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1. INTRODUCTION
Even though the usage of industrials adhesives is novel, with 
the developments increasingly in the areas such as aviation 
and automotive, industrial adhesives are replacing the con-
ventional joining methods such as welding and riveting. Ad-
hesively bonded joints provide many advantages such as not 
causing the crystal structure changes due to the melting and 
stress concentrations unlike the other conventional metho-
ds, bonding under the melting points, and also obtaining 
cleaner and smoother surfaces [1–3]. 

Numerical analysis of adhesively bonded joints is extremely 
important for comparison of experimental data and nume-
rical data, and predicting the effects of other parameters 
concerning the joint without experiments. For that purpose, 
different techniques (analytical modelling and numerical so-
lution) were used in the past to predict the force and stress 
distributions of composite joints used as adhesive. In litera-
ture, there are different analytical models used for analysis of 

adhesively bonded joints [4–6]. 

In order to ensure that the stress-free boundary conditions 
would be satisfied at the free ends, some researchers emp-
loyed two-dimensional elasticity theory in conjunction with 
the variational method, such as minimum strain method 
[7,8] and the principle of complementary energy method [9].   

Numerical methods present a general method for analysis 
of loading conditions and free geometries. Among the nu-
merical methods, finite elements methods (FEM) have been 
frequently used for analysis of the adhesively bonded joints, 
and in the literature, there are many analysis studies which 
are conducted by using finite element method [9–19].

Yet, in recent years, Cohesive Zone Material (CZM) method 
which is frequently used for analysis of adhesively bonded 
joints is used. The stress that causes the failure of the adhe-
sively bonded joints is the peel stresses which form in the 
ends of the overlap regions. The peeling stresses forms in the 
adhesive, causes the flaws, with the sudden propagation of 
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those flaws through the center, the failure occurs. To simula-
te this phenomenon which occurs in the adhesion region in 
the numerical analysis accurately, adhesion region should be 
modelled via CZM. There are many numerical analysis stu-
dies in the literature that conducted using the CZM  [20–24]
fatigue characteristics of single-lap joints (SLJ.

In spite of the coherence of experimental and numerical 
analyses in load carrying capacity, it is observed that in the 
means of the displacement analysis, there is incompatibility 
between those analyses [25–27]aerospace or aeronautical.

In the present study, single-lap joints were fabricated by 
using AA2024-T3 as material and two-component Araldi-
te 2015 as adhesive. Force-displacement curves of the sing-
le-lap adhesively bonded joints were obtained from strokes 
of two different tensile test machines which have identical 
calibrated load cells and video extensometer. The obtained 
experimental data was compared with the numerical analy-
sis data of the same joint.

2. MATERIAL AND METHOD
In the study, two-component Araldite 2015 produced by 
Huntsman (Basel, Switzerland) was used as adhesive ma-
terial. AA2024-T3 aluminium alloy which is widely used in 
aviation and automotive industries due to the light weight, 
processability, good physical and mechanical properties and 
high corrosion resistance was used as adherend material 
[28].

Table 1. Mechanical properties of AA2024-T3 aluminium allay and Araldi-
te 2015 adhesive

  Araldite 2015 AA2024-T3

E (MPa) 1834 ±53 70600 ±240

n 0.33 0.33

st (MPa) 21.4 ±1.1 485 ±15

et (%) 4.7 18

In the study, force-displacement curves of the single-lap 
overlap joint were studied both experimentally and nume-
rically. The joint geometry and the parameters used in the 
experimental study were given in Table 2 and Figure 1. Geo-
metries of the single-lap joints were divided into 4 categories 
according to displacement measurement method and tensi-
le test machine.

Table 2. Parameters used in the experimental study

Type Obtained Displacement Tensile Test Machine

Type-I Stroke Old

Type -II Video Extensometer Old

Type -III Stroke New

Type -IV Video Extensometer New

Figure 2. Single-lap overlap joint

For using in joint specimens, specimen was cut with preci-
sion saw in 25x11.5 mm dimensions from AA2024-T3 whi-

ch has 4.85 mm thickness (Figure 1). Afterwards, surface 
processing needs to be done since the performance of the 
bonded joints depend on the surface preparation processes. 
Therefore, wastes such as oil, grease, dirt and dust on the 
specimen surface were cleaned via 600 grade sandpaper. 
Then, via 1000 grade sandpaper, scratches on the specimen 
were removed. Specimens were washed with tap water and 
detergent and immersed in to acetone bath. The specimens 
taken out from the acetone bath were completely evapora-
ted in an oven at 60 oC, in this way surface preparation befo-
re the bonding process was completed.

The mold in Figure 3a was utilized in order to maintain the 
position of the bonding materials, adjust the adhesive thick-
ness and overlap length in desired dimensions, and to app-
ly uniform pressure on the joint specimens. Adhesive was 
applied to overlap regions by aid of a straightedge, and in 
order to obtain 0.16 mm bonding thickness, 0.16 mm thi-
ck metal pieces were placed to free ends of the specimens. 
Aluminium mold apparatuses which have same dimensions 
with specimens were placed to maintain the overlap lengt-
hs of the specimens and to provide uniform pressure. Then, 
placing the specimens to hot press, curing was performed 
under a pressure of 0.15 MPa for 120 min at 70 °C (Fig. 3b).

a)

b)

Figure 3. a) Bonding fabrication mold, b) Bonding specimens after curing

A total of 12 single-lap bonding specimens were produced 
from each bonding configuration, including three samples. 
The tensile tests of the adhesively bonded joints were perfor-
med with two different tensile test machines under 1 mm/
min crosshead speed. The first of these machines is compu-
ter controlled universal tensile test device Shimadzu AG-I 
(Japan) which is recently calibrated and being used actively 
for 10 years (the old one) in Atatürk University (Figure 4a). 
And the second is the computer controlled universal tensile 
test device Instron-5982 (USA) which is also recently calib-
rated and being used almost for one year (the new one) in 
Erzurum Technical University (Figure 4b).

