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How to Obtain the Adhesive Strength for Double Lap Joint by using Single Lap Joint
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Abstract

In this study, the equivalent conditions of strength for single lap joint (SLJ) and double lap joint (DLJ) are
investigated in terms of the intensity of singular stress field (ISSF) appearing at the interface end. Previous studies
showed that the adhesive strength can be expressed as a constant value of critical ISSF independent of the adhesive
length and adhesive thickness. In the study, first, the ISSF is investigated under the same load with varying adherend
thickness. The minimum ISSF of SLJ can be obtained when the adherend thickness # is large enough. Then, the
equivalent conditions of strength for SLJ and DLJ is investigated by changing specimen geometry. The results show
that the same strength of the DLJ in JIS (#1 =1.5mm) can be obtained by using the SLJ with adherend thickness
t#i=7mm. Since the deformation of SLJ is large, it is necessary to use the specimen with thicker adherend thickness.
When the adherend thickness #=25mm, the strength of SLJ is nearly equal to that of DLJ.
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Fig. 1 Butt joint strength expressed as K, =const
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(a) Single lap joint (SLJ) (b) Double lap joint (DLJ)
Fig. 2 Two kinds of lap joint specimens for meaning joint strength
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Fig. 3 Adhesive strength for SLJ and DLJ (adherend: S45C, adhesive: epoxy)
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(c) JIS K6850 specimen (t; =1.5mm, L = 50mm)
Fig. 4 Analysis model and boundary condition

Table1 Dimensions of the adhesive joint specimens and ISSF

Specimen log [mm] toq [mm] K, [MPa: m'~*]
A20 20 0.15 3.70
A25 25 0.15 4.05
A30 30 0.15 3.95
A35 35 0.15 4.22
A40 40 0.15 4.41
A50 50 0.15 3.96

A25-30 25 0.30 3.92
A25-45 25 0.45 3.86
A25-90 25 0.90 3.86
A30-30 30 0.30 4.40
A30-45 30 0.45 4.13
A30-90 30 0.90 3.91

Table 2 Material properties of adhesive and adherend

. Young’s modulus Poisson’s
Material E [GPal ratio v a Y A Ay
Adherend ﬁlurgég‘llf% 68.9 0.30
aloy -0.8699 | -0.06642 | 0.6062 | 0.9989
Adhesive Epoxy resin 4.20 0.45
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(see Table 1)

Fig. 5 Debonding fracture criterion K,
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Fig. 6 Effect of adherend thickness t; on K, , (JIS*: JIS K6850 prescribes specimen details as
t1=1.5mm, L=50mm)
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(d) Single lap joint (without tab)
Fig. 7 Model of single lap joint (SLJ) and double lap joint (DLJ)
(lad =25mm, tag =0.15mm, /1=125mm, /t2p=90mm)
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Fig. 8 Comparison between corner O4 and corner O; for DLJ (see Figs. 7(a),(b))

P — _
o SLJ(with tab) 1 1 —o5mm
. 0-2 [ . . ad
I i SLJ(without tab) t,q=0.15mm
= i 00 DLJ(with tab : _
S 015 | ( ) 1  1=125mm
o [ B DLJ(without tab) 1 L=50mm
z J
3
!
0 1 1
0 10 20 30

t[mm]
Fig. 9 Comparison between SLJ and DLJ at corner O (see Figs. 7(a)-(d))
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