*DZ)-0.0001).-((2*DZ) +0.0001)
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY,-1/NNODE

ALLS

SOLVE

FINI

/POSTI

/EDGE, 1, 1 ! Afficher les éléments
/DSCALE, 1, 1

PLNS, S, 1

*DO, 12, 1, NBNODE

RSYS, 11

STRESS NODE (12, 1) =NUMNODE (12)

*GET, STRESS NODE (12, 2), NODE, NUMNODE (12), FAIL, SMAX
*ENDDO

KSEL, S, KP,, 2, 3

KSEL, A, KP,, 102, 103

LSLK, S, 1 $ ASLL, S, 1 §NSLA, S, 1
PLNS, S, TWSR

*GET, TWSR, PLNSOL, 0, MAX

KSEL, S, KP,, 2,3
KSEL, A, KP,, 102, 103
LSLK, S, 1$ASLL, S, 1 $NSLA, S, 1



PLNS, S, MAXF
*GET, MAXF, PLNSOL, 0, MAX

/TITLE, MODE I FRACTURE, Pctw=%(1/TWSR)%N, Pccm=%(1/MAXF)%N
/REP

YTITLE, MODE | FRACTURE, TWSR=%(TWSR)%, MAXF=%(MAXF)%
!/REP

*ENDIF
! ETUDE PROPAGATION DE LA FISSURATION LE CAS [0],;, DE REFERENCE [41]
*IF; REF; EQ, 2; THEN

/TITLE, MODE | (DETERMINER 'G') DES EPROUVETTES (REF.41) EN COMPOSITE
*AFUN, DEG

' PARAMETRES

L1=50.8
L2=20
L3=158
INC=50
DZ=0.36
DY=25.4

! TYPE D'ELEMENT, MATERIAU, CONSTANTES REELES

ET, 1, SOLID46 ! Elément du solide composite de 250 plis (3 DDL)
KEYOPT, 1, 5,2
KEYOPT, 1, 8, |

ET, 2, SOLID46 ! Elément du solide composite unidirectionnel
KEYOPT,; 2, 5,2
KEYOPT, 2,8, 1

! PROPRIETES DES MATERIAUX DE FIBRE DE CARBONE

! REFERENCE [41]

EF1=137900 $ EF2=14500 $ EF3=14500

GF12=5860 $ GF23=5860 $ GF31=5860

NUF12=0.022 $ NUF23=0.022 $ NUF31=0.022

MP,EX, 1,EF1  $MP,EY, 1,EF2 $MP, EZ, 1, EF3

MP, NUXY, 1, NUF12 $ MP, NUXZ, I, NUF23 $ MP, NUYZ, 1, NUF31
MP, GXY, 1, GF12 $ MP,GXZ, 1, GF23 $ MP, GYZ. 1, GF31

MP, EX, 2. EMI $MP,EY,2, EM2 $MP, EZ, 2, EM3

MP, NUXY, 2, NUMI2 $ MP, NUXZ, 2, NUM23 $ MP, NUYZ, 2, NUM31
MP, GXY, 2, GM12 $ MP, GXZ, 2, GM23 $ MP, GYZ, 2, GM31

FC, 1, S, XTEN, 726 ! Référence [28]

§9]



FC, 1, S, XCMP.-726
FC, 1, S, YTEN, 726

FC, 1, S, YCMP,-726
FC, 1, S, ZTEN, 86
FC, 1, S, ZCMP,-86
FC, 1, S, XY, 86

FC; 1,8, YZ, 86

FC, 1, S, XZ, 86

FC, 2, S, XTEN, 726
FC, 2. S, XCMP,-726
FC, 2, S, YTEN, 726
FC, 2,8, YCMP;-726
FC,2, S, ZTEN, 86
FC,2,S.ZCMP,-86
FC. 2, S, XY, 86
FC,2.5,YZ, 86
FC,2, S, XZ, 86

