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experiments combined with FEM calculations taking account of the strain rate dependency property of

the adhesive. It is obtained that rupture initiates at the interface of the adherend with higher Young’s

modulus (steel side in this study) in the joint under impact tensile loadings, which shows the opposite

characteristic in the same type of joint under static loadings. A fairly good agreement is observed

between the experimental measured and FEM calculated results. In addition, it is also found that the

strength of the joint with dissimilar adherends is smaller than that of the joint with similar adherends

when the joint is subjected to the impact tensile loadings owing to the different extent of the wave

impedance mismatch which depends on the material properties. Finally, the design guideline for the

single-lap adhesive joint is summarized and provided.

& 2013 Elsevier Ltd. All rights reserved.
1. Introduction

It is well known that the adhesive, which is provided with a
prominent advantage of joining with dissimilar materials even
non-metal [1], has been used widely to join various materials
together to meet various requirements in automotive and aero-
space industries, particularly for joining glass fiber reinforced
plastics (GFRP) to metals [2]. Sawa et al. have studied the
properties of the adhesive joints with dissimilar adherends under
static loadings, including the butt [3], single-lap [4] and stepped-
lap [5] adhesive joints. They concluded that the rupture initiates
at the interface of the adherend with higher Young’s modulus in
the butt (under tensile loadings) and the stepped-lap (under
bending moment) adhesive joints. Meanwhile, the rupture initi-
ates at the interface of the adherend with smaller Young’s
modulus in the single-lap (under tensile loadings) adhesive joints
because of the peel stresses.

Generally, the adhesive joints are subjected to short duration
dynamic loadings in service [2]. Early investigations [6,7] gave the
assessment for measuring the impact strength of the adhesive
joints. Sato et al. [8–10] carried out a series of researches about
the impact behaviors of the adhesive joints under impact load-
ings. Yokoyama et al. [11,12] introduced the split Hopkinson bar
techniques which are used widely in the impact experiments of
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the adhesive joints. Sawa et al. studied the properties of the
single-lap adhesive joints with similar [13] and dissimilar [14]
adherends, plates butt adhesive joints [15], cylindrical butt
adhesive joints with similar [16] and dissimilar hollow cylinders
[17] under impact loadings. Maheri and Adams [18] researched
the dynamic shear modulus in thick adherend shear test speci-
mens under a high frequency. Vaidya et al. [19] carried out the
experimental-numerical studies of the responses of the single-lap
adhesive joints under transverse impact loadings. Goglio and
Rossetto [20] examined the impact rupture of the adhesive joints
under different stress combinations. Challita and Othman [21]
examined the influence of material, geometrical and dynamic
parameters on the accuracy of the SHPB results of the double-lap
adhesive joints.

In the present study, in order to establish a rational design
method for single-lap adhesive joints, it is necessary to know the
different mechanical properties of the joints with similar and
dissimilar adherends under impact tensile loadings as well as
static loadings to provide design guideline under definite working
conditions via experiments and FEM calculations. The strain rate
dependency property of the adhesive, the strain responses of
dissimilar adherends and strengths of the joints subjected to the
impact tensile loadings are measured experimentally. Meanwhile,
the interface stress wave propagations and distributions of the
same type joints are examined using FEM calculations taking
the adhesive strain rate sensitivity into consideration. In addition,
the interface stress distributions of the joint under sudden load-
ings are also examined as a special condition for distinguishing the
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Table 1
Material parameters of adhesive (SW1838).

