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Abstract— In this study, the effect of bond thickness upon the 

shear strength of epoxy adhesively bonded joint with dissimilar 

adherends is addressed. The bond thickness, t between the 

adherends is controlled to be ranged from 0.1 mm to 1.2 mm. 

Finite element analyses are also executed by ANSYS 11 code to 

investigate the stress distributions withiin the adhesive layer of 

adhesive joint. As a result, shear strength of adhesive joint 

reduces with increasing bond thickness. The strength of shear 

adhesive joint is also dependent on elastic modulus of adherend. 

Moreover, the failure of dissimilar adherends bonded shear joint 

originated at a location with critical stress-y which is the 

interface corner of ALYH75/epoxy. In the case of shear adhesive 

joint with an interface crack, the fracture also occurred at the 

ALYH75/epoxy interface even in the SEA specimens. Fracture 

toughness, Jc of AES is close to those of SES and demonstrates 

strong dependency upon bond thickness. Furthermore, the 

interface crack in SEA specimen has relatively large fracture 

resistance if compared to those in AES specimen. Finally, Kc 

fracture criterion is found to be appropriate for shear adhesive 

joints which fracture adhesively. 
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I.  INTRODUCTION 

The single lap joint (SLJ) is one of the most generic type of 

joint in practice because of its simple geometry and ease of 

manufacture. Due to its resemblance to many “real-world” 

joint designs, the mechanical testing of SLJ has been 

exhaustively conducted. Therefore, the SLJ loaded in tension 

has been well studied in the literature, both experimentally and 

theoretically. But this does not necessarily mean that it is easy 

to analyze the stresses present in that joint because one should 

consider the existence of eccentricity of loading path, which 

means that there is bending deformation and stress 

concentrations arise from the differential straining of the 

adherends. Thus, the adhesive will experience tensile stresses 

(peel) at the end of the joint as well as shear. The standard 

mechanical test of SLJ which is fully documented in ASTM D 

1002-72 will give the data of 'apparent' shear strength. This 

standard also proposes a very simple design rule to guarantee 

that the adherends do not yield. While this standard joint test 

is quite popular, it does not enable the mechanical properties 

of the adhesive itself to be deduced because the adhesive is 

subjected to a complicated state of stress. Therefore, another 

test configuration should be considered when determining the 

shear properties of adhesive. 

There are few principal torsional shear tests and tensile 

shear tests available which yield both data for shear strength 

of joint and mechanical properties of adhesive. The former 

includes tests on bulk specimens, butt joints and the napkin 

ring test (ASTM E 229-70). The latter are the thick adherend 

shear test (TAST) and the butterfly test. In practice, the TAST 

(ASTM D 3983-91) is more popular due to its merits and has 

been widely used. However, the standard method recommends 

the use of a special extensometer attached to the specimen that 

requires a very experienced technician and high costs of 

production. Another shortcoming is the extensometer 

measures both the displacements of the adhesive and 

adherend. Therefore, it is necessary to apply a correction for 

deformations in the adherends from the measured 

deformations to deduce the deformation of the adhesive only. 

da Silva et al. [1] have proposed an alternative methods to 

measure the thin adhesive shear displacement in the TAST. 

They reported that a conventional clip gauge can be used 

provided a correction factor obtained from finite element 

analysis (FEA) is applied. 

A number of parameters have been considered in 

experimental investigations by various researchers to study 

their influence upon the strength and the durability of shear 

joint. These include the bond thickness, the type of surface 

treatment, overlap length and width, the yielding of the 
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adherend, the plasticity of the adhesive, and added pressure. 

The optimum condition determined for experimental factors 

can improve the bonding technique and design of high 

strength joint. Also, these data provide bonding structure with 

appropriate design criterion and contribute to raise the 

productivity and reducing cost. However, all of these studies 

involve only single lap joints that have similar adherends. 