! DEFINITION DES COUCHES DU COMPOSITE

! COMPOSITE UNIDIRECTIONEL

! PLIS DE COMPOSITE

R, 6,6

RMORE

RMORE, 1, 0,0.1, 1,0, 0.1 ! Pli=1, angle=0, épaisseur=0.1, pli=2, angle=0, épaisseur=0.1
RMORE, 1, 0,0.1, 1,0, 0.1 ! Pli=3, angle=0, épaisseur=0.1, pli=4, angle=0, épaisseur=0.1
RMORE, 1,0, 0.1, 1,0, 0.1 ! Pli=5. angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1

! TRANSFERER D'AXE DU MODELE
LOCAL, 11,0,0,0,0,0,-90,0
! CREATION DES VOLUMES

CSYS, 11

K, 1,0,0,0

K,2,L1,0,0,0

K, 3,L1+L2,0,0

K, 4, L1+L2+L3,0,0
KGEN, 3,1,4,1,0,0,DZ, 10

KGEN, 2,1,2,1,0,0,0,30
KGEN, 2, 1,4,1,0,0,-DZ, 40
KGEN, 2, 1,4, 0,0, 0,-(2*DZ), 50
L, 1,2

L, 31,32

LSEL, S, LINE;;. 1, 2; 1
LESIZE, ALL, 0, 0, 15
ALLS



230

NSEGMENT=20 ! Région de fissuration

L;2.3

L;32,3

LSEL, S, LINE,, 3,4, 1

LESIZE, ALL, 0, 0, NSEGMENT
ALLS

(U5 I S

L,3.4
LSEL; 8, LINE;, 5, 5. 1
LESIZE, ALL, 0, 0, 40

ALLS

KGEN, 2, 1,4, 1,0, DY, 0, 100
KGEN, 2, 11, 14, 1, 0, DY, 0, 100
KGEN, 2,21,24, 1,0, DY, 0, 100
KGEN, 2, 31,32, 1, 0, DY, 0, 100
KGEN, 2,41, 44, 1,0, DY. 0, 100
KGEN, 2,51, 54, 1,0, DY, 0, 100

L, 1,101 $SL,2,1028L,3,103$L,4. 104
LSEL, S, LINE,, 6, 9, 1

LESIZE, ALL, 0, 0, 20

ALLS

L 31, 131
I, 32,132
LSEL; §; LINE;; 10; 11,1
LESIZE, ALL, 0, 0, 20
ALLS
I, 1D SL, 1,21
12 8L,12,22

13 $L, 13,23

14 $L. 14,24
1,418L,32 42
L.3,43 $L,43,53
L,4,44 $ L, 44,54
LSEL, S, LINE,, 12, 25, 1
LESIZE, ALL; 0,0, 1
ALLS

L1,
L.2
L 3y
L 4.
I 3

! VOLUMES DU COMPOSITE

V,1,2,102, 101, 11, 12, 112, 111

V,2, 3,103,102, 12,13, 113,112

V,3,4,104,103, 13, 14,114,113

VATT,, 6,1, 11 ! Mat 1; Real 6; Type d'élément 1; Local 11
VMESH, ALL

Vv, 11,12, 112,111, 21,22, 122, 121
V, 12,13, 113, 112,22, 23,123, 122
V, 13,14, 114, 113, 23, 24,124, 123
VATT, 6,1, 11 ! Mat 1; Real 6 ; Type d'élément 1; local 11



VMESH, ALL

31,32, 132, 131,41,42, 142, 141
32,3,103,132,42,43, 143, 142
3,4,104, 103,43, 44, 144, 143
ATT, 6,1, 11

MESH, ALL

’
)
N

\%
Vv
\%
Vv
Vv

V, 41,42, 142, 141, 51, 52, 152, 151
V, 42,43, 143, 142, 52,53, 153, 152
V, 43,44, 144, 143,53, 54, 154, 153
VATT,, 6,1, 11
VMESH, ALL

/VIEW, 1, 1,1, 1
EPLOT

' COUPLAGE

KSEL; §; KP;. 2, 3

KSEL, A, KP,, 102, 103
KSEL, A, KP,, 3, 32,32-3
KSEL, A, KP,, 32, 132, 100
LSLK, S, 1

ASLL, S, 1

NSLA, S, 1

CPINTF, ALL

ALLS

*GET, NBELEM, ELEM, 0, COUNT

' Mat 1; Real 6; Type d'élément 1; local 11

! Mat 1; Real 6 ; Type d'élément 1; local 11

/TITLE, MODE | REFERENCE [41] (%NBELEM%ELEMENTS)

