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Abstract: The mode I interlaminar fracture to ,, composne laminates with epoxy interleaf was st n
the double cantilever beam (DCB) tests. rittl@ able and stable delaminations were observed i s mens

with and without interleaf respectively.

relation between strain energy release gt
b

unstable crack growth. based on dynamic fracture 4nics, the

and the change of kinetic energy was analyzed. A stati@iulation method

O
for dynamic crack growth was which transformed the change of kinetic energ Be change of input
fracture toughness (G ) ~G lculated according to the evolution of fracture re : i in the tests and input

into ABAQUS for the simuglon of crack growth using virtual crack closure techniq

VCCT). A three-dimension-

al finite element model was constructed to simulate the dynamic delaminatio th from crack onset to arrest, and
the complex mechanical behavior in the unstable crack growth was stu@
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Table 2 Lay-up sequences for composite DCB specimens
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Specimen Stacking sequences
N1 [0/903/0]s//[0/905/0]s
El-E4 [0/905/0]s/1/[0/905/0]s
Notes: N-—Specimen without adhesive film; E-—Specimen with

epoxy adhesive film; I-—Interleaf.
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Fig. 3 Load-displacement curves of DCB specimens with
and without adhesive film

(FEM: Finite element method)
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Table 3 DCB experimer@laﬁ s of T300/7901 composites A~
Specimen & Crack length®/mm Load/N %C‘, {3\7/ Displacement/ Fracture toughness/ (] * m’(?&v
crack No. Initial. Arrest Ini}'{il. (@ rrest mm Gt GiE A r\“ 86‘1/""
1 55 59 3 4 27.97 8. 20 325.82 231 \\y 275. 60
2 60 — ?w — 9.54 — 303.91
3 65 O%’%O. 36 11. 06 @O 307. 85
4 70 — @97, 36 — 13. 06 — @ — 304. 39
5 75 26. 09 — 14.75 *@ — 306. 05
N1 6 80 @ 24. 34 — 16. 44 @ — 298. 54
7 85 — 23. 39 — 18. 87 @o— — 309. 93
8 90 — 21. 82 — 21.22 CBD — — 307.18
9 95 — 20. 32 — 2 .5]@\ — — 313.17
10 100 19. 39 302. 44
11 105 — 18. 24 — %8. 9 — — 299. 77
Avg. & Deviation® ©) 305. 32 1.47%
1 55 58 44.14 O)Y 10.22 190. 2 105. 70 146. 30
2 58 77 50. 44 13.43 698. 5 203. 50 389. 10
£l 3 77 96 34. 28 . 88 22.79 607. 2 268.70 409. 50
4 96 138 33. 84 11.05 42.45 896. 2 203.70 447.00
1 53 59 43.73 31.19 11. 85 584.6 375. 10 470. 20
E2 2 59 91 47. 85 13. 64 18. 79 913. 4 169. 00 416. 50
3 91 133 31. 82 10. 08 42. 41 890. 3 193. 00 434. 90
1 55 90 53. 35 9.75 17.70 1032.1 115. 80 381. 10
E3 2 90 113 23. 60 11.53 37.18 586. 1 228.20 372.50
3 113 133 19. 21 10. 37 59.72 610. 1 279. 80 418. 40
E4 1 43 90 71.47 12. 35 13. 80 1 046. 2 67.8 370. 8
El1—E4 Avg.® 743.1 220. 8 412.5
Deviation® 20.3% 18.4% 6.18%
Compared to N1 243.3% 72.3% 135.1%

Notes: * Modified crack length with MBT is used; ® The first crack is neglected to eliminate the effect of resin pocket caused by the Teflon film.
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Table 4 Summary of quasi-static approach for dynamic crack growth

Gic = Giew +

Gy Gie dEi,/da Ein
. . init @l <prop Jnit e ~prop @ i @l <prop
Dynamic crack propagation Gie o Gy Gy = — Gy . (G o Gy bda
R
. . 9E5? L Jinit d¢

Static simulation ! G = Gy s — —
Notes: G;—Energy release rate; Gic— Fracture toughness; dEy,/da—Evolution of kinetic energy in relation to crack length; Ej;,— Kinetic en-
ergy; Gy —Fracture toughness at crack initiation; G}.”> —Fracture toughness at crack propagation; a.—Crack length at initiation; a—Crack

length; 6H—Specimen width; E;—Flexural modulus of upper half or lower half of specimen; 6—Displacement; Gic * —Equivalent fracture tough-

ness.
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Table 5 Material properties for T300/7901 compositest*

Material E1/GPa E;=E;/GPa G12=G13/ GPa Ga3/GPa Viz =13 V23

CFRP 137.78 8.91 4.41 3.01 0.3 0.48

Adhesive 4 4 — — 0.3 0.3
Notes: E;~—Lamina modulus in i direction; G; —Lamina shear modulus in ij direction; v; —Poisson’s ration in ij direction.
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Fig. 10 Calculated profile of curved crack front during crack growth
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