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Fig.1 Configuration of composite laminates with a elliptical delamination
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Fig.2 Schematic of delamination front region
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Fig.5 Flow chart for delamination growth
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5 HEHEMNSHERSWH

REZFHEEEGI (02/902)ss, KER A 2L = 2W = 100mm, B ZEEEH 0.127mm; 442
RLBEHN b =hH=4/32, #5EHEASIEHHEERERE 1 =a/b=1/2, 1,2 (RAEHEF
FHEEESR); AR KA L E X E N3 4BR 42 5EA:

(1) e = 15mm, b = 15mm, (2) a = 30mm, b = 30mm, (3) ¢ = 15mm, b = 30mm, (4)
a = 30mm, b = 15mm.

B AR Hon 1

E1 = 134.0 GPa, Ez = E3 = 10.2 GPa, G12 = G13 = 5.92 GPa,
Gas =3.43GPa,  pyp = s = 0.3, paz = 0.49

SEVBEKERK (10) AHE, £S3HIH8A: k=008, G. =200J/m?, Ae = 0.1mm,
n = 32013],

ENEVERIES, EHEKNRSMNET, DERSETVERSXBHK TV BAHERR
i, M SBRESHAARRBETR. AXAFFELER, FEETHARRET R, HELSE
Wedly AT BARESBESOM 45mm W& IEHE.

5.1 5B REHE

ZIFHTARSERTTHEREY REFBET BHEAELNE, /6 FLAHT
ARY B BESRIEFTLME. NPATUED, Y4 BRETREY BN, WEYTHER
ERBERERE, FEFHESREATERTE.

®1 TRASERITOBREI RETHREV RHENERNT
Table 1 Axial compressive strain of growth initiation and unstable
growth of composites with various delamination size

Delamination . . . .
Axial compressive Axial compressive

size Boundary . . EGI —EUG
. strain of growth strain of unstable
axb condition . (%)
initiation e (%) growth ey (%)
(mmxmm)

15 x 15 c* 0.230 0.320 0.090
15 x 15 S** 0.210 0.270 0.060
30 x 30 c 0.176 > 0.364*** > 0.188*""
30 x 30 S 0.160 0.316 0.156
15 x 30 c 0.270 0.312 0.042
30 x 15 C 0.200 0.320 0.120

* C: all clamped boundary edges

** §: all simply supported boundary edges
*** It is unknown that the current growth is stable growth or not because caculation is stopped. Therefore,

it is predicted that the axial compressive strain of unstable growth is greater than or equal the current axial
compressive strain.

HEE 6 FETHLILHYBMETANLBTD, HOBWEBRE v =0 BHEH I
R, ZRPHTFHRABEMSERANESR, FRAMENBBRMK/N A, K98
BEZEMLMERETY R, X—-FR5RBRWEL Sy 10,
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Fig.6 Delamination front in the various growth stage
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1. £ =0.230%, 2. € = 0.240%, 3. ¢ = 0.260%, 4. € = 0.280%, 5. ¢ = 0.300%, 6. £ = 0.310%, 7. € = 0.320%

1. £ =0.200%, 2. £ = 0.240%, 3. ¢ = 0.280%, 4. ¢ = 0.320%, 5. ¢ = 0.340%, 6. € = 0.360%, 7. ¢ = 0.364%

(d) £=0.288%

7 axb=30mmx15mm, MABE ¥ (REWE 1/4, RBHX 5 #)

(A quarter of structure is plotted and displacements multiplied by 5)

)
g

Fig.8 Distribution of strain energy release rate for various delamination growth stage
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Fig.8 Distribution of strain energy release rate for various delamination growth stage (continued)
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5.3 MFRENFRY ROER

WEE 6(a) 1 6(c) . 6(b) f16(d) TRM, FWMAREHKHT, BARSEY BT ABMK
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BARBAES.
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DELAMINATION GROWTH IN COMPOSITE LAMINATES

Sun Xiannian Chen Haoran Su Changjian Liu Xiangbin
(State Key Laboratory of Structural Analyssis of Industrial Equipment, Dalian 116023, China)

Abstract Under compressive load, delaminated composite plates may undergo postbuckling that
can lead to delamination growth. The Mindlin plate finite element is used to analysis delamination
growth in composite laminates with an elliptical delamination. The total strain energy release
rate, which is used as the criteria of delamination growth, is calculated with the aid of the virtual
crack closure technology (VCCT). The delamination growth behavior is modeled with self-adaptive
grid moving technology and considering contact effect at the delamination front. The main issue
concerns the effect of the delamination shape and the boundary condition on the delamination
growth behavior. The results show that the delamination growth behavior is affected significantly
by the shape of delamination.

Key words nonlinear, finite element method, buckling, delamination damage
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