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Abstract—Improvement of joint quality has always been a
call for concern in an assembled component due to numerous
application of such components in immense industrial sectors
such
as
aerospace
and
automotive
industries,
electrical/electronic industries etc. With this in mind quite a
vast research had been carried out and still on going to
enhance the characteristics of various parts that makes up an
assemble and the complete assemble itself. Part of the research
carried out fixated on adhesive bonded joint of different
geometrical designs such as L-shape, single-lap, double-lap,
tubular, T-shaped, stepped and scarf joints etc. Focusing on
single –lap joint due to the simplicity of the design geometry
and their ease of fabrication, various forms of arrangement
have been researched on. But owing to its untimely failure,
caused by high strength concentration in the overlapping areas
and some other parts that are delicate to peel damage various
forms of design geometry have been adopted ranging from
tapering, stepping and wavy lapping of overlapping layers in
order to reduce or mitigate the stress concentration for an
improved load bearing ability. Due to a lot of challenges being
faced with difficulty in fabrication, this study focused on
double layer single-lap joint. Its harmonic response when
subjected to external dynamic loading was investigated with
the use of Ansys finite element analysis. The numerical analysis
was carried out on various forms of adhesive-adherends
arrangement, and from the harmonic response obtained it
showed that the double layer single-lap joint have improved
load bearing capacity as compared with other geometrical
designs.
Index Terms—Adherends, Ansys Finite Element Modelling
(FEM), Double Adhesive Single Lap Joint, Harmonic
Response.

I. INTRODUCTION
With the zeal to enhance the quality of joints in an
assembled component, and due to an extensive application
of adhesive bonded joint in vast industrial sectors such as
aerospace and automotive industries, electrical/ electronic
industries, there have been an increase in the approaches
used to study the response of adhesively bonded joints.
Different geometries can be obtainable for adhesively
bonded joints depending on the area and type of application.
Some of them are L-shape, single-lap, double-lap, tubular,
T-shaped, stepped and scarf joints [1]
There are a lot of advantages of adhesively bonded joint
over traditional mechanical fasteners. Some of the
advantages can be seen in aircraft where fibre reinforced
polymer matrix composites (FRPCs) are used for improved
damaged tolerance and lower structural weight designs [2].
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The most common disadvantage associated with adhesively
bonded joint is the fatigue damage they experience which
may be due to continuous vibration, crash and impact and
for this reason it became necessary to study their dynamic
response or behavior.
The approach for the dynamic behavior analysis may be
experimental, numerical or analytical [3], but in this study
one out of the three approach will be considered which is the
numerical finite analysis.

II. LITERATURE REVIEW
Adhesively bonded joints have found usage in many
industrial and even non-industrial applications in order to
merge together similar materials like every other mode of
joining and non-similar materials; a very peculiar advantage
[4]. Industrial sectors like automobile, marine, railway and
specifically, aircraft [5] to build complex structures of
whose dimensions are immense.
Researchers over the years have studied how adhesively
bonded joints behave under stressed situations and how to
reduce stress concentrations in adhesively bonded joints
which often times lead to fatigue and consequent damage of
the joint and adherends because moving machinery are
subjected to vibrations, collisions and impact [6-7]. These
manners put by these joints can be researched in the analytic
way [8-3], studied numerically [9-11] and examined
experimentally [12-15].
Different analysis, studies and examinations have gone
ahead since Volkerson’s first work when he derived the
shear-lag model [16]. Further analytical research was done
which tends to consider the adherend’s bending manner and
this lead to the proposition of a model by Goland and
Reissner [17] which was based on the stress analysis of
beams. Also, the classical work of Hart-Smith [18-20]
which was one of the breakthroughs in the analytical
approches to this study, simplified the complex stress-strain
behaviour by the application of elasto-plastic or bilinear
curve.
Since then, lots of analytical research has been done for
example Delale et al. derived a two-dimensional solution for
assemblies bonded together [21]. Also, shear and peel
stresses in both metallic and composite adherends have been
studied and analytical models like that of Zou and others
have been developed [22]. By considering double lap
bonded geometry as an overlaminate joint, Osnes and
MacGeorge [23] under loaded condition investigated the
shear stress on the joint. Their work was later extended by
themselves to take account the adhesive’s elastomeric
behaviour [24].
Concerted efforts have also been made not only on