! CONDITION DE BLOCAGE

NSEL, S, LOC, X, L1+L2+L3-0.0001, L1+L2+L3+0.0001

D, ALL, UX, 0
D, ALL, UY, 0
D, ALL,UZ, 0
ALLS

NBFORCE=21
*DIM, DEPLAC_UY,, NBFORCE
*DIM, FORCEZ,, NBFORCE
*DO, I, I, NBFORCE

FORCEZ (1) =2*1
*ENDDO

/VIEW, 1,1, 1, 1
/PBC, F,, 1
/PBC, U,, 1
EPLOT

KSEL; 8. KP,, 2, 3
KSEL, A, KP,, 102, 103

23]



(8]
(O8]
(NS

LSLK,S, 1 $ ASLL, S, 1 $NSLA, S, 1
*GET, NMIN, NODE, 0, NUM, MIN
*GET, NBNODE, NODE, 0, COUNT
*DIM, NUMNODE,, NBNODE
*DIM, STRESS_NODE,, NBNODE, 4
NUMNODE (1) =NMIN
*DO, 1, 2, NBNODE
*GET, NUMNODE (1), NODE, NUMNODE (I-1), NXTH
*ENDDO
ALLS

*DIM, NCRACK,,(NBNODE+NBNODE1+NBNODE2), 2
! BOUCLE DE LA PROPAGATION DE FISSURE
*DO, IC, 1, NBFORCE

/SOLU

CSYS, 11

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,(2*DZ)-0.0001,(2*DZ)+0.0001
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY, FORCEZ(IC)/NNODE

ALLS

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,-((2*DZ)-0.0001),-((2*DZ)+0.0001)
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY,-FORCEZ(IC)/NNODE

ALLS
SOLVE

FINI

/POSTI1

/EDGE, 1, 1 ! Afficher les éléments
/DSCALE, 1, 1

PLNS, S, 1

NODE_FY=NODE (KX (1), KY (1), KZ (1))
*GET, DEPLAC_UY(IC), NODE, NODE_FY, U, Y

/TITLE, MODE I, a=%L1%mm (%Nbelem%elems),F=%FORCEZ(ic)%N, UY=%DEPLAC UY/(ic)%mm
/REP

*DO, 12, 1, NBNODE

RSYS, 11

STRESS NODE (12, 1) =NUMNODE (12)

*GET, STRESS_NODE (12, 2), NODE, NUMNODE (12), FAIL, SMAX
*ENDDO

! VERIFIER SELON LES CRITERES TSAI-WU ET CONTRAINTE MAXIMALE



RSYS, 0
*DO, 13, 1, NBNODE
*IF, STRESS_NODE (13, 2), GT, 1, THEN
/PREP7
NSEL, S, NODE,, NUMNODE(I3)
NCRACK (I3, 1)"NUMNODE(I3) $ NCRACK(I3, 2)=STRESS_NODE(I3, 2)
CPDEL, ALL
*ENDIF
*ENDDO
ALLS

*ENDDO ! Fermer la boucle de la propagation de fissure
/POSTI

CSYS, 0

KSEL, S, KP,, 2,3

KSEL, A, KP,, 102, 103

LSLK, S, 1 $ ASLL, S, 1 $ NSLA, S, 1
PLNS, S, TWSR

KSEL; S; KP,; 2, 3

KSEL, A, KP,, 102, 103

LSLK, S, 1 $ ASLL, S, 1 $NSLA, S, 1
PLNS, S, MAXF

*ENDIF
! DETERMINER P, DE FISSURATION INITIALE LE CAS [(02/+45/-45)3/0|S DE REF.[41]
*IF, REF. EQ, 3, THEN

/TITLE, MODE I DETERMINER PI DE FISSURATION INITIALE (REF.41)
*AFUN, DEG

! PARAMETRES

L1=50.8
L2=20
L3=158
INC=50
DZ=0.36
DY=25.4

! TYPE DELEMENT, MATERIAU, CONSTANTES REELES

ET, 1, SOLID46 ! Elément du solide composite de 250 plis (3 DDL)
KEYOPT, 1,5,2

KEYOPT, 1,8, 1

ET, 2, SOLID46 ! Elément du solide composite unidirectionnel
KEYOPT, 2,5,2

KEYOPT, 2,8, |



! PROPRIETES DES MATERIAUX DE FIBRE DE CARBONE
! Ref[41]