Other researchers have tried to analyze the single lap joint 

with dissimilar adherends. A paper by Fongsamootr and 

Dechwayukul [2] has illustrate a way for analyzing the stress 

distribution in generalized single lap joints of dissimilar 

adherends by using FEA-TALA (Thin Adhesive Layer 

Analysis) method. They analyzed this joint under variation of 

Young’s modulus ratio and the adherend thickness ratio 

between the upper and lower adherends to understand their 

effect on the interface stress distribution. Nevertheless, to the 

best of present author's knowledge, no work has been reported 

in regard of experimental study of strength of single lap joint 

of dissimilar adherends. 

Stresses distributions of SLJ can be analyzed by two 

approaches: closed form analyses (i.e. a simplified algebraic 

analytical solutions) or numerical analyses [3]. Classical 

closed form approaches are usually based on a continuum 

mechanics (shear lag) model or a beam on elastic foundation 

theory model. Besides, there are three major numerical 

analyses used for solving partial differential equations, i.e. 

boundary element method (BEM), finite element method 

(FEM) and finite difference method (FDM). The advantage of 

closed form analyses is that they are very suitable for 

preliminary joint design assessment. However, complex joint 

geometries are extremely difficult to simulate and very little 

has been done to incorporate failure criteria into these closed 

form analyses [4]. These are currently being done in numerical 

analyses especially in FEM modeling. Such FEM modeling 

has been shown to be capable of including not only the effects 

of material discontinuities but also plasticity (i.e. non-

linearity). Chapter 5 in [3] describes many studies that deal 

with adhesive joints of complex geometry using the FEM. 

Prediction of strength and failure of single lap joint in context 

of FEM is comprehensively reviewed by Adams and Davies 

[5]. It is obvious that a suitable failure criterion for predicting 

the joint strength either by means of strength of material, 

fracture mechanics or continuum damage mechanics based 

approaches is often difficult to determine, therefore it still 

remains as a challenging issue. 

 

II. EXPERIMENTAL PROCEDURES 

To investigate the strength and fracture toughness of epoxy 

adhesively bonded joint of dissimilar adherends under shear 

loading, shear adhesive joint specimens were fabricated. The 

geometry and dimensions of the specimen are shown in Fig. 1. 

The adherends were consisted of SUS304 stainless steel and 

YH75 aluminium alloy. YH75 is the trade name of aluminium 

alloy which is identical to A7075P-T651 aluminium alloy in 

terms of mechanical properties according to JIS H 4000:2006 

specification [6]. A two-part room temperature curing epoxy 

adhesive resin (Hi-Super 30, produced by Cemedine, Co., 

Japan) was used. The mechanical properties of materials are 

tabulated in Table 1 where, E, σy and ν are Young's modulus, 

0.2% proof stress and Poisson's ratio, respectively. 

Bonding surfaces were uniformly polished with # 2000 

waterproof abrasive paper and afterward degreased with 

acetone. Adhesive bond thickness, t inside an adhesive joint 

was controlled by using a developed bonding fixture (see Fig. 

2) and varied from 0.1 mm to 1.2 mm. Also, for specimens 

with interfacial crack, an interfacial crack which originated 

from an interface corner was inserted to represent a flaw at 

adhesive joints interface. This pre-crack was introduced by 

pasting a strip of 0.05 mm thick Teflon tape on the edge of 

adherend surface prior to bonding. The a/W was fixed to 1/8, 

where a and W were the pre-crack length and the width of the 

specimen, respectively. All specimens were cured at R. T. 

over than 24 hours. 

After specimens were totally cured, the excessive adhesive 

was removed by a portable grinder and a sharp knife. The 

actual bond thickness, t was then measured by a digital 

microscope. Tensile shear fracture tests of shear adhesive joint 

specimens were carried out with a universal tensile test 

machine (INSTRON 4206), as shown in Fig. 3. All tests were 

conducted at R. T. with the crosshead displacement speed held 

constant at 0.5 mm/min. 
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Figure 1 Geometry and dimensions of shear adhesive joint specimen. 

 

 
TABLE 1 MECHANICAL PROPERTIES OF MATERIALS 

 

Material E (GPa) σy (MPa) ν 
Epoxy adhesive 3.4 34.76 [1.67] 0.396 

SUS304* 206 307.8 [6.02] 0.3 
YH75 (Al-alloy)* 71 559.0 [7.82] 0.33 

* data taken from manufacturer’s catalogue. 