C P k (MPa) n r (kg/m3) E (GPa) n

1.026 1.506 64.522 0.046 1.13�103 3.34 0.38
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different properties compared with the joint under static condi-
tions. Furthermore, the characteristics obtained under impact/
static conditions of the joint with similar/dissimilar adherends
are compared with each other. Finally, the design guideline for the
single-lap adhesive joint is summarized and provided.
Table 2
Material parameters of dissimilar adherends (aluminum–steel).

r (kg/m3) E (GPa) n

Aluminum (A5052) 2.6�103 70 0.34

Steel (S45C) 7.8�103 206 0.31
2. Experiments and FEM calculations

2.1. Mechanical properties of the adhesive and the adherends

The adhesive employed in the present study is 3M
TM

Scotch-
Weld

TM

Epoxy Adhesives 1838 B/A (SW1838). SW1838 is two-
part, room temperature curing structural adhesives with high
shear strengths and excellent environmental resistance [22].
The strength prediction of the joint under static loadings, which
is determined when the maximum value of the maximum
principal stress reaches the measured rupture stress of the
adhesive in the vicinity of the adhesive interface edges, is based
on the measured stress-strain curve of the adhesive under static
condition [5,23]. However, the plastic flow deformation behaviors
of structural adhesives, which are sensitive to the strain rate,
should be taken into account to evaluate the impact strengths of
the adhesive joints.

In this study, the Cowper–Symonds constitutive model taking
into account the strain rate dependency is applied to describe the
plastic flow characteristic of the structural adhesive [24], which is
the versatile model in various analyses. Iwamoto et al. [25] and
Nagai et al. [26] have examined the deformation behavior and
strain rate sensitivity of epoxy resin (SW1838) using experiments
(INSTRON-type material testing machine and a split Hopkinson
bar apparatus) and FEM simulations in the entire range of strain
rate from 10�4/s to 103/s. Fig. 1 shows the true stress–true strain
curves of the structural adhesive SW1838 measured experimen-
tally (solid line), and the comparison with the FEM calculations
(dash line) using Cowper–Symonds model in the strain rate range
from 10�3/s to 100/s, which are obtained from the previous
investigations [27]. It can be observed that the yield stress of
the bulk adhesive increases as the strain rate increases.
In addition, it also can be found that the strain rate dependency
behavior of the adhesive can be expressed by Cowper–Symonds
model calculations appropriately.

In the present study, same experimental setups and analytical
methods [25–27] are adopted to examine the plastic flow defor-
mation behavior of the adhesive under the environment tem-
perature 293 K. Based on the experimental results considering
Fig. 1. Comparison of true stress–true strain curves of the structural adhesive

measured experimentally and Cowper–Symonds model calculations [27].
different strain rates, the material parameters of the adhesive can
be obtained as shown in Table 1, where C and P are the Cowper–
Symonds strain rate parameters, k is the strength coefficient, n is
the hardening coefficient, r is the density, E is Young’s modulus
and n is Poisson’s ratio.

The aluminum (A5052) sheets and the steel (S45C) sheets are
chosen as adherends. Table 2 shows the material parameters of
dissimilar adherends (aluminum–steel) of the single-lap adhesive
joints.

2.2. Impact tensile tests

The strain responses and the strengths of the single-lap
adhesive joints with dissimilar adherends (aluminum–steel) sub-
jected to the impact tensile loadings were measured via series of
drop weight impact tests. Fig. 2 shows the dimensions of the
specimens with strain gauges (A and B) used in the experiments.
The dimensions of each adherend are the same: the effective
length of the adherends is 100 mm, the width is 20 mm and the
thickness is 10 mm. The thickness of the adhesive layer is chosen
as 0.1 mm. The overlap length of the dissimilar adherends
(aluminum–steel) is 25 mm. Strain gauges (A for Aluminum side
& B for steel side), with the dimensions of 5.0 mm in length and
2.5 mm in width, are glued at the opposite surfaces of the
dissimilar adherends as shown in Fig. 2. The strain responses in
the tensile direction are measured using them, which are located
in the middle along the width of the joint.