Vol 5 | Issue 6 | June 2020

731

EJERS, European Journal of Engineering Research and Science

analytical method as highlighted above but also analysis
using a very powerful and efficient tool like the Finite
Element Analysis (FEA) to show how adhesively jointed
single lap joints behave and how their strength have been
affected under the influence of shear and peel stresses by
Magalhaes and co. [25], failure mechanisms by Kim K. and
others [26], overlap length by Campilho et al. [27,28],
adhesive damage by Benyahia and co-workers [29],
influence of cohesive variables by Fernández-Cañadas and
others [30] and patch dimensions which was carried out by
Fekih et al. [31]. It has been found that joint strength can be
increased when uniform load transfer occurs which can be
brought about by the plastification of ductile adhesives. This
research was carried out by Keller [32] when he evaluated
how full-scale double-lap joints comprising of brittle
protruded GFRP laminates’ strength and hardness is affected
by adhesive ductility. With the help of the Cohesive Zone
Model (CZM), Campilho et al. [33] developed a FEM model
of single-lap joint and explained the effect of cohesive law
parameter of a triangular CZM. A 3D FEM model of the
single lap joint was also developed by Khalili and others
[34] and results showed that near the ends of the adhesive
region, the peel and shear stress values were the greatest.
Not more than two years ago, William and Jialai [35] also
developed a 3D model which is based on the Finite Element
Analysis to cater for the setback of the 2D model by Goland
and Reissner [36] and using functionally graded materials as
substrates. William and Jialai’s work was geared because of
the fact that the two parameters, elastic foundation (2-PEF)
model cannot capture the boundary conditions where the
shear stresses are significantly more and different. Their
work was a success and the three parameter, elastic
foundation was developed to cater for the flaw and his
results showed that stress concentrations near the ends of the
joint can be brought down by bringing down Young’s
modulus of the adhesive layer, increasing the adhesive layer
thickness, and/or making sure that the FG adherends are
configured to make the stiffer part is nearest to the adhesive
layer [35].
A lot of research based upon experimental analysis have
been examined for example, recently, Prabhakar and Garcia
found out that using 3D printed reinforcement (i.e. infusing
structural strengtheners to the adherends through fused
deposition modelling (FDM) additive technique, the visible
shear strength of adhesively bonded single lap joints can be
improved to about 832% [2]. Also, research on bonded
adhesives by exploring the field of nano-science was carried
out by Salih, Iclal and others [37] based on their
experimental analysis on adhesively bonded single lap joint
by nano-composite adhesives which were obtained by
adding nanostructures, they varied the concentration of three
different nanostructures in the adhesive and experimental
failure loads imparted on them. They observed that the
nanocomposite adhesive manufactured increased the joint’s
load failure and the rate of increase depended on the
structural make-up of the adhesive and the type of
nanostructure used. However, the result at 0.01 ratio is the
best.
All the researches highlighted above be it numerical,
analytical and experimental, the author to the best of his
knowledge has not come across the study of how an
DOI: http://dx.doi.org/10.24018/ejers.2020.5.6.1959

adherend will behave when subjected to vibrations while the
other adherend is fixed at the other end. This study will be
done by exploring the harmonic response of singly
supported double adhesive single lap joint. The only similar
study that was found was that done by Khalid and Ramzi
when they subjected single-lap and double-lap joints to axial
loads while the other end was fixed [1]. While one of the
adherend’s end will be fixed, the other will be struck with a
hammering gesture. This will set up a vibration in the
system. The response as earlier said will be analysed
numerically using the Finite Element Analysis (FEA)
approach.

