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! BOUCLE D E LA PROPAGATION D E FISSUR E 

•DO, IC , 1 , NBFORCE 

/SOLU 

CSYS, 11 
NSEL, S, LOC, X, 0-0.001, 0+0.001 
•GET, NNODE, NODE, 0, COUNT 
F, ALL, FX, FORCEZ(IC)/NNODE 
ALLS 

SOLVE 

/POSTl 
/EDGE, 1, 1 !  Afficher le s éléments 
/DSCALE, 1 , 1 
PLNS, S, I 

NODE_FX=NODE (KX( 1 ),KY( 1 ),KZ( 1 )) 
•GET, DEPLAC_UX(IC) , NODE, NODEFX, U, X 

/TITLE, MODE-MIXTE, (%NbeIem4%elems),F=%F0RCEZ(ic)%N, UX=%DEPLAC_UX(ic)%m m 
/REP 

•DO, 12 , 1 , NBNODE 
RSYS, 11 
STRESSNODE (12 , 1 ) =NUMNODE (12) 
•GET, STRESS_NODE (12 , 2), NODE, NUMNODE (12), FAIL, TWSR 

•ENDDO 

RSYS, 0 
•DO, 13 , 1 , NBNODE 

•IF, STRESS_NODE (13 , 2), GT, 1 , THEN 
/PREP7 
NSEL, S, NODE,, NUMNODE(I3 ) 
NCRACK (13 , 1 ) =NUMNODE (13) S NCRACK (13 , 2)=STRESS_NODE(I3. 2) 
CPDEL, ALL 
•ENDIF 

•ENDDO 
ALLS 

•ENDDO 

! FERMER L A BOUCLE D E LA PROPAGATION D E FISSURE 

/POSTl 
CSYS, 0 
KSEL, S, KP„ 4, 5 
KSEL, A, KP„ 104 , 10 5 
LSLK, S , 1  S ASLL, S , 1  $ NSLA, S , I 
PLNS, S. MAXF 



0-)0 

KSEL, S, KP„ 4 , 5 
KSEL,A, KP „ 104 , 105 
LSLK, S, 1  S ASLL, S, 1  $  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, RE F 

! DETERMINER P , DE FISSURATION INITIAL E DANS LE CAS IOI2 4 DE REF. |4I&28 | 

•IF, REF , EQ, I,THE N 

/TITLE, MODE I  DETERMINER P , DE FISSURATION INITIAL E DE (REF.41) 
•AFUN, DEG 

I PARAMETRES 

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

I TYPE D'ÉLÉMENT , MATÉRIAU, CONSTANTES REELE S 

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

ET, 2, SOLID46 I  Élément du solide composite unidirectionne l 
KEYOPT, 2, 5, 2 
KEYOPT, 2, 8, 1 

I PROPRIÉTÉS DE S MATÉRIAUX D E FIBRE DE CARBONE 

I REFERENCE [41 ] 

EF1 = 137900 $EF2=1450 0 $  EF3=14500 
GFI2=5860 $GF23=586 0 $GF31=586 0 
NUF12=0.022 $NUF23=0.02 2 $NUF31=0.02 2 

MP, EX, 1 , EF 1 S  MP, E Y, 1 , EF2 S  MP, EZ, 1 , EF3 
MP, NUXY, 1 , NUF 12 S MP, NUXZ, 1 , NUF23 S  MP, NUYZ, 1 , NUF31 
MP, GXY, I,GFI 2 $MP,GXZ , I,GF2 3 $  MP, GYZ, 1 , GF31 
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MP, EX, 2, EM 1 $  MP, EY, 2, EM2 $  MP, EZ, 2, EM3 
MP, NUXY, 2, NUM 12 $ 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 
FC, 1,S , XCMP,-72 6 
FC, 1,S , YTEN , 726 
FC, 1 , S, YCMP,-726 
FC, 1,S , ZTEN , 86 
FC, 1,S , ZCMP,-8 6 
FC, 1,S , XY , 86 
FC, 1,S , YZ , 86 
FC, 1,S , XZ , 86 

Référence [28 ] 

FC,2, 
FC, 2, 
FC,2, 
FC,2, 
FC, 2. 
FC, 2, 
FC, 2, 
FC, 2, 
FC, 2, 

S, XTEN, 726 
S, XCMP,-726 
S. YTEN, 726 
S, YCMP,-72 6 
S, ZTEN, 86 
S, ZCMP,-86 
S, XY, 86 
S, YZ, 86 
S, XZ, 86 

I DEFINITION DE S COUCHES DU COMPOSIT E 

I COMPOSITE UNIDIRECTIONE L 

I PLIS D E COMPOSITE 

R, 6, 6 
RMORE 
RMORE, 1,0,0.1 , 1,0,0. 1 
RMORE, 1,0,0.1 , 1,0,0. 1 
RMORE, 1,0,0.1 , 1,0,0. 1 

I TRANSFERER D'AX E D U MODELE 

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

I CREATION DE S VOLUME S 

CSYS, 1 1 
K, 1,0,0, 0 
K, 2, L1,0,0, 0 
K, 3,L1+L2, 0 , 0 
K, 4, Ll+L2+L3,0, 0 
KGEN, 3 , 1,4 , 1,0 , 0, DZ, 10 

KGEN, 2, 1,2 , 1,0,0,0,3 0 
KGEN, 2, 1,4 , 1,0 , 0,-DZ , 40 
KGEN, 2, 1 , 4, 0, 0, 0,-(2^DZ), 50 

! Pli=l, angle=0, épaisseur=0.1, pli=2, angle=0, épaisseur=0. 1 
! Pli=3, angle=0, épaisseur=0.1, pli=4, angle=0, épaisseur=O.I 
! Pli=5, angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1 
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L, 1, 2 
L, 31,3 2 
LSEL, S , LINE,, 1,2 , 1 
LESIZE, ALL, 0,0, 1 5 
ALLS 

