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Unified Adhesive Strength Evaluation for Various Geometries and Loading Conditions
using the Edge Interface Crack Method

by

Kazuhiro Opa*, Kazuki Ipe** and Nao-Aki Nopa ***

In adhesive joints, debonding usually starts from the interface edge due to the singular stress field at the edge. This
is the reason why adhesive strength can be expressed as a constant ISSF (Intensity of Singular Stress Field). However,
since the singular stress field and the singularity index vary depending on the local edge geometry at the interface end,
the ISSF method cannot be applied to such different local geometries directly. In this study, therefore, a fictitious edge
interface crack is assumed at the interface end to evaluate the adhesive strength for different local geometries. In this
paper, first, the general expression of the SIF (Stress Intensity Factor) of an edge interface crack useful for butt joint are
shown. Next, this edge interface crack method is applied to evaluate the adhesive strength of the lap joints when the local
geometries at the interface end are different. The results show that the critical SIFs K, are almost constant for all local
lap edge geometries. Finally, based on the lots of previous experimental results, the critical values of K;. are compared
for butt and lap joints. Then, it is found that the average strength of lap joints obtained by the edge interface crack method
is about five times larger than that of butt joints. In this way, the edge interface crack method is shown to be useful for

effectively evaluating the adhesive strength with various geometries and loading.
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(c) The SIF of edge interface crack is controlled by the ISSF
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Fig.1 Ilustration of edge interface crack method for adhesive
strength using crack length a/h < 0.01 so as to produce
double singular stress fields at the crack tip.
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(b) Double lap joint (DLJ)
Fig. 2 Adhesive strength of single lap joint (SLJ) and double lap
joint (DLJ) (Adherend: S45C, Adhesive: Epoxy) by

Ikegami et al.'”
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Table 1 Material properties used in the analysis in Fig. 2.
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(b) Critical SIFs of edge interface crack for SLJ and DLJ by
the edge interface crack method when the crack length
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Fig. 3 Adhesive strength of single lap joint (SLJ) and double lap

joint (DLJ) in Fig.2 (Adherend: S45C, Adhesive: Epoxy
B, h =0.15 mm)
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Table 2 Material properties used in the analysis in Fig. 4.
E (GPa) v a B
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Fig.8 Coincidence of critical SIFs K., K, for three types of

SLJ when the edge interface crack length a = 10™*mm.
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@ Cylindrical BJ'® (Polyimide/Al), h=0.1~0.2

(@ Square prism BJ 29 (Epoxy A/S35C), h=0.05~5.0

(3 Square prism BJ 29 (Epoxy B/S35C), h=0.05~5.0

@ Cylindrical BJ'? (Epoxy B/SS400), h=0.055~0.3

® Cylindrical BI2D (DP-190/845C), h=0.1

(& Cylindrical BJ?? (Epoxy/SUS304), h=0.2~2.0

@ Cylindrical BJ?? (Epoxy/Al), h=0.14~2.0

(8 Rectangle BJ? (F922/Al), h=0.4~0.6

(@ Rectangle BJ*Y (Epoxy/Al), h=0.5~3.0

(@ Rectangle BJ* (Solder/Brass), h=0.5~3.0
Dimension in mm

»*Bonded conditions (D in Fig.9 and D in Fig. 10 are almost
the same.
Fig.9 Critical SIFs K;. of various butt joints when the edge
interface crack length a =10"*mm ( Ky /Kic =
0.307~0.348).
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@ SLI™ (Polyimide/Al), 1,4=12.7, t=3, h =0.1~0.2

@ SLI'M (Epoxy B/SS400), I,4=12.5, t=1.6, h =0.15
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Dimension in mm

*%¢Bonded conditions (D in Fig.9 and @ in Fig. 10 are almost
the same.

Fig.10 Critical SIFs K;. of various lap joints when the edge

interface  crack length a = 10"*mm (K,./Ki. =

0.334~0.408).
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