III. METHODOLOGY
Numerical Model
With the use of ANSYS finite element software package a
numerical analysis had been carried out to show the
harmonic response of the double similar/ or dissimilar
adherent single lap joint when subjected to harmonic load.
The model design has a z-direction (width) that is much
greater than its thickness, therefore it is assumed to be plane
strain with a 2-dimensional configuration. This also means
that the strain along the cross section is much more than zdirectional plane strain.
With the adoption of a 2-dimensional model design, the
adhesive is a single layer thickness of 1mm with a double
layer adherent of 1mm each. The adherent is made up of
Aluminum and Steel arranged in two different ways in order
to achieve varying response when subjected to harmonic
loads.
The adhesive used has a young modulus of 4.1E8Pa with
a Poisson ratio of 0.4 and a density of 1800 kg/m3. The
properties of the adherents used is given in table I.
The geometrical design is done in such a way that the
overlap region of the adhesive/adherent joint have a length
of 50mm while the extended parts are of length 100mm
each. With this, the length of the adherents is 150mm.
TABLE I: PROPERTIES OF ADHRENDS USED IN MODEL DESIGN.
S/N

Adhesive Properties

Aluminum

Steel

1
2
3

Thickness (mm)
Length (mm)
Density (kg/m3)

1
150
2800

1
150
7550

4
5

Poisson ratio
Young’s modulus (Pa)

0.34
6.9E11

0.3
2E11

The sensitivity of resonance frequency with respect to
change in mesh size was observed by conducting
convergence analysis which shows that a slight variance in
mesh size from 0.1mm to 1mm has little effect on the
outcome of the values of natural frequencies obtained. Due
to this, a fine mesh of element size 0.25mm was applied on
the adherends while that of the adhesive was 0.1mm. Figure
1 shows the meshing of the model design.
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Fig.3. The first natural frequency for numerical modal
analysis is 7202 kHz. The second double layer arrangement
(Al-St-Ad-St-Al) was also analyzed for frequency response
which is shown in Fig.4. The first natural frequency for
numerical modal analysis is 7205 kHz. Shown in Table III
below is the results of the first, second, third and fourth
natural frequencies studied and the error margin between the
two arrangements of the double layer single lap joint.
TABLE II: MATERIAL AND GEOMETRIC PROPERTIES OF THE TWO
DIFFERENT ARRANGEMENT OF DOUBLE LAYER SINGLE LAP JOINT.

Fig. 1. 2D finite element mesh of the model design.

A SURF 153 element was used. This element has three
nodes and two degrees of freedom per node with axial and
transverse displacement. The boundary conditions is
subjected in such a way that left corner of the upper layer of
the adherend is fixed while the lower layer of the adherend
is subjected to harmonic force of 1N. This is achieved by
ensuring that the two adherend layers (upper and lower) are
prevented from moving in transverse direction. Figure 2
shows the boundary condition imposed on the model design.

Joint #
Arrangements
Material
Young modulus (GPa)
Poisson ratio
Density (Kg/m3)
Thickness (mm)
Material
Young modulus (GPa)
Poisson ratio
Density (Kg/m3)
Thickness (mm)

Adherend
1

Adherend
2

1
Al-St-Ad-AlSt
Al
St
70
200
0.34
0.3
2800
7800
1
1
Al
St
70
200
0.34
0.3
2800
7800
1
1

2
Al-St-Ad-St-Al
Al
70
0.34
2800
1
St
200
0.3
7800
1

St
200
0.3
7800
1
Al
70
0.34
2800
1

TABLE III: RESULTS OF THE FIRST, SECOND, THIRD AND FOURTH NATURAL
FREQUENCIES OF THE TWO JOINTS ARRANGEMENT AND ERROR BETWEEN
THE TWO

Joint # 1

Joint # 2

Error

7202
22060
36448
42374

7205
22073
36501
42429

0.04
0.06
0.15
0.13

1st Natural Frequency (kHz)
2nd Natural Frequency(kHz)
3rd Natural Frequency(kHz)
4th Natural Frequency(kHz)