NSEGMENT=20 I  Région d e fissure 

L, 2, 3 
L, 32, 3 
LSEL, S , LINE,, 3, 4, 1 
LESIZE, ALL, 0, 0, NSEGMEN T 
ALLS 

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

KGEN, 2 
KGEN, 2 
KGEN, 2 
KGEN, 2 
KGEN, 2 

1,4, 1,0 , DY , 0, 100 
11, 14 , 1,0, DY, 0, 10 0 
21,24. 1,0 , DY , 0, 10 0 
31,32, 1,0 , DY,0, 10 0 
41,44, 1,0 , DY , 0, 10 0 

KGEN, 2 , 51,54, 1,0 , DY, 0, 10 0 

L, 1 , 10 1 S L, 2, 10 2 S L, 3, 103 $ L, 4, 10 4 
LSEL, S , LFNE,, 6, 9, 1 
LESIZE, ALL, 0, 0, 20 
ALLS 

L,31, 13 1 
L, 32, 13 2 
LSEL, S , LINE,, 10 , 11 , I 
LESIZE, ALL, 0, 0, 20 
ALLS 

L, 1 , 1 1 $L , 11,2 1 
L, 2, 1 2 $L , 12,2 2 
L, 3, 1 3 $L , 13,2 3 
L, 4, 1 4 $L , 14,2 4 
L, 31,41 $L , 32,4 2 
L, 3,43 $L , 43 , 53 
L, 4, 44 $  L, 44, 54 
LSEL, S , LINE,, 12,25 , 1 
LESIZE, ALL, 0, 0, 1 
ALLS 

! VOLUMES D U COMPOSIT E 

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

I Mat I ; Real 6 ; Type d'élémen t 1 ; Local 1 1 

V, 11 , 12, 112 , 111,21,22 , 122 , 12 1 
V, 12 , 13 , 113 , 112,22,23, 123 , 122 
V, 13 , 14 , 114 , 113,23,24 , 124 , 12 3 
VATT., 6 , 1 , I l 
VMESH, AL L 

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

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 , 14 3 
VATT,, 6 , 1 , I I 
VMESH, AL L 

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

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 , 15 3 
VATT,, 6 , I , I I 
VMESH, AL L 

/VIEW, 1 , 1 , 1 , I 
EPLOT 

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

! COUPLAG E 

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 
CPFNTF, ALL 
ALLS 

•GET, NBCP, CP , 0, MAX 

•GET, NBELEM, ELEM , 0, COUN T 

/TITLE, MOD E I  REFERENCE [41 ] (%NBELEM%ELEMENTS) 

! CONDITION D E BLOCAG E 

NSEL, S , LOC, X, L1+L2+L3-0.0001, LI+L2+L3+0.000 1 
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 
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KSEL, S, KP„ 2 , 3 
KSEL, A, KP„ 102 , 10 3 
LSLK, S , 1  $ ASLL, S, 1  $  NSLA, S , 1 

•GET, NMIN, NODE, 0, NUM, MIN 
•GET, NBNODE, NODE, 0, COUNT 
•DIM, NUMNODE., NBNOD E 
•DIM, STRESS_NODE „ NBNODE , 4 
NUMNODE (1)=NMI N 

•DO, 1,2 , NBNODE 
•GET, NUMNODE (I) , NODE, NUMNODE (1-1) . NXTH 

•ENDDO 
ALLS 

•DIM, NCRACK„(NBN0DE+NBN0DE1+NBN0DE2), 2 

/SOLU 

CSYS, U 
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, L-NNODE 

ALLS 

NSEL, S, LOC, X, 0.0 
NSEL, R, LOC, Z,-((2^DZ)-0.000I),-((2^DZ) +0.0001) 

•GET, NNODE, NODE, 0, COUNT 
F, ALL, FY,-1/NNODE 

ALLS 

SOLVE 

FINI 
/POSTl 
/EDGE, 1, 1 I  Afficher le s éléments 
/DSCALE, 1 , 1 
PLNS, S, 1 

•DO, 12 , 1 , NBNODE 
RSYS, 11 

STRESSNODE (12 , 1 ) =NUMNODE (12) 
•GET, STRESSNODE (12 , 2), NODE, NUMNODE (12) , FAIL, SMAX 

•ENDDO 

KSEL, S , KP„ 2 , 3 
KSEL, A, KP„ 102 , 103 
LSLK, S , 1  S  ASLL, S . 1  S  NSLA, S , 1 
PLNS, S, TWSR 
•GET, TWSR, PLNSOL , 0, MAX 

KSEL, S, KP„ 2, 3 
KSEL, A, KP„ 102, 103 
LSLK, S, I S ASLL, S, 1 S NSLA, S, 1 
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PLNS, S, MAXF 
•GET, MAXF, PLNSOL, 0, MAX 

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

l/TITLE, MOD E 1  FRACTURE , TWSR=%(TWSR)%, MAXF=%(MAXF) % 
l/REP 

•ENDIF 

! ETUD E PROPAGATIO N D E LA FISSURATION L E CAS [Oha DE REFERENC E [41 1 

•IF, REF , EQ, 2, THEN 

/TITLE, MODE 1  (DETERMINE R 'G' ) DES EPROUVETTES (REF.41 ) EN COMPOSIT E 
•AFUN, DEG 

I PARAMETRES 

Ll=50.8 
L2=20 
L3=158 
rNC=50 
DZ=0.36 
DY=25.4 

! TYPE D'ÉLÉMENT, MATÉRIAU , CONSTANTES REELE S 

ET, 1 , SOL1D46 !  Élément du solide composite de 250 plis (3 DDL) 
KEYOPT, 1,5, 2 
KEYOPT, 1,8 , 1 

ET, 2, SOLID46 I  Élément du solide composite unidirectionne l 
KEYOPT, 2, 5, 2 
KEYOPT, 2, 8, 1 

I PROPRIÉTÉS DE S MATÉRIAUX D E FIBRE DE CARBONE 

! REFERENCE [41 ] 

