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A CONVENIENT ADHESIVE STRENGTH PREDICTION METHOD FOR
ADHESIVE BUTT JOINT IN TERMS OF THE CRITICAL STRESS
INTENSITY FACTOR

LI Rong?, LIANG Bin' , NODA Nao-Aki’

(1. College of Civil Engineering, Henan University of Science and Technology, Luoyang, Henan 471023, China;

2. Department of Mechanical Engineering, Kyushu Institute of Technology, Kitakyushu-shi 804-8550, Japan)

Abstract: For the purpose of predicting the tensile strength for adhesive butt joint, a convenient adhesive
strength prediction method is presented in terms of the critical stress intensity factor. Based on the finite element
method and adhesive tensile strength, the critical stress intensity factor can be obtained conveniently and
accurately since the reference problem has exact solutions. Then, a new prediction method for the adhesive butt
joint is proposed based on the conclusion that the critical stress intensity factor is almost independent of the
adhesive thickness. In this paper, the predicted adhesive strengths for adhesive butt joints with different adhesive
thicknesses can be obtained conveniently by using only one arbitrary reference tensile strength. To verify the
correctness of this method, the measured and predicted adhesive tensile strength for adhesive butt joints with three
kinds of material combinations are analyzed. The calculation results indicated that the predicted results coincide
with the experimental results. The validity and usefulness of the proposed method in engineering application is
proved.
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Fig.1 Dimensions of adhesive butt joint
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Fig.2 Bi-material wedge with Cartesian and polar coordinates
placed at corner where two different materials meet
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Fig.3 Dimensions of reference model
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Table 1 Stress distributions at end of interface for adhesive
joints with different mesh sizes when h/W=0.001

ST 0T e 13 mm FRE TR = 1/3°mm

FEM UyFEM FEM O—;:EM

r/W 9y U§W r/W Gy U;—W

0 1.322 0.524 0 1.073 0.524
1/5314410 1.128 0.524 1/196830 0912 0.522
2/5314410 1.081 0.524 2/196830 0.874 0.522
3/5314410 1.051 0.524 3/196830 0.851 0.522
4/5314410 1.031 0.524 4/196830 0.835 0.522
5/5314410 1.015 0.524 5/196830 0.824 0.523
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Table 2 Material properties of adherent and adhesives
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Table 4 Dimensionless critical stress intensity factor F

b JB AT e Sk
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0.05 - 0.0671 0.062
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0.3 - 0.119 0.112
0.5 0.173 - -
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5.0 — 0.335 0.331
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5.0 — 1.1340.149 1.0940.135
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Table 7 Comparison of critical stress intensity factors

Bk 1 Bk 2 P23k 3
A 0.60940.0475  1.04+0.0643 1.20+0.144
Lk 0.60744 1.04212 1.00742
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Table 8 Results of ref problem

3k h/mm W/mm Koo/ (MPa » m*™)

1 0.5 10 0.574
2 0.05 12.7 0.970
3 0.05 12.7 1.150
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Table 9 Prediction adhesive tensile strength
e et ek
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Fig.4 Experimental and predicted adhesive strength for

adhesive joints with different adhesive thicknesses
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