The steps carried out while performing finite element
analysis with the use of Ansys workbench platform was to
firstly assign material properties to the adherends and
adhesive. Afterwards, the design geometry was produced
with the use of bonded contact conditions applied between
each layer of adherends and adhesives. Then meshing and
modal analysis were carried out to generate the first six (6)
resonance frequencies and mode shapes. Finally, with the
use of generated frequencies and mode shapes, the
frequency response graphs were plotted using mode
superposition technique.
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Harmaonic Response (m)

Fig. 2. The boundary condition for the 2D finite element model design
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Fig. 3. Frequency response for Al-St-Ad-Al-St arrangement
1,0E-05

A. Validation
So as to authenticate our model which is based on
frequency response of the joint to harmonic loads, several
simulations were carried out. With the use of multilayers of
Aluminum and steel as adherends arranged sequentially in
different fashion, the properties of both Aluminum and steel
can be seen as shown before in Table 1. While the adhesive
used has a young modulus of 410Mpa, Poisson’s ratio of 0.4
and a density of 1800kg/m3. Two different dissimilar joints
of arrangements of Aluminum and steel are studied and
various frequency responses are recorded and analyzed.
Table II shows the two different arrangement of the double
layer single lap joint and all frequency response were
calculated from the range of 1000Hz to 100 kHz.
The frequency response of the first double layer
arrangement (Al-St-Ad-Al-St) can be seen as illustrated in

1,0E-06

Harmonic Response (m)

IV. RESULT AND DISCUSSION
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Fig. 4. Frequency response for Al-St-Ad-St-Al arrangement

B. Discussion
From the validation result shown above, it can be seen
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that the numerical analysis which was carried out on the
double layer single lap adhesively bonded joints were
developed in order to model its harmonic response when
subjected to external force. In this case of dissimilar joints
arrangement, the natural frequencies depend on the order of
substrates. The several configurations which were examined
as shown in table III shows a steady increase in the values of
Natural frequency obtained which indicates stability of the
arrangement. With this, the double layer single lap joint can
be said to be able to withstand a considerable load. Also, as
the natural frequency increases from 1st natural frequency to
4th natural frequency for the two different configuration,
there is an increase in error margin between the two
arrangements (i.e. Al-St-Ad-Al-St and Al-St-Ad-St-Al).
This shows that the more the natural frequency increases the
less stable the harmonic response. It can also be seen from
table III that, the 1st (Al-St-Ad-Al-St) and 2nd (Al-St-Ad-StAl) arrangement have similar natural frequencies with little
error which signifies that the effect of external force
irrespective of the arrangement of the second layer between
Al and St is insignificant.
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V. CONCLUSION
Using double layer single lap joint model of different
adhesive arrangement, the harmonic responses of the joints
were derived. The Numerical approach was generated with
ANSYS finite element software. The numerical analysis is
in conformity they showed that the double layer single-lap
joint has improved load bearing capacity from the results of
the harmonic response obtained.
From the numerical analysis carried out in this research, it
can be said that the natural frequencies generated is
dependent on the order of substrate or adherends
arrangement. Also, judging from the numerical analysis
results shown and discussed in the previous chapters, it can
be said that the double layer single lap joint is stable since
the four (4) natural frequencies obtained from the 1st (Al-StAd-Al-St) and 2nd (Al-St-Ad-St-Al) arrangement increases
in a consistent manner. For future reference, it may be
desirable to do more different adhesive arrangement as these
may get improved results.

[15]

[16]

[17]
[18]
[19]
[20]
[21]

[22]

[23]
[24]

[25]

REFERENCES
[1]
[2]

[3]

[4]

[5]

[6]