EF1=98730 $ EF2=14660 $ EF3=14660
GF12=5860 $ GF23=5860 $ GF31=5860
NUF12=0.033 $ NUF23=0.033 $ NUF31=0.033

! PROPRIETES DE NOYAU

EM1=7933 $ EM2=7933 $ EM3=135000
NUMI12=0.35 $§ NUM23=0.35 $§ NUM31=0.35
GMI2=EMI1/2/(1+NUMI12) $ GM23=EM1/2/(1+NUM12) § GM31=EM1/2/(1+NUM12)

MP, EX, 1,EF1  $§ MP,EY, 1. EF2 $MP,EZ, I, EF3
MP, NUXY, 1, NUF12 § MP, NUXZ, 1, NUF23 $§ MP, NUYZ, 1, NUF31
MP, GXY, 1, GF12 $ MP, GXZ, 1, GF23 $ MP,GYZ, 1, GF31

MP, EX, 2, EMI §$MP,EY,2, EM2 §MP,EZ, 2, EM3
MP, NUXY, 2, NUMI2 § MP, NUXZ, 2, NUM23 $§ MP, NUYZ, 2, NUM31
MP, GXY, 2, GMI12 $ MP, GXZ, 2, GM23 $MP,GYZ, 2, GM3]

FC, 1, S, XTEN, 726 ! Référence [28]
FC, 1, S, XCMP,-726

FC, 1, S, YTEN, 726

FC, 1, S, YCMP,-726

FC, 1, S, ZTEN, 86

FC, 1, S. ZCMP,-86

FC, 1, S, XY, 86

FC, 1,S, YZ, 86

FC, 1,S, XZ, 86

FC, 2, S, XTEN, 726
FC, 2, S, XCMP.-726
FC,2,S, YTEN, 726
FC, 2, S, YCMP,-726
FC, 2, S. ZTEN, 86
FC,2, S, ZCMP,-86
FC,2, S, XY, 86
FC,2.S,YZ, 86

FC, 2, S, XZ, 86

! DEFINITION DES COUCHES DU COMPOSITE

! PLIS DE COMPOSITE

R, 6,6

RMORE

RMORE, 1,0,0.1, 1,0, 0.1 ! Pli=1, angle=0, épaisseur=0.1, pli=2, angle=0, épaisseur=0.1
RMORE, 1, 45,0.1, 1,-45, 0.1 !'Pli=3, angle=45, épaisseur=0.1, pli=4, angle=-45, épaisseur=0.1
RMORE, 1,0,0.1, 1,0, 0.1 ' Pli=5, angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1

R,7,7



RMORE

RMORE, 1, 45,0.1, 1,-45, 0.1 ! Pli=7, angle=45, épaisseur=0.1, pli=8, angle=-45, épaisseur=0. 1
RMORE, 1, 0,0.1, 1,0, 0.1 ! Pli=9, angle=0, épaisseur=0.1, pli=10, angle=0, épaisseur=0.1
RMORE, 1, 45,0.1, 1,-45, 0.1 ' Pli=11, angle=45, épaisseur=0.1, pli=12, angle=-45, épaisseur=0.1
! TRANSFERER D'AXE DU MODELE

LOCAL, 11,0,0,0, 0, 0,-90, 0

! CREATION DES VOLUMES

CS8YS, 11

7"
J_.
-
+
=
ot
gl
=
.—-b)

l\GEN 3, l 4,

L, 1,2

L,31,32

LSEL, 8, LINE; 1, 2; 1
LESIZE, ALL, 0,0, 15
ALLS

NSEGMENT=20 ! Région de fissuration

L,2,3

L, 32,3

LSEL, S, LINE,, 3,4, 1

LESIZE, ALL, 0, 0, NSEGMENT
ALLS

L,3,4
LSEL, 8, LINE;;:5, 5, 1
LESIZE, ALL, 0, 0, 40

ALLS

KGEN, 2, 1,4,1,0,DY, 0, 100
KGEN, 2, 11, 14, 1, 0, DY, 0, 100
KGEN, 2, 21, 24, 1,0, DY, 0, 100
KGEN, 2. 31, 32, 1,0, DY, 0, 100
KGEN, 2, 41,44, 1,0,DY, 0, 100
KGEN, 2,51, 54, 1,0, DY, 0, 100

