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Abstract—This paper deals with strength and failure prediction 

of V-shaped epoxy adhesive joint. The effect of scarf angle and 

bond thickness upon the joint strength is investigated by tensile 

test. A simple failure criterion is also proposed based on 

experimental results obtained. The proposed criterion can 

approximately predict the failure stress of V-shaped adhesive 

joint specimen.  
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I.  INTRODUCTION 

Adhesive bonding is an important technique that has been 

used since the ancient times. It is now being used widely in 
construction and industrial structures, etc.. Moreover, the 
exploitation of composite materials and adhesives has greatly 

increased because they offer lighter, more compact and high 
performance structures. 

Adhesive bonding has various benefits: covers a wide range 
of joining, possibility to join very thin sheet and small parts. 
With the application of adhesive bonding, the improvement of 
products and production processes also becomes possible. 
However, adhesive bonding also has disadvantages, such as 

limited heat resistance and unavailability of non-destructive 
testing. Definitely, adhesive bonding is an important 

parameter in structural design. It also has a significant impact 
on the reliability of the structure. Therefore, it is crucial to 
understand the influence of adhesive upon strength properties 

of bonded structures. 
In the previous studies, fracture testing of adhesive joint 

has been conducted using a room temperature curing two-part 

epoxy adhesive resin, which is widely used in general. Tensile 
tests were conducted by varying the thickness of adhesive 

layer and scarf angle, where a significant effect on fracture 
stress and morphology of adhesive joint has been revealed 
[1-4]. In addition, tensile tests were conducted in the shear 

direction, suggesting the effect of shear stress upon fracture 
properties [5]. 

In this study, tensile test specimen of V-shaped adhesive 
joint was manufactured using stainless steel as adherents. In 
comparison to scarf joint, V-shaped adhesive joint has 

relatively less eccentricity effect. Tensile test was carried out 
to investigate the effect of scarf angle and bond thickness 
upon the strength property, to examine the relationship 
between strength and fracture morphology, and to establish the 
fracture criterion involved. 

II. EXPERIMENTAL PROCEDURES 

In this study, a two-part room temperature curing epoxy 

adhesive resin (Hi-Super 30, produced by Cemedine, Co., 
Japan) was used. V-shaped adhesive joint specimen is made of 

stainless steel (i.e. SUS304). Fig.1 shows the shape of the 
specimen. 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. The 
bonding surface was polished with sandpaper, so that the 
surface roughness was uniform for each specimen. The bond 
thickness, t was adjusted using a special jig (i.e. t = 0.2mm, 

0.6mm, and 1.0mm. Also, various scarf angle, θ was 
considered (θ = 30˚, 45˚, 60˚, 75˚, and 90˚). All specimens 
were cured at R. T. over than 24 hours. 
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Figure 1. Geometry of V-shaped adhesive joint specimen 

 
 

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 test of V-shaped specimen was conducted at room 
temperature using universal testing machine (INSTRON) with 
0.5mm/min crosshead speed, and 10kN maximum load. 
Summary of experimental condition is given in Table 2. Load 
and displacement were measured up to the failure point. 
Tensile tests carried out at least eight times for each condition. 
In addition, some experiments on specimens with pre-mounted 
strain gauge were performed. 

 

III. RESULTS AND DISCUSSION 

A. Failure stress and morphology 

The nominal stress and the normal stress in the V-shaped 
adhesive joint having bond thickness of 1.0mm, 0.6mm, and 
0.2mm with regard to the variation of scarf angle, are shown in 
Fig. 2 and Fig. 3, respectively. It is understood from Fig. 2 that 
the smaller the bond thickness, the greater the fracture stress is. 
In addition, it is clear that the y-direction stress increases as 
scarf angle becomes smaller. In contrast, the smaller the scarf 
angle is, the normal stress is decreased, as can be observed 
from Fig. 3. It is believed that when the scarf angle becomes 
more acute, the stress in the y-direction will increase due to the 
increased bonding area. 