Adams RD, Comyn J, Wake WC. Structural adhesive joints in
engineering, Springer 1997.
R. Garcia, P. Prabhakar, Bond interface design for single lap joints
using polymeric additive manufacturing, Composite Structures 176
(2017) 547–555.
Rachad Hazimeh, Khaled Khalil, Georges Challita, Ramzi Othman,
Analytical model of double-lap bonded joints subjected to impact
loads, International Journal of Adhesion & Adhesives 57 (2015) 1-8.
H. Khalid Almitani, Ramzi Othman, Analytical solution of the
harmonic response of viscoelastic adhesively bonded single-lap
and double-lap joints, International Journal of Adhesion & Adhesives
71 (2016) 55–65.
E. Armentania, M. Laiso, F. Caputo, R. Sepe, Numerical FEM
Evaluation for the Structural Behaviour of a Hybrid (bonded/bolted)
Single-lap Composite Joint, AIAS 2017 International Conference on
Stress Analysis, AIAS 2017, Pisa, Italy, 6-9 September 2017.
S. Webb, P. Shin, K. Peters, M.A. Zikry, N. Stan, S. Chadderdon, R.
Selfridge, S. Schultz, Characterization of fatigue damage in
adhesively bonded lap joints through dynamic, full-spectral
interrogation of fiber Bragg grating sensors, 1. Experiments. Smart
Material Structure 23 (2014) 025-016.

DOI: http://dx.doi.org/10.24018/ejers.2020.5.6.1959

[26]

[27]

[28]

[29]

[30]

[31]

S. Webb, P. Shin, K. Peters, M.A. Zikry, N. Stan, S. Chadderdon, R.
Selfridge, S. Schultz, Characterization of fatigue damage in
adhesively bonded lap joints through dynamic, full-spectral
interrogation of fiber Bragg grating sensors, 2. Simulations. Smart
Material Structure 23 (2014) 025-016.
Challita G, Othman R. Analytical model of the double-lap bonded
joints response to harmonic loads. European Journal of Mechanics –
A/Solids 34 (2012) 149–58.
Z. G. Apalak, R. Ekici, M. Yildirim, M. K. Apalak, Free vibration
analysis of an adhesively bonded functionally graded double
containment cantilever joint. Journal of Adhesive Science and
Technology 28 (2014) 1117–39.
R. Hazimeh, R. Othman, K. Khalil, G. Challita, Influence of plies’
orientations on the stress distribution in adhesively bonded laminate
composite joints subjected to impact loadings, Composite Structures
15 (2016) 2 654–64.
R. Hazimeh, G. Challita, K. Khalil, R. Othman, Finite element
analysis of adhesively bonded composite joints subjected to impact
loadings, International Journal of Adhesion & Adhesives 56 (2015)
24–31.
M. May, O. Hesebeck, S. Marzi, W. Böhme, J. Lienhard, S. Kilchert,
M. Brede, S. Hiermaier, Rate dependent behavior of crash-optimized
adhesives -experimental characterization, model development, and
simulation, Engineering Fracture Mechanics 133 (2015) 112–37.
G. Challita, R. Othman, P. Casari, K. Khalil, Experimental
investigation of the shear dynamic behavior of double-lap adhesively
bonded joints on a wide range of strain rates, International Journal of
Adhesion & Adhesives 31 (2011) 146–53.
J. García-Barruetabeña, F. Cortés, Experimental analysis of the
vibrational response of an adhesively bonded beam, Measurement 55
(2014) 238–45.
Y. Du, L. Shi, Effect of vibration fatigue on model properties of
single lap adhesive joints. International Journal of Adhesion &
Adhesives 53 (2014)72–9.
O. Volkersen, Die Niektraftverteilung in Zugbeanspruchten mit
Konstanten Laschenquerschritten. Luftfahrtforschung 15 (1938) (1–2)
41–7.
M. Goland, E. Reissner, The stresses in cemented joints. Journal of
Applied Mechanics 11 (1944) 17–27.
L. J. Hart-Smith, Adhesive-bonded double-lap joints. NASA Langley
Report CR (1973)112235.
L. J. Hart-Smith, Adhesive-bonded single-lap joints. NASA Langley
Report CR (1973) 112236
L.J. Hart-Smith, Adhesive-bonded scarf and stepped-lap joints.
NASA Langley Report CR (1973) 112237.
F. Delale, F. Erdogan, M. N. Aydinoglu, Stresses in adhesively
bonded joints: A closed form solution. Journal of Composite
Materials 15 (1981) 249-271.
G. P. Zou, K. Shahin, F. Taheri, An analytical solution for the
analysis of symmetric composite adhesively bonded joints. Composite
Structures 65 (2004) 499-510.
H. Osnes, D. McGeorge, Analysis of overlaminated double-lap joints,
Composites B 36 (2005) 544-558.
H. Osnes, D. McGeorge, Experimental and analytical strength
analysis of double-lap joints for marine applications, Composites B
40 (2009) 29-40.
A. G. Magalhaes, M. F. S. F. De Moura, J. P. M. Goncalves,
Evaluation of stress concentration effects in single-lap bonded joints
of laminate composite materials, International Journal of Adhesion &
Adhesives 25 (2005) 313–9.
K. Kim, Y. Yi, G. Cho, C. Kim, Failure orediction and strength
improvement of unidirectional composite single lap bonded joints,
Composite Structures 82 (2008) 513–20.
R. D. S. G. Campilho, M. D. Banea, J. A. B. P. Neto, L. F. M. Da
Silva, Modelling adhesive joints with cohesive zone models: Effect of
the cohesive law shape of the adhesive layer, International Journal of
Adhesion & Adhesives 44 (2013) 48–56.
J. A. B. P. Neto, R. D. S. G. Campilho, L. F. M. Da Silva, Parametric
study of adhesive joints with composites, International Journal of
Adhesion & Adhesives 37 (2012) 96–101.
F. Benyahia, A. Albedah, B. Bachir Bouiadjra, Analysis of the
adhesive damage for different patch shapes in bonded composite
repair of aircraft structures, Material Design 54 (2014) 18–24.
L. M. Fernández-Cañadas, I. Iváñez, S. Sanchez-Saez, Influence of
the cohesive law shape on the composite adhesively bonded patch
repair behaviour, Composite B-Engineering 91 (2016) 414–21.
S. M. Fekih, A. Albedah, F. Benyahia, M. Belhouari, B. Bachir
Bouiadjra, A. Miloudi, Optimisation of the sizes of bonded composite
repair in aircraft structures. Material Design 41 (2012) 171–6.

