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M ixed-Mode D elamination A nalysis of CFRP by Using
Elanent Overlgp Technique

. 1,2 .1 . . 2
Fan Xueling Sun Qin M asanori Kikuchi
(1 School of A eronautics, Northwestem Polytechnical University, Xi' an  710072)
(2 Faculty of Science and Engineering, Tokyo University of Science, Jgpan 278 - 8510)

Abstract An accurate analytical methodology © obtain strain energy release rate (SERR) along the delaminar
tion frontwas presented Thiswas achieved by using an elenent overlay method (S- FEM) combining a numerical in-
tegration of the virtual crack closure-integral technique(VCCT). VCCT was incomporated with S- FEM code o gener-
ate SERR curves for the analytical case The interfacial fracture energy can be obtained accurately based on the pres
ented method The resultswere compared with the experiments data and general FEM reaults It is shown that the val-
ues agree well with the experiments reaults for both of unidirectional and multidirectional CFRP laninates

Key words Element overlap technique, Strain energy release rate (SERR) ,V irtual crack closure-integral tech-
nique (VCCT) ,Delanination
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Fig 1 Sketch of crack problen olved by S- FBM
I— a
: U (X) re
CO

3

(3;6 u; jDiejR\ U | d) ¢ = l_J;36 Ui_ﬁ d- tG + rﬁracka ui—ECrack d- lCrack
(3)

(1 (@2 (3) S-

FBM

— 18 —

%Fa uijfjkl ukG.ld-2 + %[6 Ui(,;jDiejkl Ut,lfﬂ = I:j;é UiG_Edr ? +

rﬁmks uicrfrack d ‘Crack : gJ;é U?j h d-2 (4)

%[5 Uli_,jD{i?jklul?,ldl +§J‘6UE1DEHU;'& =

L =Crack Crack L
ou ™ d§ +%[5ui,,-hd'2 (5)

, Dia  Hooke ot
I— f; '—ﬁ:rack r (t:rack , h
(4) (5) : S- FEM
K>® KB] u { 0 b
= + + (6)
PAREEEFAEE
L u o

Aty

Reeder”
MMB ( 2
Mode Il

(MMB) Mode |

CRRP
S- FEM

ASM

&,p

s

2h

2
Fig 2 Sketch of MMB delanination test
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Fig 4 Fracture toughness under different mode mixture
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