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Failure Mode and Strength of Unidirectional Composite Single Lap Bonded Joints
IL Failure Prediction

Kwang-Soo Kim', Young-Moo Yi', Chun-Gon Kim'~

ABSTRACT

A methodology is presented for the failure prediction of composite single-lap bonded joints considering both
of composite adherend failure and bondline failure. An elastic-perfectly plastic model of adhesive and a
delamination failure criterion are used in the methodology. The failure predictions have been performed using
finite element method and the proposed methodology. The failure prediction results such as failure mode and
strength have very good agreements with the test results of joint specimens with various bonding methods and
parameters. The influence of variations in the effective strength (that is, adhesion performance) and plastic
behavior of adhesive on the failure characteristics of composite bonded joints are investigated numerically. The
numerical results show that optimal joint strength is archived when adhesive and delamination failure occur in
the same time.
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Effective ultimate stress for

prediction of adhesive failure
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Fig. 1 Elastic-perfectly plastic material model for adhesives.
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Fig. 2 Geometry and FE-model of composite single lap joint with
adhesive.
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Table 1 Types of joint for e ison between failure
predictions and test results.
# Bonding Adhesive Fillet Failure mode(test)
method
1 *SB EA9309.3NA | None | Adhesive & interfacial failure
2 SB EA9309NA | None n
3 SB EA9309NA | Fillet »
4 **CC FM73 None 100% delamination
5 ccC None None 100% delamination

) * SB : Secondary bonding, ** CC : Co-curing
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Table 2 Effective ultimate stress results of adhesives.

Bulk adhesive Effective
R . . Reference
Adhesive ultimate stress ultimate specimen
[1] (MPa) | stress (MPa) P

EA9309.3NA 36.3 46.8 Specimen #1
EA9309NA 345 45.5 Specimen #3
EMT3 60.4 774 Bonded joint
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Fig. 4 (a) Load-displacement curve, (b) Delamination failure index of
specimen #1 with EA9309.3NA adhesive.
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Fig. § (a) Interfacial nonnal stress, (b) Interfacial shear stress of
specimen #1 with EA9309.3NA adhesive.
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Fig. 6 (a) Load-displacement curve, (b) Delamination failure index of

co-cured specimen #5 without adhesive.
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Fig. 7 (a) Load-displacement curve, (b) Delamination failure index of
co-cured specimen #4 with FM73 adhesive.
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2 |EA9309NA [None 14.7 Bondline 14.7 " 0.0% 3] WEoltk AAAE AHESHA 22 TA 4% xUE
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