The joints are placed on the testing equipment as shown in
Fig. 3 and are subjected to the impact loadings by dropping a
weight-hammer [28]. The impact component with a mass of
18.5 kg is dropped to the joint from a height H and then with
the contact initial velocity V when it impacts on the upper end of
the jigs. The compressive impact load can be turned into tensile
impact load using the two combined jigs. For the initial impact
velocity V, which is defined using the initial height of the
dropping weight-hammer H, is expressed as V ¼

ffiffiffiffiffiffiffiffiffi
2gH

p
(where

‘g’ is acceleration of gravity). During the experiments, the alumi-
num adherend is located at the upper and the steel adherend is
located at the lower, as shown in Fig. 3. The strain responses
(tested by strain gauges A and B glued on the surfaces of the
dissimilar adherends, respectively) were recorded using an ana-
lyzing recorder and dynamic amplifiers. In addition, the impact
rupture strengths of specimens, characterized by the impact
energy IE¼1/2MV2, were also measured.

2.3. 3D FEM calculations

The dimensions and constraints of the FEM model adopted in
the present paper are defined in Cartesian coordinates (x, y, z)
system. As shown in Fig. 4, Adherend [I] (aluminum) and



Fig. 2. Dimensions of the test specimens (Unit: mm).

Fig. 3. Experimental setup for impact tensile tests.

Fig. 4. Model and designations of dimensions for the FEM calculations for

single-lap adhesive joint with dissimilar adherends (aluminum–steel).
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adherend [III] (steel) are adhered to the adhesive layer [II] (epoxy
resin) at the ends. In FEM calculations, the impact tensile loadings
are applied to the free end of the adherend [III] (steel) connected
with a mass equivalent to the dropping weigh-hammer with the
initial impact velocity V and the gravity acceleration g. For the
boundary conditions of the single-lap adhesive joint with dissim-
ilar adherends subjected to the impact tensile loadings, the
definitions are as follows (as shown in Fig. 5): The upper end of
the adherend [I] (aluminum) is fixed in all the directions. The
lower end of the adherend [III] (steel) is fixed both in the
x-direction and y-direction. It can only move through the z-direction
when the joint is subjected to the impact tensile loading. The
connected mass, which is also fixed both in the x-direction and
y-direction, moves along the z-direction. The material of the
adherends [I] and [III] are assumed to be linear isotropic elastic
model using destiny r, Young’s modulus E and Poisson’s ratio n.
Cowper–Symonds model [24], which is nonlinear inelastic sensi-
tive to the strain rate, is applied to define adhesive layer [II].
The values of the dimensions and material parameters defined are
the same as those used in the experiments.

Fig. 6 shows an example of mesh divisions in FEM for the joint
with dissimilar adherends (aluminum–steel) subjected to the
impact tensile loadings. 3D SOLID164 elements are used.
In particular, the minimum size of the element at the interfaces
is chosen as 10 mm. The numbers of elements and nodes employed
are 8000 and 10,175, respectively. The FEM code (ANSYS/LS-
DYNA) employed is explicit. In the present study, impact velocity
is assumed to be small, so that it can be considered as dynamic
problem with low strain rate.
3. Results and discussion

3.1. Experimental results

Fig. 7 shows the comparisons of the strain responses between
the experimental (designations ‘J’ and ‘&’) and FEM calculated
(solid and dash lines) results of the single-lap adhesive joint with
dissimilar adherends (aluminum–steel) subjected to the impact
tensile loadings. As shown in Fig. 7, the ordinate represents the
strain ez in the z-direction, which is the maximum value (peak
value of the strain wave) of the strain in the z-direction at point A
where the strain gauge was glued at the surface of the adherend
[I] (aluminum) and at point B where the strain gauge was glued at
the surface of the adherend [III] (steel), respectively. The abscissa
is the initial height of the dropping weight hammer H. The FEM



Fig. 5. Boundary conditions in FEM calculations for single-lap adhesive joint with

dissimilar adherends (aluminum–steel) under impact tensile loadings.

Fig. 6. An example of the element divisions in FEM for single-lap adhesive joint

with dissimilar adherends (aluminum–steel).