[ ] denotes the value of standard deviation. 

 

 

 
 

Figure 2 Shear adhesive joint specimen is fabricated by using a developed 

bonding fixture. 

 



 

Figure 3 Shear adhesive joint specimen under tensile shear fracture testing. 

 

III. NUMERICAL MODELLING 

The typical model for the stress analysis of a shear adhesive 

joint is shown in Fig. 4. The whole model of the joint is 

analyzed. The boundary constraints and loading conditions 

imposed are also shown in this figure. All nodes at the left end 

of the left adherend are fully constraint, which means that all 

degrees of freedoms are constrained at this end. The model is 

stress controlled which means that all nodes on the right end 

of the right adherend have a prescribed stress of 1 MPa in the 

x-direction. Since the stress singularity occurs near the 

interface corners, the elements near this region are divided 

into finer meshes (i.e. using nearly square shaped elements) 

such that this effect can be accurately modeled. The analysis is 

performed within elastic deformation. 

 

 

 

 

Figure 4 FE model meshes used for shear adhesive joint with an interfacial 

crack. 

 

IV. RESULTS AND DISCUSSION 

A. Numerical results 

The comparison of stress-y distribution at the region of 

interface corner in dissimilar adherends bonded shear joint 

having three bond thicknesses is shown in Fig. 5. Clearly, as t 

becomes thicker, the concentration of stress-y near the edge of 

ALYH75/epoxy interface corner significantly increases. 

Oppositely, the stress-y at the middle of adhesive layer is less 

constraint in shear joint with thick bond. To evaluate the 

fracture toughness of shear adhesive joint with an interface 

crack, J integral calculation in FE is applied. However, since 

the actual bond thickness in a specimen might be varied from 

the targeted value, a calibration of J value is needed 

beforehand. Fig. 6 shows the results of J calibration obtained 

from FE analysis. FE analysis was conducted with the applied 

stress of 1 MPa. 
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(a) SUS304/Epoxy interface 
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 (b) ALYH75/Epoxy interface 
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(c) Centerline of adhesive 

Figure 5 Comparison of stress-y in shear adhesive joint having various bond 

thicknesses. 
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Figure 6 J calibration of shear adhesive joint in FE. 

B. Failure stress and morphology 

In tensile test of shear adhesive joints, load and crosshead 
displacement are recorded. Fig. 7 shows the typical load 
against crosshead displacement obtained for shear adhesive 
joints of dissimilar adherends having 0.1 mm bond thickness 
and 1.0 mm bond thickness, respectively. It is noted that at the 
beginning of tensile loading (i.e. crosshead displacement is less 
than 0.1 mm), load is quadratically increased. This is due to the 
initial alignment of specimen. Beyond 0.1 mm displacement, 
load increases proportionally up to maximum load (hereafter 
failure load) where a sudden failure occurs. This dynamic 
failure is accompanied by a ‘ping’ sound. Despite some scatter 
in the data, shear adhesive joint having 0.1 mm bond thickness 
has better load performance than those having 1.0 mm bond 
thickness. Shear adhesive joint having 0.1 mm bond thickness 
is sensitive to any defects. 
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Figure 7 Load vs. crosshead displacement of shear adhesive joint. 

 

It is essential to determine the critical shear stress of 
adhesive joints. The relation between shear stress and bond 
thickness which has been obtained from our experimental study 
is shown in Fig. 8. It is obvious from this figure that the shear 
stress reduces gradually with increasing bond thickness in all 
types of specimen. This indicates a typical influence of bond 
thickness upon the strength of brittle adhesive joints and has 
also been reported elsewhere [7, 8]. 

In recent study, Azuma [9] has reported the relation 
between strength and bond thickness of shear adhesive joint 
bonded with similar adherend. The results are also plotted in 
Fig. 8. It is noted that shear stress of S-S specimens is greater 
than those of A-A specimens. Meanwhile, the shear stress of S-
A specimens is only slightly higher than those of A-A 
specimens. One may attribute the high shear stress recorded in 
S-S specimens as the contribution of high elastic modulus, E of 
SUS304 adherend. Low shear stress in A-A specimens, 
however, involves both effect of elastic modulus and stress 
singularity. 