EFI = 137900 $EF2=1450 0 $  EF3=14500 
GF12=5860 $GF23=586 0 $GF31=586 0 
NUF12=0.022 $NUF23=0.02 2 $NUF31=0.02 2 

MP, EX, 1,EF 1 $MP , EY , 1,EF 2 $  MP, EZ, I , EF3 
MP, NUXY, I , NUF 12 S MP, NUXZ, 1 , NUF23 S MP, NUYZ, 1 , NUF31 
MP, GXY, 1,GF1 2 $MP , GXZ, 1,GF2 3 $  MP, GYZ, 1 , GF31 

MP, EX, 2, EM 1 $  MP, EY, 2, EM2 $  MP, EZ, 2, EM3 
MP, NUXY, 2, NUMI2 $  MP, NUXZ, 2, NUM23 $  MP, NUYZ, 2, NUM3I 
MP, GXY, 2, GM12 $  MP, GXZ, 2, GM23 $  MP, GYZ, 2, GM31 

FC, 1 , S, XTEN, 726 !  Référence [28 ] 
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FC, 1,S , XCMP,-72 6 
FC, 1,S , YTEN , 726 
FC, 1,S , YCMP,-72 6 
FC, 1,S , ZTEN , 86 
FC, 1,S , ZCMP,-8 6 
FC, 1,S , XY , 86 
FC, I ,S , YZ, 86 
FC, I ,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 DE S COUCHES DU COMPOSIT E 

! COMPOSITE UNIDIRECTIONE L 

! PLIS D E 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 

I TRANSFERER D'AX E D U MODELE 

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

! CREATION DE S VOLUMES 

CSYS, 11 
K, 1,0,0, 0 
K, 2, LI ,0, 0 , 0 
K, 3, Ll+L2,0, 0 
K, 4, L1+L2+L3, 0, 0 
KGEN, 3, 1,4 , 1,0 , 0 , DZ, 10 

KGEN, 2, 1,2 , 1,0,0,0,3 0 
KGEN, 2, 1,4 , 1,0 , 0,-DZ, 40 
KGEN, 2, 1 , 4, 0, 0, 0,-(2^DZ), 50 

L, 1, 2 
L, 31,3 2 
LSEL, S, LINE,, 1,2 , 1 
LESIZE, ALL, 0, 0, 15 
ALLS 
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NSEGMENT=20 

L, 2, 3 
L, 32, 3 
LSEL, S , LINE,, 3 , 4, 1 
LESIZE, ALL, 0, 0, NSEGMEN T 
ALLS 

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

KGEN, 2 , 1,4 . 1,0 , DY , 0, 10 0 
KGEN, 2 , 11 , 14 , 1,0 , DY , 0, 10 0 
KGEN, 2 , 21,24, 1,0 , DY , 0, 100 
KGEN, 2 , 31,32, 1,0 , DY , 0, 10 0 
KGEN, 2 , 41,44, 1,0 , DY , 0, 10 0 
KGEN, 2 , 51,54, 1,0 , DY , 0, 10 0 

L, 1 , 101 S L, 2, 10 2 S L, 3, 103 $ L, 4. 104 
LSEL, S , LINE,, 6 , 9, I 
LESIZE, ALL, 0, 0, 20 
ALLS 

L,31, 13 1 
L, 32, 13 2 
LSEL, S , LINE,, 10 , 11 , 1 
LESIZE, ALL, 0, 0, 20 
ALLS 

L, 1 , I l $L , 11,2 1 
L, 2, 1 2 $L , 12,2 2 
L, 3, 1 3 $L , 13,2 3 
L, 4, 1 4 $L . 14,2 4 
L, 31,41 $L , 32,4 2 
L. 3,43 $L , 43 , 53 
L, 4, 44 $  L, 44, 54 
LSEL, S , LFNE, , 12,25 , I 
LESIZE, ALL , 0, 0, 1 
ALLS 

! VOLUMES D U COMPOSIT E 

! Région d e fissuration 

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 
VMESH, AL L 

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

V, II , 12 , 112 , 111,21,22 . 122 , 121 
V, 12 , 13 , 113 , 112,22,23 , 123 , 122 
V, 13 , 14 , 114 , 113,23,24 , 124 , 12 3 
VATT,, 6 , 1,1 1 ! Mat 1  ; Real 6  ;  Type d'élément 1  ; local 1 1 
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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 , 14 3 
VATT,, 6 , 1 , I I 
VMESH, AL L 

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

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 , 15 3 
VATT,, 6 , 1 , I I 
VMESH, AL L 

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

/VIEW, 1 , 1 , 1 , I 
EPLOT 

I COUPLAGE 

KSEL, S , KP„ 2 . 3 
KSEL, A, KP„ 102 , 103 
KSEL, A, KP„ 3 , 32, 32-3 
KSEL, A, KP„ 32 , 132 , 10 0 
LSLK, S , 1 
ASLL, S , 1 
NSLA, S , 1 
CPFNTF, ALL 
ALLS 

•GET, NBELEM, ELEM , 0, COUN T 

/TITLE, MOD E I  REFERENCE [41 ] (%NBELEM%ELEMENTS ) 

I CONDITION D E BLOCAG E 

NSEL, S , LOC, X, L1+L2+L3-0.O001, L1+L2+L3+0.000 1 
D, ALL, UX , 0 
D, ALL, UY, 0 
D, ALL, UZ, 0 
ALLS 
NBF0RCE=21 
•DIM, DEPLAC_UY „ NBFORC E 
•DIM, FORCEZ, , NBFORC E 
•DO, I , I , NBFORC E 
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 , 10 3 
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LSLK, S , I  $ ASLL, S, I  $ NSLA, S , 1 
•GET, NMIN, NODE, 0, NUM, MIN 
•GET, NBNODE, NODE, 0, COUNT 
•DIM, NUMNODE,, NBNOD E 
•DIM, STRESSNODE, , NBNODE , 4 
NUMNODE (1)=NMI N 