 

 

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. 

 
 

TABLE 2 EXPERIMENTAL CONDITION 
 

Parameter Value 
Adhesive angle, θ  (deg) 90, 75, 60, 45, 30 
Bond thickness, t  (mm) 1.0, 0.6, 0.2 
Number of specimen, n 8 
Experimental temperature R.T. 
Crosshead speed (mm/min) 0.5 
Maximum load (kN) 10 

 

 

 In addition, the failure surface of specimen is more prone 
to interface failure when scarf angle becomes more acute. 
Meanwhile, the results also showed that specimen with scarf 
angle closer to 90˚ fails cohesively. In general, adhesive joint 
with cohesive failure has higher strength than those with 
interface failure. In this experiment also, with regard to the 
normal stress, when scarf angle is closer to 90˚ the interface 
failure as well as strength are increased. Since this experiment 
also showed a similar trend, it can be concluded that a good 
results has been obtained. 

Fig.4 shows the shear stress in the adhesive joint with 
regard to variation of scarf angle. It is also confirmed that the 
smaller the thickness of the adhesive layer, the higher the 
strength is. In addition, in each bond thickness, the shear stress 
is increased if scarf angle becomes more acute. When the scarf 
angle is more acute, the shear stress will increase and interface 
failure is likely to occur. Therefore, shear stress is thought to be 
dominant factor in interfacial failure. 

 

 
 

Figure 2. Nominal stress against scarf angle 
 

 



 
 

Figure 3. Normal stress against scarf angle 

 

  
 

Figure 4. Shear stress against scarf angle 

 

B. Failure criterion 

In this section, the failure criterion is estimated from the 
experimental results. First, stress normal to the direction of the 
adhesive layer of the specimen at failure, and shear stress at 
failure are defined as σnc and τsnc, respectively. That is, 

              
θσσ sinycnc = , θθστ cossinycsnc =

       
（1） 

are defined. Thus, from the relation between σnc and τsnc, 

constsncnc =+
22

τσ
                          

（2） 

can be derived. 

Here, the shape of the specimen in the following relation is 
considered 

              
WL yy σσ ='

       
（3） 

 

where, σy’ is the y-direction stress along the adhesive layer, σy 

is the nominal stress, L is the length of the adhesive layer, and 
W represents the width of the model. Then, from expressions 
(2) and (3), the following relationship is derived. 

                                                 
constyc ='σ

        
（4） 

Fig.5 shows the relationship between σyc’ and t obtained in this 
study. From this result, it is observed that failure stress in the 

y-direction along the adhesive layer, σyc’ is exponentially 

proportional to the bond thickness, t which can be expressed 
as follows 

                 

n

yc mt='σ
          

（5） 

Here, m and n are constants which can be determined 
experimentally. The failure criterion expression of this 

experiment, 

                

35.005.8' −
= tycσ

       
（6） 

is derived. From this form of failure criterion expression, for 
particular material and shape geometry used in this 
investigation, it is considered that the failure can be roughly 
predicted. 

 

 
 

Figure 5. The fracture stress-bond thickness prediction diagram 

 

IV. CONCLUDING REMARKS 

In this study, tensile tests were conducted on V-shaped 
epoxy adhesive joint having various scarf angles and bond 
thicknesses. The following findings were obtained. 

• The fracture stress is greater when the bond thickness 
is reduced. 

• The direction of the normal stress showed the same 
tendency as the interface strength properties. 

• The strength of specimen with the cohesive failure is 
greater than those with interfacial failure. 

• The fracture morphology is governed by the shear 

stress. 

• The failure is more dependent on the bond thickness 
than scarf angle of V-shaped adhesive joint. 

• Failure criterion for V-shaped adhesive joint is 

proposed. It has a considerable potential to 
approximately estimate the specimen failure stress. 
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