Vol 5 | Issue 6 | June 2020

734

EJERS, European Journal of Engineering Research and Science

[32] J. De Castro, T. Keller, Ductile double-lap joints from brittle GFRP
laminates and ductile adhesives, Part II: numerical investigation and
joint strength prediction, Composites: Part B 39 (2008) 282–91.
[33] R. D. S. G. Campilho, M. D. Banea, J. A. B. P. Neto, L. F. M. Da
Silva, Modelling of single-lap joints using cohesive zone models:
effect of the cohesive parameters on the output of the simulations.
Journal of Adhesives 88 (2012) 513–33.
[34] S. M. R. Khalili, S. Khalili, M. R. Pirouzhashemi, A. Shokuhfar, R.
K. Mittal, Numerical study of lap joints with composite adhesives and
composite adherends subjected to in-plane and transverse loads.
International Journal of Adhesion & Adhesives 28 (2008) (8) 411–8.
[35] W. Jialai, E. G. William, Theoretical model of adhesively bonded
single lap joints with functionally graded adherends, Engineering
Structures 124 (2016) 316–332
[36] M. Mustapha, B. Samir, T. Abdelouahed, E. A. A. Bedia, M. Slimane,
Interfacial stresses in plated beams with exponentially-varying

DOI: http://dx.doi.org/10.24018/ejers.2020.5.6.1959

properties, Journal of Adhesive Sciece & Technology 24 (2010)
1063–81. http://dx.doi.org/10.1163/016942409X12584625925024
[37] A. A. Iclal, G. Kürsat, A. Salih, A. Hamit, O. Adnan, Experimental
analysis on the single-lap joints bonded by nanocomposite adhesives
which obtained by adding nanostructures, Composites Part B 110
(2017) 420-428.
Ahmed H. Sayegh
DOB: 1985, Jazan Saudi Arabia.
Education: B.S. in Mechanical Engineering, Jazan
University, Jazan, Saudi Arabia, 2013
(On going) M.S. in mechanical Engineering, king
Abdulaziz University, Jeddah, Saudi Arabia.

Vol 5 | Issue 6 | June 2020

735