•DO, I , 2, NBNODE 
•GET, NUMNODE (I) , NODE, NUMNODE (M), NXTH 

•ENDDO 
ALLS 

•DIM, NCRACK„(NBN0DE+NBN0DE1+NBN0DE2), 2 

I BOUCLE D E LA PROPAGATION D E FISSURE 

•DO, IC , 1 , NBFORCE 

/SOLU 

CSYS, 11 
NSEL, S , LOC, X, 0.0 
NSEL, R, LOC, Z.(2^DZ)-0.0001,(2^DZ)+O.OOOI 

•GET, NNODE, NODE, 0, COUNT 
F, ALL, FY, FORCEZ(IC)/TMNODE 

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)/NNOD E 

ALLS 

SOLVE 

FINI 
/POSTl 
/EDGE, 1, 1 !  Afficher le s éléments 
/DSCALE, I , 1 
PLNS, S, 1 

NODE_FY=NODE (K X ( I ), KY ( 1 ), KZ ( 1 )) 
•GET, DEPLAC_UY(IC) , NODE, NODEFY, U , Y 

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

•DO, 12 , 1 , NBNODE 
RSYS, 11 
STRESSNODE (12 , 1 ) =NUMNODE (12) 
•GET, STRESS_NOD E (12, 2), NODE, NUMNODE (12) , FAIL, SMAX 

•ENDDO 

I VERIFIER SELO N LE S CRITERES TSAI-WU E T CONTRAINTE MAXIMAL E 
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RSYS, 0 
•DO, 13 , 1 , NBNODE 

•IF, STRESSNOD E (13 , 2), GT, 1 , THEN 
/PREP7 
NSEL, S , NODE,, NUMNODE(I3) 
NCRACK (13 , 1)=NUMN0DE(13 ) $  NCRACK(I3, 2)=STRESS_NODE(I3, 2) 
CPDEL, ALL 
•ENDIF 

•ENDDO 
ALLS 

•ENDDO I  Fermer la boucle de la propagation d e fissure 

/POSTl 

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 INITIAL E L E CAS |(02/+45/-45)3/0|S D E REF.[41] 

•IF, REF , EQ, 3, THEN 

/TITLE, MODE I  DETERMINER P I DE FISSURATION INITIAL E (REF.41 ) 
•AFUN, DEG 

I PARAMETRES 

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

! TYPE D'ÉLÉMENT, MATÉRIAU , CONSTANTES REELE S 

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

ET, 2, SOLID46 I  Élément du solide composite unidirectionne l 
KEYOPT, 2 , 5, 2 
KEYOPT, 2 , 8, I 
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! PROPRIETES DE S MATERIAUX D E FIBRE DE CARBONE 

I Ref.[41] 

EF1=98730 SEF2=1466 0 S  EF3=14660 
GF12=5860 $GF23=586 0 $GF31=586 0 
NUF12=0.033 SNUF23=0.03 3 $NUF31=0.03 3 

! PROPRIÉTÉS D E NOYAU 

EM1=7933 SEM2=793 3 S  EM3 = 135000 
NUMI2=0.35 S  NUM23=0.35 $  NUM31=0.35 
GM12=EMl/2/(l+NUM12)$GM23=EMl/2/(l+NUM12)$GM31=EMl/2'(I+NUM12) 

MP, EX, LEF l $MP , EY , 1,EF 2 $MP , EZ , 1,EF 3 
MP, NUXY, 1 , NUF 12 $ MP, NUXZ, 1 , NUF23 S MP, NUYZ, 1 , NUF31 
MP, GXY, I,GF1 2 SMP , GXZ, 1,GF2 3 S  MP, GYZ, 1 , GF31 

MP, EX, 2. EM 1 $  MP, EY, 2, EM2 $  MP, EZ, 2, EM3 
MP, NUXY, 2 , NUM 12 $ 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 I  Référence [28 ] 
FC, 1,S , XCMP,-72 6 
FC, 1,S , YTEN , 726 
FC, 1,S , YCMP,-72 6 
FC, 1,S , ZTEN , 86 
FC, 1,S . ZCMP,-8 6 
FC, 1,S , XY,8 6 
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,-72 6 
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 DE S COUCHES D U COMPOSIT E 

I PLIS DE COMPOSIT E 

R, 6, 6 
RMORE 
RMORE, 1 , 0, 0.1, 1 , 0, 0.1 I  Pli= I, 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=O.I, pli=4, angle=-45, épaisseur=0. 1 
RMORE, 1 , 0, 0.1, 1 , 0, 0.1 I  Pli=5, angle=0, épaisseur=0.1, pli=6, angle=0, épaisseur=0.1 

R, 7, 7 
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RMORE 
RMORE, 1 , 45, 0.1, I  ,-45, 0.1 I  Pli=7, angle=45, épaisseur=0.1. pli=8, angle=-45, épaisseur=0.1 
RMORE, 1 , 0, 0.1 , 1 , 0, 0.1 I  Pli=9, angle=0, épaisseur=0.1, pli= 10, angle=0, épaisseur=0.1 
RMORE, 1,45,0.1, 1 ,-45, 0.1 I  Pli= 11, angle=45, épaisseur=0.1, pli= 12, angle=-45, épaisseur=0.1 

I TRANSFERER D'AXE  DU MODEL E 

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

I CREATION DE S VOLUME S 

CSYS, 11 
K, 1,0,0, 0 
K, 2 ,LI ,0 ,0, 0 
K, 3,L1+L2,0, 0 
K. 4, Ll+L2+L3,0, 0 
KGEN, 3, 1,4 , 1,0 , 0, DZ, 10 

KGEN, 2, 1.2 , 1,0,0,0,3 0 
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, LFNE,, 1,2, 1 
LESIZE, ALL, 0, 0, 15 
ALLS 

NSEGMENT=20 I  Région de fissuration 

L, 2, 3 
L, 32, 3 
LSEL, S, LFNE,, 3, 4, 1 
LESIZE, ALL, 0, 0, NSEGMENT 
ALLS 

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

KGEN, 2 
KGEN, 2 
KGEN, 2 
KGEN, 2 
KGEN, 2 
KGEN, 2 

1,4, 1,0 , DY , 0, 10 0 
11, 14 , 1,0 , DY , 0, 100 
21,24, 1,0 , DY , 0, 10 0 
31,32, 1,0 , DY , 0, 10 0 
41,44, 1,0 , DY , 0, 10 0 
51,54, 1,0 , DY , 0, 10 0 

