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Establishment of Fracture Criterion for Mixed Mode

in Bonded Dissimilar Materials

N. Y. Chung(Soongsil Univ.) C. H. Song(Soongsil Grad. Univ.)

Abstract

Application of bonded dissimilar materials in various industries are increasing. When these

materials are used in structures, it needs to inv

estigate strength evaluation applying fracture

mechanics. Al/Epoxy bonded dissimilar materials with an interface crack and an interface crack

emanating from an edge semicircular hole were prepared for the static tests so that experiment of
fracture toughness were carried out. Stress intensity factors of interface cracks in bonded
dissimilar materials were computed with boundary element method(BEM) and the fracture criterion
of mixed mode crack were analyzed. From the results, the fracture criterion and the method of

strength evaluation by the fracture toughness in

proposed.
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Fig. 1 Crack-tip stress field in the bhonded

dissmilar materials
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Table 1 Mechanical properties of materials

Mechanical Young's Poisson’s
__properties modulus ratio
Materials E(GPa) v
Epoxy resin 3.165 0.37
Aluminum 65.56 0.3
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Fig. 2 BEM analysis model of mixed mode

interfacial crack
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Table 2 BEM analysis results of nondimensional
stress intensity factors for an edge interface crack

0 F a/W F: | F

0° 0.33 1.46 -(.320 1.4946
15° 0.33 1.44 0.056 1.4411
30° 0.33 1.233 0.265 1.2333
45° 0.33 0.862 0.546 1.0204
60° 0.33 0.499 0.732 0.8809

Table 3 BEM analysis results of nondimensional
stress intensity factors for an interface crack
emanating from an edge semicircular hole

S aw R F, 5
0 0.27 1.142 0.065 1.144
15° 0.27 1.334 0.258 1.359
307 0.27 1.123 0.522 1.239
45° 0.27 0.756 0.755 1.068
60° 0.27 0.404 0.943 1.026
= 1.6
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Fig. 3 Relation of nondimensional stress intensity

factors for an edge interface crack
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Iig. 4 Relation of nondimensional stress intensity
factors for an interface crack emanating
from an edge semicircular hole
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Table 4 Experimental result of static fracture strength for an interface crack

Specimen | Scarf ! Specimen | Specimen Crack Fracture | Fracture
| angle thickness width length a/W load stress
No. ] (4) (t @ mm) (W @ am) (a @ mm) (Pr - N) | (0: MPa)
1 0° 3 30.47 10.05 0.33 630 6.99
2 15° 3 30.43 10.16 0.33 597 6.64
3 30° 3 30.47 10.03 0.33 724 791
4 45° 3 30.43 10.03 0.33 728 8.09
3 60" 3 30.47 10.02 0,33 747 8.29
Table 5 Experimental result of fracture toughness for an interface crack
Specimen . . Kie K Ke
No. 0 a/W F F o opavm) | (MPaVm) | (MPa Vi)
1 0 0.33 1.4471 -0.3516 1.4811 1.799 -0.101 1.842
2 15 0.33 1.4366 0.0538 1.4376 1.691 0.063 1.692
3 30° 0.33 1.2131 0.2604 1.2407 1.704 0.366 1.743
4 45" 0.33 0.8558 0.5397 1.0117 1.228 0.775 1.452
5 60° 0.33 0.5014 (.7286 .8844 1.738 1.073 1.303
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Table 6 Experimental result of static fracture strength for an interface crack
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2.5

criterion of mixed mode in

Al/Epoxy bonded dissimilar materials
with an interface crack

emanating from an edge semicircular hole

Specimen | Scarf | Specimen| Specimen Hole Crack Fracture | Fracture
angle | thickness width radius length (a+R)/W load stress
No. (0) (o am) | (W Sam) | (R oam) | Ca s oum) Pr:N) (g, MPa)
1 0’ 3 30.2 5 3.00 0.27 343 4573
2 15” 3 30.2 D 3.03 0.27 350 4671
3 30° 3 30.6 5 2.90 0.26 341 4542
4 45° 3 304 5 2.93 0.26 549 7.315
5 60° 3 30.1 5 3.08 0.27 607 3.089
Table 7 Experimental result of fracture toughness for an interface crack
emanating from an edge semicircular hole
Specimen . . Kie Koo K.
No. o | @R/W, o F F Fooh iMpavam) | (MPavm) | (MPavim)
1 0" 0.27 1.4046 0.0057 1.4046 1.021 0.004 1.021
2 15° 0.27 1.3254 0.2447 1.3478 (.983 0.182 1.001
3 30° 0.26 1.1177 0.5133 1.2457 0.800 0.400 0.968
4 45 0.26 0.7578 0.7465 1.1170 0.877 0.865 1.327
5 60° 0.27 ().3984 (1.9341 1.0155 0.514 1.204 1.301
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Table 8 Experimental results of fracture toughness for homogeneous materials
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Fig. 7 Fracture criterion of mixed mode in
Al/Epoxy bonded dissimilar materials
with an interfacial crack emanating from

an edge semicircular hole
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Fig. 8 Fracture criterion of mixed mode in
AVEpoxy bonded dissimilar materials
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Fig. 9 Relation of nondimensional stress intensity
factors for interface crack emanating from
an edge semicircular hole
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Fig. 10 Relation of nondimensional stress intensity
factors for an interface crack emanating
from an edge semicircular hole
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