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The aim of this study is to assess the fracture characteristics of epoxy adhesively bonded dissimilar materials as a function of bond 

thickness and failure modes. From tensile tests, it is obtained that the failure load of adhesive joints decreases as the bond thickness increases. 
The interfacial corner toughness, Hc can be applied for predicting joints strength provided that the small-scale yielding conditions must apply. 
In addition, fracture toughness, Jc of adhesive joints with interfacial crack is independent of bond thickness. It is found that fracture 
toughness, Jc is a valid fracture parameter only for adhesive joints that fractured cohesively. Besides, for adhesively fractured joints, Kc can 
be used. 
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1. Introduction 

Adhesive joints inevitably contain flaws or discontinuities. 
Moreover, stress singularity develops at interface corner may 
initiate failure. As such, joints often fail severely under a relatively 
low mechanical or thermal load in service. In the literature, much 
works have been directed on determining fracture behavior of 
similar material sandwiched joint. These included investigations 
upon effect of bond thickness, crack path propagation and 
assessment of fracture initiation criteria. However, study on 
dissimilar materials sandwiched joint is hardly available thus 
motivated this work. It is predicted that latter behaves slightly 
differ in comparison to the former due to more complex elastic 
mismatches.  

In this study, fracture strength of epoxy adhesive-bonded 
butt joints of dissimilar metals under a remote tension load were 
examined on several adhesive bond thicknesses. Also, an 
interfacial crack started from an interface corner was inserted to 
represent a flaw between adhesive joint interfaces. Finite element 
analysis was also performed to investigate the fracture mechanism 
of the adhesive joints. Fracture characteristics of such joints will 
be discussed.  
 
2. Experimental procedures 

The epoxy adhesive resin used in this study was Hi-Super 30 
produced by Cemedine Co., Japan. This is a commercial brittle 
epoxy adhesive that can be cured at room temperature 
approximately in 30 minutes. The adhesive was prepared prior to 
bonding by mixing the epoxy resin and hardener with the 
conditioning mixer for 1 min: 3min schedule of diffusion and 
de-foaming, respectively. The mechanical properties of the bulk 
epoxy adhesive have been reported by authors in the previous 
study [1], and the pertinent results are given in Table 1. 

 
Table 1 Mechanical properties of materials 

Material E (GPa) σy(MPa) ν 
Epoxy 3.4 36.5 0.3 
SUS304 206 295 0.3 
YH75 (Al-alloy) 71 399 0.33 

 
Tensile test specimens were prepared to obtain the strength 

and fracture toughness of adhesive joints. The dimensions of 
tensile test specimen are shown in Fig. 1. The adherents were 
consisted of SUS304 stainless steel and YH75 aluminium alloy. 
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 fixture and was varied from 0.2mm to 1.2mm. For 
specimens with interfacial crack, the pre-crack was introduced by 

pasting a strip of 0.05mm thickness Teflon tape on an adherent 
surface prior to bonding. The pre-crack length, a was controlled to 
study their effects on each test. Thus, a/W is given as 1/8, 1/4 and 
3/8, where W is the specimens width.  

Tensile fracture tests of adhesive joints were carried out with 
a universal tensile test machine (INSTRON). The tests were 
conducted at room temperature with crosshead speed held 
constant at 0.5 mm/min. 
 
3. FE analysis 

2D elastic-plastic finite element (FE) analysis was 
performed using ANSYS 11 code. The FE mesh consisted of eight 
nodes plane stress isoparametric with quadrilateral elements (i.e. 
PLANE183). The mesh for adhesive layer was refined sufficiently 
whilst the contact element was properly defined to constraint the 
adhesive layer to adherents. FE simulations were carried out to 
investigate the stress-y distribution at the interface corner and 
interfacial crack-tip region. Also, mode I fracture toughness, Jc of 
FE model with interfacial crack was evaluated by a 
path-independent integral, J-integral calculation. 
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Fig.1 Geometry of tensile test specimen 

 
4. Results and discussion 

The failure load of tensile adhesive joints of steel/aluminium 
against bond thickness, t is plotted in Fig. 2. It is obtained that the 
failure load gradually decreases when the bond thickness, t 
increases. The failure types of adhesive joints fell mainly into two 
categories: interfacial failure (A) or cohesive failure (B), as 
illustrated in Fig. 3 (a). As seen in fracture surfaces examinations, 
in A, the failure is initiated at an interface corner and propagates 
entirely through the boundary of adhesive/adherent. However, in 
B, failure is also initiated at an interface corner except it 
propagates interfacially only for 0.5-2mm before immediately 
deflects into adhesive layer. Here, B is defined as cohesive failure 
due to the appearance.  