L, 1,101 $ L, 2, 10 2 $ L, 3, 103 $ L, 4, 104 
LSEL, S , LINE,, 6, 9, 1 
LESIZE, ALL, 0, 0, 20 
ALLS 
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L,31, 13 1 
L, 32, 13 2 
LSEL, S , LINE,, 10 , II , 1 
LESIZE, ALL , 0,0 , 2 0 
ALLS 

L, I , 1 1 $L , 11,2 1 
L, 2, 1 2 SL , 12,2 2 
L, 3, 1 3 $L , 13,2 3 
L, 4, 1 4 $L , 14,2 4 
L. 31,41 $L , 32,4 2 
L, 3,43 $L , 43,5 3 
L, 4, 44 $  L, 44, 54 
LSEL, S , LINE,, 12,25 , 1 
LESIZE, ALL, 0, 0, 1 
ALLS 

I VOLUMES D U COMPOSIT E 

V, 1,2 , 102 , 101 , U , 12 , 112 , II I 
V, 2, 3, 103 , 102 , 12 , 13 , 113 , 112 
V, 3,4, 104 , 103 , 13 , 14, 114 , 113 
VATT,, 6 , 1 , 11 
VMESH, AL L 

I Mat 1 ; Real 6 ; Type d'élément 1  ; Local 1 1 

V, 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 , 12 3 
VATT,, 7 , 1 , U 
VMESH, AL L 

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

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 , I , 11 
VMESH, AL L 

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

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 , 15 3 
VATT,, 7 , 1 , I l 
VMESH, AL L 

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

/VIEW, I , I , I , 1 
EPLOT 

I COUPLAG E 

KSEL, S , KP„ 2 , 3 
KSEL, A, KP „ 102 , 10 3 
KSEL, A, KP„ 3 , 32, 32-3 
KSEL, A, KP„ 32 , 132 , 100 
LSLK, S , 1 
ASLL, S , 1 
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NSLA, S, 1 
CPINTF, ALL 
ALLS 

•GET, NBELEM, ELEM , 0, COUNT 

/TITLE, MOD E 1  FRACTUR E (%NBELEM%ELEMENTS ) 

I CONDITION D E 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 , I , 1 , I 
/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,, NBNOD E 
•DIM, STRESS_NODE„ NBNODE, 4 
NUMNODE (1)=NMI N 

•DO, 1,2 , NBNOD E 
•GET, NUMNODE (1) , NODE, NUMNODE (1-1) , NXTH 

•ENDDO 
ALLS 

•DIM, NCRACK„(NBN0DE+NBN0DEI+NBN0DE2), 2 

/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, 1/NNOD E 

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 

/POSTl 
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/EDGE, 1, 1 !  Afficher le s éléments 
/DSCALE, 1 , 1 
PLNS, S, X 

*D0, 12 , 1 , NBNODE 
RSYS, 11 

STRESS_NODE (12, 1)=NUMN0DE(I2 ) 
•GET, STRESSNODE (12 , 2), NODE, NUMNODE (12) , FAIL, SMAX 

•ENDDO 

KSEL, S, KP„ 2, 3 
KSEL, A, KP„ 102, 103 
LSLK, S, I $ 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=%(I/TWSR)%N, Pccm=%(l/MAXF)% N 
/REP 

l/TITLE, MOD E I  FRACTURE, TWSR=%(TWSR)%, MAXF=%(MAXF)% 
l/REP 

•ENDIF 

! ETUD E PROPAGATION D E LA FISSURATION L E CAS [(02/+45/-45)3/0| s D E REF.|411 

•IF, REF, EQ, 4, THEN 

/TITLE, MODE I  DE RUPTURE DES EPROUVETTES (REF.28&4I) E N COMPOSITE 
•AFUN, DEG 

I PARAMETRES 

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

! TYPE D'ÉLÉMENT, MATÉRIAU , CONSTANTES REELE S 

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

ET, 2, SOL1D46 !  Élément du solide composite unidirectionne l 
KEYOPT, 2 , 5, 2 
KEYOPT, 2 , 8, 1 

I PROPRIÉTÉS DE S MATÉRIAUX D E FIBRE DE CARBONE 

I Référence [41 ] 

EF1=98730 $EF2=I466 0 $  EF3=14660 
GFl 2=5860 $GF23=586 0 $GF31=586 0 
NUF12=0.033 $NUF23=0.03 3 $NUF31=0.03 3 

! PROPRIÉTÉS D E NOYAU 

EM1=7933 $EM2=793 3 SEM3=13500 0 
NUM12=0.35SNUM23=0.35$NUM31=0.35 
GM12=EMl/2/(l+NUM12)$GM23=EMl/2/(l+NUM12)$GM31=EMl/2/(l+NUM12) 

MP, EX, I,EF 1 $MP , EY, I,EF 2 $MP , EZ, 1,EF 3 
MP, NUXY, I , NUF 12 S MP, NUXZ, 1 , NUF23 S MP, NUYZ, I , NUF31 
MP, GXY, 1,GF1 2 $MP , GXZ, I,GF2 3 $  MP, GYZ, 1 , GF31 

MP, EX, 2, EMl $MP , EY, 2, EM2 $  MP, EZ, 2. EM3 
MP, NUXY, 2, NUM 12 $ MP, NUXZ, 2, NUM23 $ MP, NUYZ, 2, NUM3I 
MP, GXY, 2, GMI2 $  MP, GXZ, 2, GM23 $  MP, GYZ, 2, GM31 

FC, 1 , S, XTEN, 726 !  Référence [28 ] 
FC, I , S , XCMP,-726 
FC, 1,S , YTEN , 726 
FC, I ,S , YCMP,-72 6 
FC, 1 , S, ZTEN, 86 
FC, 1,S , ZCMP,-8 6 
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 