Fig. 7. Comparison of the strain responses between the experimental and FEM

calculated results (the strain responses in the z-direction were measured using

strain gauges glued at point A for aluminum side and at point B for steel side,

respectively).

Table 3
Measured joint strength under impact tensile loadings.

H (mm) IE (J) No. (Specimens)

1 2 3 4 5 6 7

20 3.626 � � � � � � �

25 4.533 � � � � � � �

30 5.439 � � � � � � �

31 5.620 � � � � � � �

32 5.802 � J � J J � �

33 5.983 J J J J J J J

Notes: (� ) No-rupture, (J) Rupture.
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calculated results are in good agreement with the corresponding
experimental results taking account of the strain responses.

From the comparison, it can be observed that the results show
the increasing trend of the strain values as the initial height of
dropping weight-hammer H increases. In addition, it can be
obtained that the strain response values at point A are larger
than those at point B at the corresponding impact initial height H.
It can be assumed that the strain energy of the adherend [I]
(aluminum) with smaller Young’s modulus is higher than that of
the adherend [III] (steel) with higher Young’s modulus.

Table 3 shows the experimental results for the joint strength
estimation. In the experiments, the initial height of the dropping
weight-hammer H was varied as 20 mm, 25 mm, 30 mm, 31 mm,
32 mm and 33 mm, respectively. Seven (denoted as 1–7) specimens
were subjected to the impact tensile loadings with the variation
of the initial height H for each specimen of single-lap joint.
The designation ‘� ’ indicates no-rupture; while the designation ‘J’
demonstrates that the rupture occurs in the experiments. The value IE

(defined as 1/2MV2), which is used as description of the rupture
strength, is varied according to the variation of the initial height of the
dropping weight-hammer H. The impact rupture strength of the
single-lap adhesive joint with dissimilar adherends (aluminum–steel),
as an example in this study, can be estimated over 5.983 J
(M¼18.5 kg, H¼33 mm, V¼804 mm/s).

3.2. Results of FEM calculation

In the FEM calculations, the weight-hammer was dropped
from a height H¼25 mm and the initial impact velocity (V ¼ffiffiffiffiffiffiffiffiffi

2gH
p

) of the mass (as shown in Fig. 5) was chosen as
V¼700 mm/s.

Fig. 8 shows 18 key points, which are denoted as p1, p2, p3, p4, p5,
p6, p7, p8, p9, p10, p11, p12, p13, p14, p15, p16, p17 and p18, to describe the
stress wave propagations and interface stress distributions in the
adhesive layer of the single-lap adhesive joint with dissimilar
adherends (aluminum–steel) subjected to the impact tensile loadings
to predict the rupture position. Table 4 shows the positions of the
eighteen points (p1–p18). From the isometric view point, the upper,
middle and lower interfaces can be counted the six points in antic-
lockwise, respectively. Owing to the singularity, the stresses should
be examined at a selected distance from the singular point [29–33]. In
the present study, the positions in the vicinity of the interface edges
are chosen as z/l2¼70.8.

Fig. 9 shows the maximum principal stress s1 wave propaga-
tions at the eighteen points (p1–p18), those are at the upper
(p1–p6), middle (p7–p12) and lower (p13–p18) interfaces (x/t2¼1.0,
adhered to [I] & x/t2¼0.0 & x/t2¼�1.0, adhered to [III] ) of the
single-lap adhesive joint with dissimilar adherends (aluminum–
steel) subjected to the impact tensile loadings, respectively. The
ordinate is the value of the maximum principal stress s1. The
abscissa is the elapsed time t simulated in ANSYS/LS-DYNA, which
is chosen as 0.3 ms.



Fig. 8. Eighteen key points for prediction rupture position of the single-lap adhesive joint with dissimilar adherends (aluminum–steel) under impact tensile loadings

(in anticlockwise numbering).

Table 4
Positions of the eighteen points (p1–p18).

