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Abstract: Failure analysis of composite structural interface is helpful in composite integrative structure detail de-
sign. It is necessary to study failure simulation problem of interface. Numerical finite element modeling tech-
niques and failure analysis methods for integrated composite bonding interface are studied. Different simulation
techniques and failure models are adopt for different bonding interfaces, For laminate failure, damage energy
criterion is added to Tsai-Hill criterion. Multi-criterion based on stress, strain and damage energy is proposed
for interface, It is shown that the research in this paper can provide a quick, simple and relatively accurate engi-
neering utilizable analysis method for integrated composite structure design,

Key words: bonding interface of composite; finite element; modeling techniques; failure model; interface prop-

erty parameters

0 3

&R EMERA BT R, BRI
BA BHERENERBE. RER ST HE
ELZRRRNE, AR SN ERES 4
Y B SR A U G O — K, T S 3 (B AL B
BEEAERTER SRS HKRETEF
BAARE, REEMEERWRES NI BE

I}

8 B8 :2013-07-01; fEE HHP:2013-09-12
EE&MA HiEHF2E£(20120923002)
BEEEE KM A ,zhangaying@ hotmail. com

3t (5] AL B St B AL A R AL, S0 A2 254 R Y
LSRG AN . BRARSEHTE TR &
S B R AN LR R B T AE B AT A B 554
Ui, B 2R » [ g K W R R 2 4 o o LA

HEEMHEMAERESHT T EEEZSHE
BAMLEHBOTLAMARNE ZRE. Za0H
SaREA R, 8 T IR H KRB K
BB T A — R B AR N BT &,
SEA B SRR, FEAT IR A O XA B
RRRATT,

WRIESE A5 R RE/ 8 St K B B T
AANEBERBTMEBERKAIT. FBRGH AT
R HE SRS 5 BB SR 2 A5 T A



510 METEAR

B4

AT CRL LA BT U)o B AR 2K 45 49 B 50 2 0 A AR 45
MRRESEMMAERASK, EEBRT,.ZE
5K MR B8R AR R AR, B E Z
AMERBA;EHYEREARBEMN, ZEE5K
Mz B R EA BT,

AICE M E AR RS S R EET AR
TUEEBE L 2R R4 B P R BT, R A ABAQUS®
R AL BR T 43 B kR, @B 5 kb B T R AR
T IT. T I, R B4 5 P R 1AL (Cohe-
sive J6) \USDFLD B & L AN, 3 & 2 R [F
BT & T A R B iR A R S L,
FEIR BT R A7 BEAR VIR RE I 2 R AHN 4R K
HEBIE AR RS R S SR bt ki
Bl b AL R A R BRI .

1 FEEIER

1.1 Cohesive JT

Cohesive AL F E AR UL HHMES . E
AEHHAEBRRBEIRY . Cohesive HITH AT
H—F 5| — 4 BEHE K (Traction-Separation) 1 E
1. AMRRAME LA BFKS Cohesive BT
HILRBPEFT R, T B BE /R Cohesive 2870 B NIl BE
BB EEYEE.

YRGS
(L= — — —

3]0

SRR

0 828080 37(67.6])

SHE

B1 #25-2EEXTHABKXER

Fig.1 Constitutive relation of traction-separation
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Table 1 Stiffness reduction scheme of unidirectional lamina
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Table 2 Stiffness reduction scheme of bonding interface
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Fig.5 Finite element model of stiffened panel
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Fig. 6 Simulation nephogram of T unit under
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Table 3 Failure load results comparison between

test and simulation of T unit
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1 4,308 3.782 —12
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Fig. 7 Damage variable nephogram of bonding

interface of stiffened panel

oA AR G 07 AR A B A R — el 1 AR 4R
WK 8 B, BTN 320 kN Wik, X5
REERTLY A BEIR MK B E K 485. 3
KN, B TiRBE R 470 kN,iR%EH 3.3%.,



514 iz TRHER B4k
4r - al. The effect of defects on the performance of post-buckled
5L :%%E%%ﬁ CFRP stringer-stiffened panels[]J]. Composites Part A: Ap-

WNAE/107

BN
B8 AnAHAR L AR W B R R — AR R
Fig.8 Load-strain curve of center measurement

point of stiffened panel

5 & it

(D X FREZRpEMANEERLAT, BUCR
FFER A T4 & Cohesive JUR B LA H K 30
B, B B IR AT .