It is observed that A is more likely to occur at 
aluminium/adhesive interface and B occurs at steel/adhesive 
interface. The magnitude of failure load for adhesive joints of B is 
much higher than A for t<0.3mm. A is ordinary since the bonding 
strength of the interfaces is weaker than the strength of adhesive 
or adherents. In contrast, if the surfaces preparations of the 
adherents are sufficient, particularly in the systems considered 
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here, failure may deviate away from interface corner and 
propagates inside the adhesive layer: cohesive failure. The failure 
initiation in both cases is always originated from interface corner 
proves that the stress singularity do exist at this point. From 
asymptotic solution, we measured the order of stress singularity, q 
at interface corner of steel/adhesive and aluminium/adhesive as 
0.22522 and 0.19659, respectively. We assume that the small-scale 
yielding conditions are satisfied at interface corner in both A and 
B cases, therefore, the interface corner toughness, Hc can be 
applied for predicting adhesive joints strength. Hc is defined by 

),(  QtH q
CC          (1) 

where Q is a non-dimensional constant function of the material 
elastic parameters [2]. Value of Q is taken as 0.5. From calculation, 
variation in values of Hc is moderate, hence suggests its validity 
as a material property. The average value of Hc for A and B is 
3.09MPa.mm0.19659 and 4.81MPa.mm0.22522, respectively. Using 
value of Hc in conjuntion with (1), inversely, joint strength can be 
predicted. Prediction line for A and B is represented by dash-dot 
and dash-dash line, respectively, as plotted in Fig. 2. The 
prediction is in good agreement with the measured data. 
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Fig. 2 Failure load against bond thickness, t 
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Fig. 3 a) Failure growth path, b) Interfacial crack propagation path 

 
In recent work, when adhesive joints with interfacial crack 

were fractured, fracture toughness, Jc exhibited independent of 
bond thickness, t [1]. Note that Jc is evaluated from failure load by 
means of J-integral calculation. Though, from observations of 
fracture surfaces, it is revealed, as similar to failure types in joints 
without crack, that the interfacial crack has propagated either A or 
B, as illustrated in Fig. 3 (b). In fact, we have been also able to 
determine the deviation angle of crack in B and the results 
correlated well with the prediction by maximum hoop stress 
criterion [1]. Hence, it is here necessary to reanalyze the toughness 
of each specimen with further consideration on their types of 
failure.  

First, we only consider the Jc which corresponds to joints that 
fractured cohesively and is plotted as a function of bond thickness, 
t, as shown in Fig. 4 (a). SEA and AES are referred to joints with 
steel-side and aluminium-side interfacial crack, respectively. 
Clearly, when scatter is neglected, Jc is indeed a material property 
that depends on the specific material combination in used. Thus, 
Jc is a valid fracture parameter for this case. Oppositely, if Jc for 
joints with interfacial failure is examined, it is found that Jc 
depends slightly on bond thickness, see Fig. 4 (b). Also, for joints 
with thin bond thickness, the ratio of bond thickness to inserted 
crack thickness is small which indicates that the crack tip is dull. 
Results in high toughness measured, especially in joints with 

t<0.4mm. Hence, Jc is not applicable for fracture toughness 
assessment in this case and consequently another fracture criterion 
is needed. We define interfacial toughness, Kc as follows  

2/)/(. tWaFaK ccc         (2) 
Interfacial toughness, Kc against bond thickness, t, is shown in Fig. 
5. Kc values vary moderately with bond thickness. It can be 
concluded that Kc is preferable to assess toughness of joints that 
fractured adhesively. 
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Fig. 4 Fracture toughness, Jc against bond thickness, t 
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Fig. 5 Interfacial toughness, Kc against bond thickness, t 
 
5. Conclusions 

The strength of adhesive joints without crack under remote 
tension load decreases with the increasing bond thickness. The 
interfacial corner toughness, Hc can be applied for predicting 
joints strength without crack. In addition, fracture toughness of 
adhesive joints with interfacial crack is independent of bond 
thickness. Jc is a valid fracture parameter only for adhesive joints 
that fractured cohesively. Besides, for adhesively fractured joints, 
Kc can be used. 
 
6. References 
[1]Mohd Afendi, Tokuo Teramoto, Proc. of Yamanashi District 
Conf., 2008, pp.243-244. 
[2]Akisanya, A.R., Meng, C.S., J. Mech. Phys. Solids 51, 2003, pp 
27-46. 

Tensile test without crack 

(a) Cohesive failure 

(b) Interfacial failure 

(a) (b) 