No. x/t2 y/w z/l2 No. x/t2 y/w z/l2

p1 1.0 �1.0 0.8 p10 0.0 1.0 �0.8

p2 1.0 �1.0 �0.8 p11 0.0 1.0 0.8

p3 1.0 0.0 �0.8 p12 0.0 0.0 0.8

p4 1.0 1.0 �0.8 p13 �1.0 �1.0 0.8

p5 1.0 1.0 0.8 p14 �1.0 �1.0 �0.8

p6 1.0 0.0 0.8 p15 �1.0 0.0 �0.8

p7 0.0 �1.0 0.8 p16 �1.0 1.0 �0.8

p8 0.0 �1.0 �0.8 p17 �1.0 1.0 0.8

p9 0.0 0.0 �0.8 p18 �1.0 0.0 0.8
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It can be found that the maximum value of the maximum
principal stress s1 at the point p6, p12, p15 is the largest at each
plane (upper, middle and lower), respectively. Among them, the
maximum value at the point p15 is the largest [35.88 MPa, as
shown in Fig. 9(c)]. Furthermore, the three points (p6, p12 and p15)
are all located in the plane where y/w¼0.0. Thus, the vertical
middle plane (y/w¼0.0) is chosen to examine the stress wave
propagations and stress distributions of the single-lap adhesive
joint with dissimilar adherends (aluminum–steel) subjected to
the impact tensile loadings in this study. For examining the stress
distributions at the interfaces, upper interface (aluminum side,
p6–p3, solid line), middle plane (in the adhesive layer, p12–p9,
dash line) and lower interface (steel side, p18–p15, dotted line) are
chosen, which also as shown in Fig. 10.

Fig. 10 shows the maximum principal stress s1 distributions at
the upper interface (t¼0.132 ms, when the maximum value of the
maximum principal stress s1 at point p6 occurs), middle plane
(t¼0.117 ms, when the maximum value of the maximum princi-
pal stress s1 at point p12 occurs) and lower interface (t¼0.069 ms,
when the maximum value of the maximum principal stress s1 at
point p15 occurs). The abscissa is the position described by the
normalized value z/l2 and the ordinate is the value of the
maximum principal stress s1. It is observed that the stress
increases as the position close to the interface edges, which is
one of the main reasons to cause the rupture of the joint due to
the steep stress near the edges of interfaces [34,35]. The value of
the stress near the interface edge (z/l2¼�0.8) at the lower
interface (steel side) is the largest. During the stress wave
propagations, the extents of the wave impedance mismatch are
different between the two interfaces (aluminum side and steel
side) bonded with adhesive owing to the different material
properties of the adherends. The wave impedance mismatch of
the steel to the adhesive is larger than that of the aluminum to
the adhesive, which is the assumed reason for leading to the
larger stress at the steel side in the joint under impact loadings.
It can be assumed that the rupture initiates near the interface
edge at the lower interface, which of the adherend with the
higher Young’s modulus (steel side), in the single-lap adhesive
joint with dissimilar adherends (aluminum–steel) subjected to
the impact tensile loadings. This result is opposite to that of the
single-lap adhesive joint with dissimilar adherends subjected to
the static tensile loadings, which the maximum value of the
maximum principal stress occurs near the interface edge of the
adherend with the smaller Young’s modulus [4].

Fig. 11 shows the effects of Young’s modulus ratio E1/E3 on the
maximum principal stress s1 wave propagations at the two key
points (p6 and p15) [Fig. 11(a)] and the maximum principal stress
s1 distributions (at the upper and lower interfaces) [Fig. 11(b)].
Young’s modulus of the adhesive layer [II] E2 and that of the
adherend [I] are held constant as 3.34 GPa and 70 GPa, respec-
tively. Young’s modulus of the adherend [III] E3 is chosen as
206 GPa, 140 GPa and 70 GPa (similar adherends condition),
respectively. Correspondingly, Young’s modulus ratio E1/E3 varies
as 0.34, 0.5 and 1.0, respectively.