 Fig. 9 shows a representative failure surface in shear 
adhesive joint specimens and a schematic illustration of failure 
growth path in shear adhesive joint specimen. From failure 
morphology investigation, the failure initiation site was 
observed. It is evident that in all specimens, the failure initiates 
at ALYH75/epoxy interface. The final separation is always 
100% interface failure. This feature can be explained as high 
stress concentration develops at ALYH75/epoxy interface 
when shear adhesive joint is loaded. Stress-y distribution is 
then analyzed in FE analysis. Fig. 10 shows the stress-y 
contour plots in FE model of shear adhesive joint having 1.0 
mm bond thickness. It can be seen obviously that at B, stress-y 
is highly concentrates. Therefore, the failure is likely to initiate 
from this apex. Since the ALYH75 interface is comparatively 
poor in wettability, the failure propagates along this boundary 
until 100% separation.  
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Figure 8 Critical shear stress against measured bond thickness. Note that the 
data of S-S and A-A are reported elsewhere [9]. 
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Figure 9 Schematic illustration of failure growth path in shear adhesive 
joint specimen. 

 

C. Fracture Energy 

Fracture toughness, Jc of shear adhesive joint against bond 

thickness is plotted in Fig. 11. Note that the results for shear 

adhesive joint bonded with similar adherend are adapted after 

Azuma [9]. From this figure, it can be noticed that Jc of AES 

is close to those of SES and demonstrates strong dependency 

upon bond thickness. Meanwhile, Jc for AEA is likely the 

lower threshold. This gives an explanation why SEA system 

failed at ALYH75/epoxy interface. The interface crack in SEA 

specimen has relatively large fracture resistance compared to 

those in AES specimen.  

In [10], it has been verified that the interfacial toughness, 

Kc can be used as fracture criterion for butt adhesive joints 

which  failed  as  100%   interface  failure. Therefore,  there  is  
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 (b) Right corner 

Figure 10 Stress-y contour plots in FE model of shear adhesive joint. (t = 1 
mm, σ0 = 1 MPa). 

 

possibility that the same fracture criterion is appropriate to the 

present adhesive joint configuration. It is assumed that the 

interfacial crack behaves similarly to the center crack in 

adhesive layer constrained between two rigid substrates. The 

interfacial toughness, Kc can be in the simplest way expressed 

as follows: 

( ) 2tWaFaK ccc σπσ ≅⋅≅           (1) 

 

Interface toughness, Kc against bond thickness for shear 

adhesive joint with a crack at ALYH75/epoxy interface is 

shown in Fig. 12. It is obvious again that Kc values are almost 

constant, thus solidifying the suitability of Kc fracture 

criterion to the adhesive joints which fracture adhesively. 
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Figure 11 Fracture toughness, Jc against bond thickness, t. Note that the 

data of S-S and A-A are reported elsewhere [9]. 
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Figure 12 Interface toughness, Kc against bond thickness. 

 

V. CONCLUDING REMARKS 

The strength and fracture toughness of shear adhesive joints 

of brittle epoxy bonding two dissimilar adherends have been 

investigated. The following conclusions can be drawn from 

this investigation: 

• The strength of shear adhesive joint reduces with 

increasing bond thickness. In addition, the strength of 

shear adhesive joint also depends on elastic modulus 

of adherend. 

• The failure initiated at a location with the critical 

stress-y concentration which was the ALYH75/epoxy 

interface corner. 

• In the case of shear adhesive joint with an interface 

crack, the fracture occurred also at ALYH75/epoxy 

interface even in SEA specimens. 

• Fracture toughness, Jc of AES is close to those of 

SES and demonstrates strong dependency upon bond 

thickness. Hence, the interface crack in SEA 

specimen has relatively large fracture resistance if 

compared to those in AES specimen. 

• Finally, Kc fracture criterion is found to be 

appropriate for shear adhesive joints which fracture 

adhesively. 
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