L,1,101$L,2,1028L,3,1038L,4,104
LSEL, S, LINE,, 6,9, 1

LESIZE, ALL, 0, 0, 20

ALLS



L; 31, 131

L., 32, 132

LSEL, S, LINE,, 10, 11, 1
LESIZE, ALL, 0, 0, 20
ALLS

L 1,7

L,2,1

L,3,13 $L. 13,23

L.4, 14 $L, 14,24
L.31,418L.32,42
L.3.43 §L,43,53
L,d4,44 §L,44, 54
LSEL, S. LINE,, 12,25, 1
LESIZE, ALL, 0,0, 1
ALLS

! VOLUMES DU COMPOSITE

1,2,102, 101, 11,12, 112, 111
2,3,103,102,12, 13,113,112
V,3,4,104, 103,13, 14, 114, 113
VATT,, 6,1, 11
VMESH, ALL

v’
v7

V, 11,112,112, 111, 21, 23, 122, 121
V, 12, 13,113, 112,22, 23, 123, 122
V, 13,14, 114, 113,23, 24,124, 123
VATT,, 7, 1, 11
VMESH, ALL

V, 31,32, 132,131, 41, 42, 142, 141
V,32,3,103,132,42,43,143, 142
V, 3,4,104, 103, 43, 44, 144, 143
VATT,, 6, 1, 11

VMESH, ALL

V, 41,42, 142, 141, 51, 52, 152, 151
V, 42,43, 143, 142, 52, 53, 153, 152
V, 43,44, 144,143, 53, 54, 154,153
VATT,, 7,1, 11
VMESH, ALL

/VIEW, 1,1, 1,1
EPLOT

! COUPLAGE

KSEL, S, KP,, 2, 3

KSEL, A, KP,, 102, 103
KSEL, A, KP,, 3,32, 32-3
KSEL, A, KP,, 32,132, 100
LSLK, S, 1

ASLL, S, 1

! Mat 1; Real 6; Type d'élément 1; Local 11

! Mat 1; Real 7; Type d'élément 1; local 11

! Mat 1; Real 6; Type d'élément 1; local 11

! Mat ; Real 7; Type d'élément 1; local 11
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NSLA, §, 1
CPINTF, ALL
ALLS

*GET, NBELEM, ELEM, 0, COUNT
/TITLE, MODE I FRACTURE (%NBELEM%ELEMENTS)

' CONDITION DE BLOCAGE

NSEL, S, LOC, X, L1+L2+L3-0.0001, L1+L2+L3+0.0001
D, ALL, UX, 0

D, ALL, UY, 0

D, ALL, UZ, 0

ALLS

/VIEW, 1, 1, 1, 1
/PBC, F., 1
/PBC, U,, 1

EPLOT

KSEL, S, KP,, 2.3
KSEL, A, KP,, 102, 103
LSLK, S, 1 $ ASLL, S. 1 $NSLA, S, 1
*GET, NMIN, NODE, 0, NUM, MIN
*GET, NBNODE, NODE, 0, COUNT
*DIM, NUMNODE,, NBNODE
*DIM, STRESS_NODE,, NBNODE, 4
NUMNODE (1) =NMIN
*DO, 1, 2, NBNODE
*GET, NUMNODE (I), NODE, NUMNODE (I-1), NXTH
*ENDDO
ALLS

*DIM, NCRACK,,(NBNODE+NBNODE1+NBNODE2), 2
/SOLU

CSsYS, 11

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,(2*¥DZ)-0.0001,(2*DZ)+0.0001
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY, I/NNODE

