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Abstract : In this paper, an evaluation method of fracture toughness on interface cracks has been investigated under
various mixed-mode conditions of the bonded scarf joints. Two types of the bonded scarf joints with an interface crack
were prepared to analyze the stress intensity factors using boundary element method(BEM) and to perform the fracture
toughness test. From the results of fracture toughness experiments and BEM analysis, an evaluation method of fracture
toughness on interface cracks in the bonded dissimilar materials has been proposed and discussed.
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Table 1 Chemical composition of aluminum alloy
Component Al | Fe | cu | Si | Ni Others
wt. % 98.8 | 0.77 1 0.17 | 0.15 | 0.07 0.04

Table 2 Chemical composition of mild steel

Component Fe C | Mn | Cu | Ni Others
wt. % 99.6 | 0.05 | 0.22 | 0.03 | 0.02 0.08

Table 3 Mechanical properties of adherends and adhesive

Mecham.cal Young's modulus | Poisson's ratio
proper.tles E(GPa) v
Materials
Mild steel 194.7 0.32

Aluminum alloy 65.6 0.32
Adhesive(Epoxy) 32 0.37
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Fig. 1 Shapes and dimensions of the bonded joint specimens
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Table 4 BEM analysis results of nondimensional stress
intensity factors on the bonded Al/Epoxy

(&/W=0.33)

; F Fi F: F
0 1.4471 0.1516 1.4811
15° 1.4366 0.0538 1.4376
30° 12131 0.2604 1.2407
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Fig. 5 Relationships between F, and F» on the adhesively
bonded Al/Epoxy/Steel joints
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Table 5 Experimental fracture strength on the bonded Al/Epoxy joints

Specimen Scarf Specimen Specimen Crack Fracture Fracture
No. angle thickness width length /W load stress
() (t: mm) (W : im) (a: mm) (Pmax :N) | (o max: MPa)
1 0° 3 3047 . 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 7.91
4 45° 3 30.43 10.03 0.33 728 8.09
5 60° 3 30.47 10.02 0.33 747 8.29
Table 6 Fracture toughness on the bonded Al/Epoxy joints
Specimen Kic Kse K.
No. 0 yW FE FoF F (MPavm) | (MPavm) | (MPavm)
1 0° 0.33 0.977 -0.102 1.4811 1.767 -0.185 1.777
2 15° 0.33 0.999 0.037 1.4376 1.665 0.062 1.666
3 30° 0.33 0.978 0.210 1.2407 1.703 0.366 1.742
4 45° 0.33 0.846 0.533 1.0117 1.209 0.762 1.429
5 60° 0.33 0.567 0.824 0.8844 0.726 1.055 1.281
Table 7 Experimental fracture strength on the adhesively bonded Al/Epoxy/Steel joints
Specimen Scarf Specimen Spe(.:imcn Crack Fracture Fracture
No. angle thickness width length a'W load stress
(8) (t: um) (W :mm) (a: mm) (Pmax : N) | (o max : MPa)
1 0° 3 29.7 5.70 0.20 1.13 12.66
2 15° 3 29.5 7.67 0.26 1.24 13.91
3 30° 3 29.1 9.93 0.34 137 15.69
4 60° 3 29.6 18.03 0.61 130 14.59
Table 8 Fracture toughness on the adhesively bonded Al/Epoxy/Steel joints
Specimen ) . Kic Ks K.
No. 0 W FvF Fo/F F (MPavm) | (MPavm) | (MPavm)
1 0° 0.20 0.35607 0.03665 0.35825 0.61 0.06 0.62
2 15° 0.26 0.23066 0.09827 0.25018 0.50 0.21 0.54
3 30° 0.34 0.13499 0.13691 0.19227 0.37 0.38 0.53
4 60° 0.61 0.02773 0.15081 0.15433 0.10 0.53 0.54
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