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Testing and Numerical Analysis on the Fracture Characteristics of Composite
Adhesive Bonded Single-Lap Joints

Kwang-Soo Kim", Jae-Sung Park’, Young-Soon Jang’, Yeong-Moo Yi'

ABSTRACT

The experimental and numerical investigations on the failure characteristics of the secondary bonded composite
single-lap joints were performed. The initiations and growths of cracks were observed using CCD camera and
acoustic emission sensor during the tension tests of the joint specimens. The structural behaviors of the specimens
were predicted by the geometric nonlinear two-dimensional finite element analysis. The three types of observed initial
cracks were included in each finite element models and the strain energy release rates of each specimen models were
calculated by VCCT(Virtual Crack Closure Technique) technique. The tension tests showed that the initial cracks
occurred in the 60~90% of final failure loads and the major failure modes of the specimens were adhesive failure
and the delamination between the 1st and 2nd ply of laminate. The specimens with the thicker bondline had earlier
crack initiation loads but higher crack propagation resistance and eventually better loading capability. The
delaminations were mostly observed in the thicker bondline specimens. The mode I values of calculated strain energy
release rates were higher than the mode Il values in the all specimen models considering the three types of initial
cracks. The mode I and total strain energy release rates were calculated as higher values in the order of initial crack
in the edge interface, corner interface and delamination between the plies of laminate.
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Fig. 2 Tension Test Set-Up.
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Table 1 Material Properties of HT145/RS1222 Prepreg and Adhesive
[19}
Property Unit Value
UD prepreg : HKG HT145/RS1222
ply thickness mm 0.14
Longitudinal modulus, E1 Gpa 143.8
Transverse modulus, E2, E3 Gpa 8.70
Shear modulus, G12, G31 Gpa 5.21
Shear moduius, G23 Gpa 3.38
Poission's ratio, v12, v31 0.313
Poission’s ratio, v23 0.59
Adhesive : Hysol EA9309.3NA [19]
Modulus, E Mpa 2234
E, compressive Mpa 1690
Shear modulus, G Mpa 855.2
Poisson ratio 0.42
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Fig. 4 Finite Element Model of Specimen.
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Fig. 7 Initial Crack & Crack Propagation Process of Specimen B3.

Table 2 Initial Cracks & Failure Mode Summary of Specimens
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Table 3 Specimen Test Result Summary

i Bondiine Load @Initial ;- Yield Load : Fracture Load Boﬁd Strength
Specimen . lickness (mm) . crack (kN) (kN) (Mpa)
013 574 64 6.7 %8
013 587 64 65 20
0.13 581 6.40 6.60 %64
88.0% 97.0% 100%
014 540 54 74 26
014 480 50 74 26
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65.5% 74.5% 100%
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