I DEFINITION DE S COUCHES DU COMPOSIT E 

I PLIS DE COMPOSIT E 

R, 6, 6 
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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=l I , angle=45, épaisseur=0.1, pli=I2, angle=-45, épaisseur=O.I 

! TRANSFERER D'AX E DU MODEL E 

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

I CREATION DE S VOLUME S 

CSYS, I I 
K, 1,0,0, 0 
K, 2, L1,0,0, 0 
K, 3,L1+L2,0, 0 
K, 4, Ll+L2+L3,0, 0 
KGEN, 3 , 1,4 , 1,0 , 0 , DZ, 1 0 

KGEN, 2, 1,2 , 1,0,0,0,3 0 
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 , I 
LESIZE, ALL, 0, 0, 1 5 
ALLS 

NSEGMENT=20 !  Région de fissuration 

L,2,3 
L, 32, 3 
LSEL, S , LFNE,, 3, 4, 1 
LESIZE, ALL, 0, 0, NSEGMEN T 
ALLS 

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

KGEN, 2, 1,4 , 1,0 , DY , 0, 10 0 
KGEN, 2 , 11 , 14, 1,0 , DY , 0, 10 0 
KGEN, 2 , 21,24, 1,0 , DY, 0, 10 0 
KGEN, 2, 31,32, 1,0 , DY, 0, 10 0 
KGEN, 2 , 41,44, 1,0 , DY , 0, 10 0 
KGEN, 2, 51,54, 1,0 , DY , 0,100 
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L, 1,101 $ L, 2, 10 2 $ L, 3, 103 $ L, 4, 104 
LSEL, S , LINE,, 6 , 9, 1 
LESIZE, ALL, 0,0, 2 0 
ALLS 

L,31, 13 1 
L, 32, 13 2 
LSEL, S , LINE, , 10 , 11 , 1 
LESIZE, ALL , 0,0, 2 0 
ALLS 

L, 1 , 11 $L , 11,2 1 
L, 2, 1 2 $  L, 12,2 2 
L, 3, 1 3 $L , 13,2 3 
L, 4, 1 4 $L , 14,2 4 
L, 31,41 $L , 32,4 2 
L, 3,43 $L , 43,5 3 
L, 4, 44 $  L, 44, 54 
LSEL, S , LINE,, 12,25 , 1 
LESIZE, ALL , 0, 0, 1 
ALLS 

! VOLUMES D U COMPOSIT E 

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

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

V, 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 , 12 3 
VATT,, 7 , 1 , I l 
VMESH, AL L 

I Mat I  ; Real 7 ; Type d'élément 1  ; local 1 1 

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 , 14 3 
VATT,, 6 , 1 , 11 
VMESH, AL L 

V,41,42, 142 , 141,51,52 , 152 , 151 
V, 42, 43, 143 , 142,52,53 , 153 , 15 2 
V, 43,44, 144 , 143,53,54 , 154 , 15 3 
VATT,, 7 , 1 , 11 
VMESH, AL L 

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

I Mat 1 ; Real 7 ; Type d'élément 1 ; local 1 1 

/VIEW, I , 1 , 1, 1 
EPLOT 

I COUPLAGE 
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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, NbCP, CP , 0, MAX 

•GET, NBELEM, ELEM , 0, COUNT 

/TITLE, MOD E I  FRACTURE (%NBELEM%ELEMENTS ) 

I CONDITION D E BLOCAG E 

NSEL, S , LOC, X, L1+L2+L3-0.000I , L1+L2+L3+0.000 I 
D, ALL, UX, 0 
D, ALL, UY, 0 
D, ALL, UZ, 0 
ALLS 
I FORCES APPLIQUEE S 

NBF0RCE=16 
•DIM, DEPLAC_UY, NBFORC E 
•DIM, FORCEZ, , NBFORCE 
•DO, I , 1 , NBFORCE 
FORCEZ (I) =2^1 

•ENDDO 

/VIEW, 1 , 1 , 1 , 1 
/PBC, F„ I 
/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,, NBNOD E 
•DIM, STRESSNODE,, NBNODE , 4 
NUMNODE (1)=NM IN 

•DO, I , 2, NBNODE 
•GET, NUMNODE (I) , NODE, NUMNODE (I-l) , NXTH 

•ENDDO 
ALLS 

•DIM, NCRACK„(NBN0DE+NBN0DE1+NBN0DE2), 2 

I BOUCLE D E LA PROPAGATION D E FISSURE 
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•DO, IC, I , NBFORCE 

/SOLU 

CSYS, I l 
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)/NNOD E 

ALLS 

SOLVE 

/POSTl 
/EDGE, 1, 1 !  Afficher le s éléments 
/DSCALE, I , 1 
PLNS, S, I 

NODE_FY=NODE (KX (1) , KY (1), KZ (1)) 
•GET, DEPLAC_UY(1C) , NODE, NODE_FY, U, Y 

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

•DO, 12 , 1, NBNODE 
RSYS, 11 
STRESS_NODE(12, 1)=NUMN0DE(I2 ) 
•GET, STRESS_NODE (12 , 2), NODE, NUMNODE (12) , FAIL, SMAX 

•ENDDO 

I VERIFIER SELO N LE S CRITERES TSAI-WU E T CONTRAINTE MAXIMAL E 

RSYS, 0 
•DO, 13 , 1, NBNODE 

•IF, STRESSNOD E (13 , 2), GT, 1 , THEN 
/PREP7 
NSEL, S , NODE,, NUMN0DE(I3 ) 
NCRACK (13 , 1 ) =NUMNODE (13) $ NCRACK (13 , 2) =STRESS_NODE (13 , 2) 
CPDEL, ALL 
•ENDIF 

•ENDDO 
ALLS 

•ENDDO 

! FERMER L A BOUCLE D E LA PROPAGATION D E FISSURE 
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/POSTl 

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 



LISTE DE RÉFÉRENCES BIBLIOGRAPHIQUE S 

[I] J . F . Pratte , J . M . Bai , an d D . Leach , 2005 . "Thermoplasti c fabri c reinforce d 
composites wit h polyetherketoneketon e (PEKK ) matrix, " i n SAMPE  Fall  Technical 
Conférence (37th  ISTC) Seattle: ISBN. 

