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A Study on the Effect of Adhesion Condition on the Mode | Crack Growth
Characteristics of Adhesively Bonded Composites Joints

Hae-Ri No*, Min-Hyeok Jeon*, Huyn-Jun Cho*, In-Gul Kim*', Kyeong-Sik Woo**,
Hwa-Su Kim***, Dong-Su Choi****

ABSTRACT: In this paper, the characteristics of fracture in mode I loading were analyzed for adhesively bonded joints
with non-uniform adhesion. The Double Cantilever Beam test was performed and mode I fracture toughness was
obtained. In the case of non-uniform adhesively bonded joints, the stable crack growth sections and unstable crack
growth section were shown. The fracture characteristics of each section were observed through the load-displacement
curve of the DCB test and the fracture surface of the specimen. Finite Element Analysis was performed at the section
based on segmented section by crack length measured through the test and using the mode I fracture toughness of
each section. Through DCB test results and finite element analysis results, it was confirmed that the fracture behavior
of specimens with non-uniform adhesion can be simulated.
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Fig. 1. Schematic diagram of the failure modes of an adhesive

bonded joints: (a) Cohesive failure, (b) Adhesive failure,
(c) Mixed mode failure
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Fig. 5. DCB test specimen

Table 1. Specification of DCB test specimen

Type DCB Test Specimen
Stacking Sequence [0],,//[0];,
Thickness [mm] 1.5/0.3/1.5
Initial Crack Length (a,) [mm] 50
Length [mm] 180
Width [mm)] 20
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Fig. 6. Measurement of DCB test data using a high-resolution
camera
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Fig. 8. Finite element model

Table 2. Material properties of composites

E,, [GPa] E,, =E,; [GPa] Vo= Vi3
129.2 7.22 0.274
Va3 Gy, =G5 [GPa] G,; [GPa]
0.45 3.6 2.5

Table 3. Material properties of loading block

E [GPa] v
70.0 0.33

Table 4. Material properties of adhesive film

E [GPa] v

2.24 0.4

Table 5. Material properties of cohesive element

Gy [N/mm] Gy [N/mm]
2.28 (Variable) 6.69
K [N/mm’] T,ox [MPa] Sax [MPa]
100,000 38.1 21.8
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Fig. 9. Crack growth of DCB specimen
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Table 6. G, by section

Section a,-a, a-a; a;-a,
Gy [N/mm] 2.44 2.38 2.2

Section a,-a, a,-3y, a,-a;,
Gy [N/mm] 2.36 2.15 2.29
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Table 7. G, by redefined section

Section a,-a, a;-a, a,-ag a;-a,
G, [N/mm] 2.51 2.24 2.38 2.24

Section ag-ag ag-ay a,-3y, a-a;,
G,. [N/mm] 2.12 2.36 2.06 2.29
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