ALLS

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,-((2*¥DZ)-0.0001),-((2*DZ) +0.0001)
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY,-1/NNODE

ALLS

SOLVE

/POSTI

D



/EDGE, 1, 1 I Afficher les éléments
/DSCALE, 1, 1
PLNS, S, X

*DO, 12, 1, NBNODE
RSYS, 11
STRESS _NODE (12, 1)=NUMNODE(I2)
*GET, STRESS _NODE (12, 2), NODE, NUMNODE (12), FAIL, SMAX
*ENDDO

KSEL, S,KP.. 2,3

KSEL, A, KP,, 102, 103

LSLK, S, 1 $ ASLL, S,  $NSLA, S, 1
PLNS, S, TWSR

*GET, TWSR, PLNSOL, 0, MAX

KSEL, 8, KP;:2, 3

KSEL, A, KP,, 102, 103

LSLK, S, 1 $ ASLL, S, 1 $NSLA, S, 1
PLNS, S, MAXF

*GET, MAXF, PLNSOL, 0, MAX

/TITLE, MODE I FRACTURE, Pctw=%(1/TWSR)%N, Pccm=%(1/MAXF)%N
/REP

!/TITLE, MODE | FRACTURE, TWSR=%(TWSR)%, MA XF=%(MA XF)%
|/REP

*ENDIF

! ETUDE PROPAGATION DE LA FISSURATION LE CAS [(02/+45/-45)3/0]s DE REF.[41]
*IF, REF, EQ, 4, THEN

/TITLE, MODE | DE RUPTURE DES EPROUVETTES (REF.28&41) EN COMPOSITE
*AFUN, DEG

! PARAMETRES

L1=50.8

L.2=20

L3=158

INC=50

DZ=0.36

DY=25.4

I TYPE D'ELEMENT, MATERIAU, CONSTANTES REELES

ET, 1, SOLID46 ! Elément du solide composite de 250 plis (3 DDL)
KEYOPT, 1,5,2
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KEYOPT, 1, 8, |

ET, 2, SOLID46 ! Elément du solide composite unidirectionnel
KEYOPT, 2, 5,2
KEYOPT, 2, 8, |

! PROPRIETES DES MATERIAUX DE FIBRE DE CARBONE
! Référence [41]

EF1=98730 $EF2=14660 $ EF3=14660
GF12=5860 $ GF23=5860 $ GF31=5860
NUF12=0.033 $ NUF23=0.033 $ NUF31=0.033

' PROPRIETES DE NOYAU

EMI1=7933 § EM2=7933 $ EM3=135000
NUMI12=0.35 $§ NUM23=0.35 $ NUM31=0.35
GMI2=EMI1/2/(1+NUM12) § GM23=EM1/2/(1+NUM12) $ GM31=EM1/2/(1+NUM12)

MP,EX, 1,EF1 $MP,EY, 1,EF2 $MP,EZ, 1, EF3
MP, NUXY, 1, NUF12 § MP, NUXZ, 1, NUF23 $ MP, NUYZ, 1, NUF31
MP, GXY, I, GF12 $ MP, GXZ, 1, GF23 $ MP,GYZ, 1, GF31

MP, EX,2. EM1 §$MP,EY,2, EM2 $MP, EZ, 2, EM3
MP, NUXY, 2, NUMI2 $ MP, NUXZ, 2, NUM23 § MP, NUYZ, 2, NUM31
MP, GXY, 2, GMI12 $ MP, GXZ, 2, GM23 $ MP,GYZ, 2, GM31

FC, 1, S, XTEN, 726 ! Référence [28]
FC, 1, S, XCMP.-726

FC, 1, S, YTEN, 726

FC, 1, S, YCMP,-726

FC, 1, S, ZTEN, 86

FC, 1, S, ZCMP,-86

FC, 1, S, XY, 86
FC,1,S,YZ, 86
FC, 1, S, XZ, 86
FC, 2; S, XTEN, 726
FC, 2, S, XCMP,-726
FC, 2, S, YTEN, 726

= " T =T
NO0N0NNONA
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Lrununmumunmuwemnmn