(2) MFEERE AT, FICRARILS &1 F
HiETTR G #EE, 458 USDFLD B E XL RS
% P BE I U8R, SR S0 BE B 28 B TR T 5 B A IR
BE RN R R, I B e IR A .

(3) AREWE TR A HEIRGERNZ
RRBABBEAZB T, R A T ERER
RGBSR SABRMEY S HT.

B 3k

[1] Hibbitt, Karlsson, Sorensen. ABAQUS analysis user’s manual
[M]. Version 6. 8. Rhode Island; Pawtucket, 2008.

(2] BRAAA. EAWRBITFMIMIL b5 S Tk i R4,
1990.

Chen Shaojie. Composite design manual[M]. Beijing: Avi-
ation Industry Press, 1990. (in Chinese)

[3] H Hosseini-Toudeshky, B Mohammadi, B Hamidi, et al.
Analysis of composite skin/stiffener debonding and failure
under uniaxial loading[J]. Composite Structure, 2006, 75;
428-436.

[4] Broughton W R, Hinopoulos G. Evaluation of the single-
lap joint using finite element analysis[R]. Project PAJ3-
Combined Cyclic Loading and Hostile Environments 1996-
1999 Report No. 15, London: 1999.

[5] Jeff W H Yap, Murray L Scott, Rodney S Thomson, et al.
The analysis of skin-to-stiffener debonding in composite aer-
ospace structures[ J]. Composite Structures, 2002, 57 (1/
4): 425-435.

[6] Emile Greenhalgh, Charlotte Meeks, Andrew Clarke, et

plied Science and Manufacturing, 2003, 34(7). 623-633.

(7] BEE. REVESEGHRFRIMIL Ju.: dETLHKR
i, 2004,

Chen Xiangbao. Polymer composite manual[ M]. Beijing:
Chemistry Industry Press, 2004. (in Chinese)

[8] MIL-HDBK-17F Composite materials handbook: Volume 3 —
Polymer matrix composites usage, design, and analysis[ M].
United States: Department of Defense Handbook, 1997.

[9] Standard test method for mode I interlaminar fracture tou-
ghness of unidirectional fiber-reinforced polymer matrix
composite[ S]. ASTM D5528-01, United States; American
Society for Testing and Materials, 2001.

[10] HEAREMEME TLIRE RAEEEGHHESKR ]

B2 18] o S B O 9k (S, TIB7402-96, Jb3X: B EAL
HEITRHAAFE=0O—FF MR, 1997.
Aviation Industry Standard of China. Test method for mode T
interlaminar fracture toughness of carbon-reinforced composite
laminates[ S]. HB7402-96, Beijing: 301 Institute, Aviation In-
dustry Corporation of China, 1997. (in Chinese)

[11] HEAREMEME TLIiRE. REEESHHESRI

216 o S B O 9k (S, TIB7403-96, Jb3X: B EAL
HEITRHAAFE=0O—FF MR, 1997.
Aviation Industry Standard of China. Test method for mode II
interlaminar fracture toughness of carbon-reinforced composite
laminates[ S]. HB7403-96, Beijing: 301 Institute, Aviation In-
dustry Corporation of China, 1997. (in Chinese)

[12] Standard test method for through-thickness“flatwise”tensile
strength and elastic modulus of a fiber-reinforced polymer
matrix composite materials[S]. ASTM D7291-07, United
States: American Society for Testing and Materials, 2007.

[13] Standard test method for measuring the curved beam stren-
gth of a fiberreinforced polymer-matrix composite [ S].
ASTM D6415-99, United States: American Society for
Testing and Materials, 1999.

[14] Standard test method for shear properties of composite ma-
terials by v-notched rail shear method[S]. ASTM D7078M-
05, United States; American Society for Testing and Mate-
rials, 2008.

[15] Standard test method for strength properties of adhesives in
shear by tension loading of ingle-lap-joint laminated assem-
blies[S]. ASTM D3165-07, United States; American Soci-
ety for Testing and Materials, 2007.

fEE®IT:
HETE (1963 —), %, WA TR, LEBI I ML &4
SHBREAH SR

(%D F)