[2] D . Gan . W . Cao , C . Song , an d Z . Wang , 2001 . "Mechanica l Propertie s an d 
morphologies o f polyetherketoneketone/glas s fibers/mic a temar y composites, " 
Materials Letters,  vol . 51, pp. 120-124 . 

[3] R . E . Shalin , "Polyme r Matri x Composites . 1995 . "  i n Soviet  advanced  technology 
séries. 

[4] C . Bathias and al. , "Matériau Composites, 2005. " Dunod ed Paris, p. 418. 

[5] J . M . Berthelot . "Matériau x Composites , 1992 . "  i n lSSN:0992-5538,  Masso n ed , 
ISBN:2-225-82588-2, Ed . Paris, p. 619. 

[6] R . F . Gibson, 1994 . "Principle s o f Composit e Materia l Mechanics, " Ne w York : M e 
Graw-Hill, p. 425. 

[7] D . Ga y an d S . V . Hoa , 2007 . Composite  Materials  Design  and  Applications,  CR C 
Press ed. New York . 

[8] H . E . Gascoigne an d M . G. Abdallah , 1990 . "Strai n analysi s o f a  bonded, dissimilar , 
composite materia l T-join t usin g moir e interferometry, " Optics  and  Lasers  in 
Engineering, vol . 13 , pp. 155-165. 

[9] P . B . Stickler , M . Ramulu , an d P . S . Johnson , 2000 . "Expérimenta l an d numerica l 
analysis o f transvers e stitche d T-joint s i n bending, " Composites  Structures,  vol . 50 , 
pp. 17-27 . 

[10] P . B . Stickle r an d M . Ramulu , 2001 . "Investigatio n o f mechanica l behaviou r o f 
transverse stitche d T-joint s wit h PR52 0 resi n i n flexure  an d tension. " Composites 
Structures, vol . 52, pp. 307-314. 

[II] P . B . Stickle r an d M . Ramulu , 2002 . "Parametri c analyse s o f stitche d composit e T -
joints by the finite élément method," Materials  &  Design, vol . 23. pp. 751-758. 

[12] T . Helmuth an d L . Aage, 2004. "Desig n an d tes t o f lightweigh t sandwic h T-join t fo r 
naval ships, " Composites, vol . Part A, pp. 1-11 . 



246 

[13] I . Kimpara , K . Kageyama , an d K . Kageyama , 1998 . "Hierarchica l layerwis e higher -
order finite  élément s fo r laminate d composite, " Design  and  manufacturing  of 
composites, vol . Second joint Canada-Japan workshop on composites, pp. 191-198 . 

[14] S . D. Owens and al. , 2000. "Tension pull-off and shear test methods to characterize 3-
D textil e reinforce d bonde d composit e Tee-joints, " Composites  Structures:  Theory 
and Practice, pp . 398-409. 

[15] A . A. Griffith, 1920 . "The Phenomena o f Rupture an d Flow in Solids." Philosophical 
Transactions ofthe  Royal  Society, vol. 221 A, pp. 163-198. 

[16] G . R. Irwin, 1949 . "Fracturing of Metals," American Society  of  Metals, pp. 147-166 . 

[17] G . R . Irwin , 1957 . "Analysi s o f Stresse s an d Strain s Nea r th e En d o f a  Crac k 
Traversing a  Plate, " Transactions  ofthe  ASME:  dournal  of  Applied Mechanics,  vol . 
24, pp. 361-364. 

[18] E . F . Rybick y an d M . F . Kanninen , 1977 . " A Finit e Elémen t Caculatio n o f Stres s 
Intensity Factor s b y a  Modifie d Crac k Closur e Intégral, " Engineering  Fracture 
Mechanic, vol . 9, pp. 931-938. 

[19] I . S . Raju, 1987 . "Calculation o f Strain Energ y Releas e Rate s with Highe r Orde r an d 
Singular Finis Eléments," Engineering Fracture Mechanic,  vol . 28, pp. 251-274. 

[20] D . J . Nicholle s an d J . P . Gallacher , 1991 . "Déterminatio n o f d e i n Angl e Pl y 
Composites Usin g a  Cantileve r Bea m Tes t Method, " Delamination  in  Advanced 
Composite, pp . 164-179 . 

[21] E . F . Rybicky an d al. , 1991 . "Mode I  and Mixe d Mod e Energ y Releas e Rat e Value s 
for Delaminatio n o f Graphite/Epox y Tes t Spécimens, " Delamination  in  Advanced 
Composite, vol . Technomic Publihing Co.Inc, pp. 215-233. 

[22] E . K . Pau l an d al. , 1991 . "Mode 1  Interlarminar Fractur e Toughnes s o f Composite s 
Using SIende r Doubl e Cantilevere d Bea m Spécimens, " Delamination  in  Advanced 
Composite, vol . Technomic Publishin g Co . Inc. , pp. 181-203 . 

[23] L . A . Carlsso n an d al. , I99I . "O n th e Analysi s an d Desig n o f th e En d Noteche d 
Flexure (ENF ) Spécime n fo r Mod e I I Testing, " Delamination  in  Advanced 
Composite, vol . Technomic Publishin g Co . Inc., pp. 204-214. 

[24] A . J . Smile y an d R . B . Pipes , 1986 . "Rat e effect s o n mod e I  interlamina r fractur e 
toughness i n composit e materials, " Delamination  in  advanced  composites,  pp . 319 -
335. 



247 

[25] S . P . Timoshenko an d J . N . Goodie , 1951 . "Theory o f Elasticity, " i n 2d  Ne w York : 
Me Graw-Hill, Inc. 

[26] S . P . Timoshenk o an d D . H . Young , 1962 . "Elément s o f Strengt h o f Materials, " 
fouths Editions ed New Jersey: D. Van Nostrand Company , Inc . 