N

=

m

Z

oo

(@)}

! DEFINITION DES COUCHES DU COMPOSITE
! PLIS DE COMPOSITE

R, 6,6



RMORE

RMORE, 1,0, 0.1, 1,0, 0.1
RMORE, 1, 45, 0.1, 1,-45, 0.1
RMORE, 1,0, 0.1, 1,0, 0.1

R, 7,7

RMORE

RMORE, 1, 45, 0.1, 1,-45, 0.1
RMORE, 1,0, 0.1, 1,0, 0.1
RMORE, 1, 45,0.1, 1,-45, 0.1

240

!'Pli=1, angle=0, épaisseur=0.1, pli=2, angle=0, épaisseur=0.1
! Pli=3, angle=43, épaisseur=0.1, pli=4, angle=-45, épaisseur=0.1
!'Pli=5, angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1

! Pli=7, angle=45, épaisseur=0.1, pli=8, angle=-45, épaisseur=0.1
' Pli=9, angle=0, épaisseur=0.1, pli=10, angle=0, épaisseur=0.1
' Pli=11, angle=45, épaisseur=0.1. pli=12, angle=-45, épaisseur=0.1

! TRANSFERER D'AXE DU MODELE

LOCAL, 11,0,0, 0,0, 0,-90, 0
! CREATION DES VOLUMES

SYS, 11

L, 1, 2

L, 31,32

LSEL, S,LINE,, 1,2, 1
LESIZE, ALL, 0,0, 15
ALLS

NSEGMENT=20

L,2,3

L, 32,3

LSEL, S, LINE,, 3,4, 1

LESIZE, ALL, 0, 0, NSEGMENT
ALLS

L, 3,4
LSEL, S, LINE;; 5, 5, 1
LESIZE, ALL, 0, 0, 40

ALLS

KGEN, 2, 1,4,1,0,DY, 0, 100
KGEN, 2, 11, 14, 1,0, DY, 0, 100
KGEN, 2, 21,24, 1,0, DY, 0, 100
KGEN, 2, 31, 32, 1,0, DY, 0, 100
KGEN, 2,41, 44,1,0,DY, 0, 100
KGEN, 2, 51, 54, 1,0, DY, 0, 100

! Région de fissuration



L, 1,101 $L,2,1028L,3,103$L,4, 104

LSEL, S, LINE,, 6,9, 1
LESIZE, ALL, 0, 0, 20
ALLS

L,31,131

L, 32,132

LSEL, S, LINE;, 10,11, 1
LESIZE, ALL, 0, 0, 20
ALLS

11 §$L, 11,21
12 $L,12,22
1
1

L. 1
L, 2,
L,3,13 $L.13,23
L,4,14 $L, 14,24
L,31,418L, 32,42
L,3,43 $L,43,53
L,4.44 S, 44,54
LSEL, S, LINE,, 12, 25, 1
LESIZE, ALL, 0,0, 1

ALLS

)
s
>

>

! VOLUMES DU COMPOSITE

1,2,102,101, 11,12, 112, 111
2,3,103,102, 12, 13, 113, 112
3,4,104,103,13,14,114,113
TT,,6,1,11
VMESH, ALL

v’
v,
v,
\Y%

vV, 11,12, 112,111, 21,22, 122, 121
V, 12,13, 113, 112, 22, 23, 123, 122
V, 13,14, 114, 113,23,24,124,123
VATT,, 7, 1, 11
VMESH, ALL

V, 31,32, 132,131, 41, 42, 142, 141
V, 32,3, 103, 132,42, 43, 143, 142
V,3,4,104, 103,43, 44, 144, 143
VATT, 6, 1, 11

VMESH, ALL

V, 41, 42, 142, 141, 51, 52, 152, 151
V, 42,43, 143, 142, 52, 53, 153, 152
V, 43,44, 144, 143,53, 54, 154, 153
VATT,, 7, 1, 11

VMESH, ALL
/VIEW, 1,1, 1,1
EPLOT

! COUPLAGE

! Mat 1; Real 6; Type d'élément 1; Local 11

! Mat 1; Real 7; Type d'élément 1; local 11

! Mat 1; Real 6; Type d'élément 1; local 11

! Mat 1; Real 7; Type d'élément 1; local 11
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KSEL, S, KP,, 2,3