In Fig. 11(a), the abscissa is the elapsed time t simulated in FEM
calculations and the ordinate is the values of the maximum
principal stress s1 at different points. It is found that the maximum
principal stress s1 increases as Young’s modulus ratio E1/E3

increases at the point p6, which is at the upper interface (aluminum
side). However, the effect is very small. In addition, it can be found
that the maximum principal stress s1 increases as Young’s modulus
ratio E1/E3 decreases at the point p15, which is at the lower interface
(steel side). Furthermore, it can be found that the time point when
the peak value of the maximum principal stress s1 occurs is later
when Young’s modulus of adherend [III] E3 smaller at point p15. The
reason is assumed that the extent of the wave impedance mismatch
decreases as the adherend [III] Young’s modulus E3 decreases with
respect to that of the adhesive. Moreover, the abscissa z/l2 in
Fig. 11(b) is the position and the ordinate is the value of the
maximum principal stress s1, the maximum values of the stresses
can be seen near the interface edges.

It can be concluded that the rupture initiates at the interface
where Young’s modulus of the adherend in the joint under impact
tensile loadings is larger (steel side in this study) with higher
extent of the wave impedance mismatch to the adhesive layer.
Furthermore, when Young’s modulus ratio E1/E3 approaches 1.0,
the joint strength increases as the maximum value of stress
decreases near the interface edges. It can be concluded that the
strength of the joint with dissimilar adherends is smaller than
that of the joint with similar adherends.

3.3. Discussion

According to our previous investigation [28], it can be obtained
that the maximum principal stresses near the interface edges
increase as the initial impact velocity V increases owing to the



Fig. 9. Maximum principal stress s1 wave propagations at the eighteen points (p1–p18) at the upper, middle and lower interfaces (x/t2¼1.0, adhered to [I] & x/t2¼0.0 & x/

t2¼�1.0, adhered to [III]) of the single-lap adhesive joint with dissimilar adherends (aluminum–steel) under impact tensile loadings. (a) Upper interface, (b) middle plane

and (c) lower interface.

Fig. 10. Maximum principal stress s1 distributions through the upper, middle and

lower interfaces in the single-lap adhesive joint with dissimilar adherends

(aluminum–steel) under impact tensile loadings.
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increment of the impact energy. When the initial impact velocity
V as small as possible even approaches zero as a special case, the
external loading can be considered as a sudden loading instead of
static loading.

When the joint with dissimilar adherends (aluminum–steel)
subjected to the static tensile loadings, the static force is defined
as the same external force with that of the joint subjected to the
sudden loadings. Using static and impact subroutines, the static
and dynamic performances of the joint can be calculated, respec-
tively. Sawa et al. [4] have examined the single-lap adhesive
joint with dissimilar adherends under static loadings with the
conclusions that the rupture initiates at the interface of the
adherend with smaller Young’s modulus (aluminum side in this
study). Thus, the interface of the adherend with smaller Young’s
modulus (aluminum side, upper interface) is chosen to examine
the interface stress distributions of the joint under static tensile
loadings.

Fig. 12 shows the comparison of the interface stress distribu-
tions at the upper and lower interfaces (as shown in Fig. 10)
between the joint with dissimilar adherends (aluminum–steel)
subjected to the impact (sudden loadings) and static tensile
loadings. It can be observed that when the initial impact velocity
V indefinitely approaches zero, the peak stress value at the lower
interface (steel side) is larger than that at the upper interface
(aluminum side). In addition, it can be found that the values of the
maximum principal stress s1 distributions of the joint subjected
to the impact tensile loadings (sudden loadings) is larger than
those of the joint subjected to the static loadings.