[27] P . J . Mingue t an d al. . 2002 . "Fatigu e Lif e Methodolog y fo r Bonde d Composit e 
Skin/Stringer Configuration, " dournal  of  Composites  Technology  &  Researche, 
dCTRER, vol . 24, pp. 308-331. 

[28] P . J . Mingue t an d al. , 2002. "Strength an d Fatigu e Lif e Modelin g o f Bonde d Join t i n 
Composite Structure, " dournal  of  Composites  Technology  &  Researche,  dCTRER, 
vol. 24, pp. 190-210 . 

[29] R . Talreja. 1986 . "Fatigue of Composite Materials , Analysis, Testing and Desig n " , I. 
P. B. Technomic Publishin g Co. , Ed. Lancaster . 

[30] M . M. Sohi , H. T. Hahn, and J. G. Williams, 1987 . "The effect o f resin toughness and 
modulus o n compressiv e failur e mode s o f quasi-isotropi c graphite/epox y laminâtes, " 
Toughened Composites,  ASTM STP 937,  pp. 37-60. 

[31] T . K . O'Brien , 1985 . "Analysi s o f loca l delamination s an d thei r influenc e o n 
composite laminate behavior."  Delamination and  Debonding of  Materials, ASTM STP 
876, pp. 282-297. 

[32] J . M. Whitney an d M . Knight , 1985 . "A modified free-edg e delaminatio n spécime n " 
Delamination and  Debonding of  Materials, ASTM STP 876,  pp. 298-314. 

[33] A . A . Aliy u an d I . M . Daniel , 1985 . "Effect s o f strai n rat e o n delaminag e fractur e 
toughness of graphite/epoxy," Delamination  and  Debonding of  Materials, ASTM STP 
876, pp. 336-348. 

[34] J . M. Whitney, C. E. Browning, and W . Hoogsteden, \99\.  A  double  cantilever  beam 
test for characterizing  mode  1 delamination of  composite materials,  Newaz , G. M. ed. 
Lancaster: Technomic Publishin g Company . 

[35] K . S . Ki m an d C . S . Hong , 1991 . Delamination  growth  in  angle-ply  laminated 
composites, Newaz , G. M. ed. Lancaster: Technomic Publishing Company . 

[36] S . Mail , G . E . Law , an d M . Katouzian . 1991 . Loading rate  effect  on  interlaminar 
fracture toughness  of  a  thermoplastic  composite,  Newaz , G . M . ed . Lancaster : 
Technomic Publishing Company . 

[37] H . M . Westergaard , 1939 . "Bearin g Pressure s an d Cracks, " Transactions  of  the 
ASME: dournal  of  Applied Mechanics,  vol . 61, pp. A49-A53. 



248 

[38] A . Bazergui , T . B . Quoc , A . Biron , G . Mcintyre , an d C . Laberge , 1985 . Résistance 
des matériaux. Édifion s d e l'École polytechnique de Montréal ed . Montréal . 

[39] P . H . Hoan g an d A . D . Ngo , 2008 . "Behavio r o f laminate d fiber  composit e T-join t 
under we b pull-of f stati c tensil e loadin g usin g finite-element  analysi s "  Design, 
manufacturing and  application  of  composites,  vol . Sevent h join t Canada-Japa n 
workshop on composites, pp. 207-214. 

[40] T . K . O'Brien , N . J . Johnston , 1 . S. Raju , D . H . Morris , an d R . A . Simonds , 1987 . 
"Comparisons o f Variou s Configuration s o f th e Edd e Delaminatio n Tes t fo r 
Interlaminar Fractur e Toughness, " Toughened  Composites,  ASTM  STP  937,  pp. 199 -
221. 

[41] R . L. Ramkumar an d J . D. Whitcomb, 1985 . "Characterization o f Mode I  and Mixed -
Mode Delaminatio n Growt h i n T300/520 8 Graphite/Epoxy, " Delamination  and 
debonding of  materials, pp . 315-335. 

[42] L . A . Carlsso n an d R . B . Pipes , 1987 . "Expérimenta l Characterizatio n o f Advance d 
Composite Materials, " New  Jersey: Prentice-Hall, Inc., p. 197. 

[43] A . Szekrenyes , 2006 , "Overvie w o n th e expérimenta l investigation s o f th e fractur e 
toughness in composite materials," Budapest , p. 19. 

[44] Ansys*^ , 1997. "Ansys Basic Analysis Procédure Guides release 5.4," Ansys. 

[45] Ansys , 1989 . "Composit e Structure s a  Revisio n 4. 4 Tutorial. " Swanso n Analysi s 
Systems, Inc. 

[46] K . J . Bathe , 1982 . Finite  élément  procédures  in  engineering  analysis,  Jame s M . 
Chege ed. New Jersey: Prentice-Hall, Inc. , Englewood Cliffs . 

[47] N . A. Dung, 1989 . "Effect o f Liquid Absorption on the Fafigue Behaviou r o f Random 
Fiber Shee t Moldin g Compounds, " i n Department  of  Mechanical  Engineering 
Montréal: Concordia University , p. 217. 

[48] H . Champliaud , 2000 . "Analys e pa r élément s finis  d u sertissag e d e capsule s 
d'étanchéité," i n Département  de  génie  mécanique  Montréal : Écol e d e Technologi e 
Supérieure, Université du Québec, p. 261. 

[49] L . V . Ngan , 1997 . "Conceptio n e t Analys e de s Assemblages, " i n Notes  de  cours, 
Département de  génie  mécanique  Montréal : Écol e d e Technologi e Supérieure , 
Université du Québec. 



249 

[50] Z . Asla n an d M . Sahin , 2009 . "Bucklin g behavio r an d compressiv e failur e o f 
composite laminâte s containing multipl e larg e delaminations," Composite  Structures, 
vol. 89, pp. 382-390. 

[51] F . Taheri, M . Nagaraj, an d P . Khosravi , 2009 . "Bucklin g respons e o f glue-laminate d 
columns reinforce d wit h fiber-reinforced  plasti c sheets, " Composite  Structures,  vol . 
88, pp. 481-490. 