KSEL, A, KP,, 102, 103
KSEL, A, KP,, 3, 32, 32-3
KSEL, A, KP,, 32, 132, 100
LSLK, S, 1

ASLL, S, 1

NSLA, S, 1

CPINTF, ALL

ALLS

*GET, Nb_CP, CP, 0, MAX

*GET, NBELEM, ELEM, 0, COUNT
/TITLE, MODE | FRACTURE (%NBELEM%ELEMENTS)

! CONDITION DE BLOCAGE

NSEL, S, LOC, X, L1+L2+L3-0.0001, L1+L2+L3+0.0001
D, ALL, UX, 0

D, ALL,UY, 0

D, ALL,UZ, 0

ALLS

! FORCES APPLIQUEES

NBFORCE=16
*DIM, DEPLAC_UY, NBFORCE
*DIM, FORCEZ,, NBFORCE
*DO, I, 1, NBFORCE

FORCEZ (I) =2*1
*ENDDO

/VIEW, 1, 1,1, 1
/PBC, F,, 1
/PBC, U,, 1

EPLOT

KSEL; S; KP;;2, 3
KSEL, A, KP,, 102, 103
LSLK,S, 1 $ ASLL, S, 1 $NSLA, S, 1
*GET, NMIN, NODE, 0, NUM, MIN
*GET, NBNODE, NODE, 0, COUNT
*DIM, NUMNODE,, NBNODE
*DIM, STRESS NODE,, NBNODE, 4
NUMNODE (1) =NMIN
*DO, 1, 2, NBNODE
*GET, NUMNODE (I), NODE, NUMNODE (I-1), NXTH
*ENDDO
ALLS

*DIM, NCRACK,,(NBNODE+NBNODE1+NBNODE2), 2

! BOUCLE DE LA PROPAGATION DE FISSURE

[\
o



*DO, IC, 1, NBFORCE
/SOLU

CSYS; 11

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,(2*DZ)-0.0001,(2*DZ)+0.0001
*GET, NNODE, NODE, 0, COUNT
F, ALL, FY, FORCEZ(IC)/NNODE

ALLS

NSEL, S, LOC, X, 0.0

NSEL, R, LOC, Z,-((2*DZ)-0.0001),-((2*DZ)+0.0001)
*GET, NNODE, NODE, 0, COUNT
F.ALL, FY,-FORCEZ(IC)/NNODE

ALLS

SOLVE

/POST]I

/EDGE, 1, 1 ! Afficher les elements
/DSCALE, 1, 1

PLNS, S, 1

NODE_FY=NODE (KX (1), KY (1), KZ (1))
*GET, DEPLAC UY(IC), NODE, NODE_FY, U, Y

/TITLE, MODE I, a=%l1%mm,(%nbelem%elems),F=%Forcez(ic)%n,UY=%deplac_uy(ic)%mm
/REP

*DO, 12, I, NBNODE

RSYS, 11

STRESS_NODE (12, 1)=NUMNODE(I2)

*GET, STRESS _NODE (12, 2), NODE, NUMNODE (12), FAIL, SMAX
*ENDDO

! VERIFIER SELON LES CRITERES TSAI-WU ET CONTRAINTE MAXIMALE

RSYS, 0
*DO, 13, 1, NBNODE
*IF, STRESS NODE (I3, 2), GT, 1, THEN
/PREP7
NSEL, S, NODE,, NUMNODE(I3)
NCRACK (13, 1) =NUMNODE (I3) $ NCRACK (I3, 2) =STRESS NODE (I3, 2)
CPDEL, ALL
*ENDIF
*ENDDO
ALLS

*ENDDO

! FERMER LA BOUCLE DE LA PROPAGATION DE FISSURE
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/POSTI

CSYS, 0

KSEL, S; KP,, 2,3

KSEL, A, KP,, 102, 103

LSLK, S, 1$ ASLL, S, 1 $§NSLA, S, 1
PLNS, S, TWSR

KSEL, S,KP,, 2,3

KSEL, A, KP,, 102, 103

LSLK,S,1$ ASLL, S, 1 $NSLA, S, 1
PLNS, S, MAXF

*ENDIF
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