In the study, force-displacement curves of the joints were 
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obtained from both strokes of the test devices and video 
extensometers. As depicted in Figure 5, in order to obtain 
displacement curves from the video extensometers measu-
rement tapes were placed on the joint specimens.

a)

b)
Figure 4. a) Shimadzu AG-I (Japan) universal tensile test device (old), b) 

Instron-5982 (USA) universal tensile test device (new).

Figure 5. The placement of the measurement tapes on the joint speci-
men.

The specimen dimensions, loading and boundary conditi-
ons used in finite element analyses were same with the expe-
rimental study, and the analyses were performed via ANSYS 
16 package programme modelling 3D. In 3D analyses, both 
adhesive and adherend materials were modelled using ele-
ments having three degree of freedom and 20 nodes (Solid 
186), and the mechanical properties given in Table 1 utilized 

to model the both adhesive and adherend materials.

Also, for the adhesive layer in numerical analysis Cohesive 
Zone Material (CZM) model was utilized and the CZM pa-
rameters of the adhesive material are given in Table 2. Here 
in, GIC (the tensile critical strain energy release rate) was ob-
tained from the experiment of the double cantilever beam 
joint and GIIC (the shear critical strain energy release rate) 
was obtained from the thick adherend shear test.

Figure 6. Finite element model of the single-lap overlap joint

Table 3.  Properties of the adhesive for the CZM model

 (MPa) GIC (N/mm)  (MPa) GIIC (N/mm)

20.8 0.48 18.3 5.28

3. RESULTS AND DISCUSSION
Three specimens for each adhesively bonded single-lap joint 
types (Type-I, Type-II, Type-III and Type-IV) were tested 
and according the average of these specimens force-displa-
cement curves were obtained. When the graphs given in Fi-
gure 7 are examined, it is seen that the force obtained from 
both the strokes and the extensometers of the both devices 
are close to each other.

Figure 7. Comparison of the force-displacement curves obtained from 
the strokes and video extensometers of the tensile device a) Shimadzu 

AG-I (old device), b) Instron-5982 (new device).



145 European Mechanical Science, December 2019; 3(4): 142-146        
           doi: https://doi.org/10.26701/ems.646610

Ahmet Çalık, Salih Akpınar

But in the means of the displacement, it was seen that, the 
difference of the data obtained from the stroke of the Shi-
madzu AG-I (the old device) and its extensometer is almost 
380% and that difference for the Instron-5982 (the new de-
vice) was almost 227%. Considering this situation, it is cle-
arly understood that the value of the force obtained from 
the load cell of the calibrated tensile device is accurate while 
the displacement value obtained from the stroke of the devi-
ce is erroneous. That difference is caused by addition of the 
displacement data due to the friction between the specimen 
and the jaw of the device during the test and the gaps in the 
connector elements of the device.

In comparison of two different devices (given in Figure 8), 
while the force values obtained from the load cells of the 
devices are close to each other, difference of the displace-
ment values obtained from the strokes of the devices is al-
most 36% (Figure 8a). That difference of the displacement 
data (difference between Type-I and Type-II) obtained from 
the both calibrated devices is caused by the wear in the jaws 
and other connector elements of the devices due to active 
usage. But, as it can be seen in Figure 8b, difference of the 
displacement data obtained from the video extensometers 
of the both calibrated devices is almost 2% which is an igno-
rable value. This shows that no matter what device (old, new 
or different brand) is, displacement data of the specimen 
should be obtained from the extensometer of the device (vi-
deo or contact extensometer).

Figure 8. Comparison of two different tensile devices a) Data obtained 
from strokes, b) Data obtained from extensometers.

As it is shown in Figure 9, the force-displacement curves re-
sulted from the numerical analysis are fairly compatible with 
the force-displacement curves (Type II and Type-IV) obtai-
ned from the extensometers of the both tensile devices. But 
in contrary, when the displacement data obtained from the 
strokes of the devices are compared with numerical analysis 
results, there is a significant difference (Figure 9a and 9b).

 

Figure 9: Comparison of experimental and numerical analyses results a) 
Shimadzu AG-I (the old device), b) Instron-5982 (the new device).

4. CONCLUSIONS
The result revealed in this study can be concluded as fol-
lowing;

• Difference of the displacement data obtained from 
stroke and extensometer of the tensile device varies 
between 227% and 380%. Considering this situation, it 
is concluded that; force value of the test obtained from 
the load cell of the calibrated tensile device is accurate 
but the displacement data obtained from the stroke of 
the device is erroneous.

• While the force values obtained from the load cells 
of the tensile devices Shimadzu AG-I (the old device) 
and Instron-5982 (the new device) are similar to each 
other, the difference of the displacement data obtained 
from the strokes of the devices is almost 36%. That 
difference of the displacement data obtained from the 
both calibrated devices is caused by the wear in the 
jaws and other connector elements of the devices due 
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to active usage.

• Difference of the displacement data obtained from 
the video extensometers of calibrated tensile devices 
Shimadzu AG-I (the old device) and Instron-5982 (the 
new device) is almost 2% which is an ignorable value.

• The force-displacement curves resulted from the 
numerical analysis are fairly compatible with the force-
displacement curves obtained from the extensometers 
of the tensile devices Shimadzu AG-I (the old device) 
and Instron-5982 (the new device).
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