Based on the comparison between the characteristics of the
single-lap adhesive joint with dissimilar adherends (aluminum–
steel) subjected to the impact and static loadings, it can be found
that the positions of the rupture initiation are different, which at
the interface of the adherend with higher Young’s modulus (steel
side) of the joint subjected to the impact loadings because of the
larger extent of the wave impedance mismatch to the adhesive
layer and at the interface of the adherend with smaller Young’s
modulus (aluminum side) of the joint subjected to the static
loadings, respectively.



Fig. 11. Effects of Young’s modulus ratio E1/E3 (E2¼3.34 GPa, E1¼70 GPa, l2/t2¼250, t1/t2¼100, l1/l3¼1.0, t1/t3¼1.0, 2w¼20 mm, V¼700 mm/s). (a) Maximum principal

stress s1 wave propagations at the point p6 and the point p15 and (b) maximum principal stress s1 distributions at upper (aluminum side) and lower (steel side) interfaces.

Fig. 12. Comparison of the maximum principal stress s1 distributions at the upper

and lower interfaces of the single-lap adhesive joint with dissimilar adherends

(aluminum–steel) under impact tensile loadings (sudden loadings) with those of

the joint under static tensile loadings.

Table 5
Guideline for designing single-lap adhesive joint with similar and dissimilar

adherends under static and impact tensile loadings.

objects Joint types

Similar adherends

(E1¼E3)

Dissimilar adherends (E1aE3)

E1 m Difference (E1 & E3)m

Static tensile loadings
s1 k [35] m [4]

Strength m [35] k [4]

Rupture

initiated

position

y/w¼0.0

Upper and lower

interfaces: x/t2¼71.0

[35]

y/w¼0.0 Upper interface (smaller

Young’s modulus side): x/t2¼1.0

Impact tensile loadings
s1 m [28] m

Strength k [28] k

Rupture

initiated

position

y/w¼0.0 Lower interface (Higher

Young’s modulus side): x/t2¼�1.0
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Table 5 shows the guideline for designing the single-lap
adhesive joint with similar and dissimilar adherends subjected
to the static and impact tensile loadings. Each component and
position is as shown in Figs. 4 and 8.
4. Conclusions

In this study, the strain responses and strengths of the single-
lap adhesive joint with dissimilar adherends (aluminum–steel)
subjected to the impact tensile loadings were measured experi-
mentally. In addition, the stress wave propagations and interface
stress distributions of the joint are analyzed using 3D FEM
calculations taking into account the strain rate dependency of
the adhesive, which the required material parameters are obtained
from the experimental results. The following results are obtained.
(1)
 Adhesive rate dependency can be expressed using Cowper–
Symonds model simulations appropriately.
(2)
 The experimental and FEM calculated results demonstrate that
the rupture initiates at the interface of the adherend with higher
Young’s modulus (steel side in this study) in the single-lap
adhesive joint with dissimilar adherends (aluminum–steel) sub-
jected to the impact tensile loadings, which shows the opposite
characteristic of that the rupture initiates in the vicinity of the
interface edge of the adherend with smaller Young’s modulus
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(aluminum side in this study) in the same type joint under static
loadings. A fairly good agreement is observed between the
experimental measured and the FEM calculated results.
(3)
 It can be concluded that the strength of the joint with
dissimilar adherends is smaller than that of the joint with
similar adherends.
(4)
 The value of the maximum principal stress s1 is larger when
the joint is subjected to the sudden tensile loadings
(V converges towards zero) than that of the joint subjected
to the static tensile loadings. In addition, the peak stress value
at the interface of the higher Young’s modulus adherend (steel
side) is larger than that at the interface of the smaller Young’s
modulus adherend (aluminum side) of the joint under sudden
loadings. However, the characteristic of the joint subjected to
the static loadings is different. In such case, the peak stress
value at the interface of the higher Young’s modulus adherend
(steel side) is smaller than that at the interface of the smaller
Young’s modulus adherend (aluminum side).
(5)
 The design guideline for the single-lap adhesive joint is
summarized and provided to supply the references under
various conditions.
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