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Abstract: Due to their many applications’ benefits, adhesively bonded joints are widely utilized in nearly every industry, including
space, marine, automotive, and aeronautics. Since unpredicted loadings may cause resonance in the structures, an accurate prediction
of the bonded joints' dynamic characteristics is crucial. Therefore, in this study, modal analysis was performed on the two-, three-,
four- and double-step adhesively bonded lap joints of Aluminum (Al), Copper (Cu), and Mild steel (Ms) materials with Epoxy Araldite
adhesive. Ansys commercial program was utilized to analyze it numerically. The results showed that modeling the bonding region of
single lap joints as two-, three-, and four-step adhesively bonded lap joints has no significant effect on the natural frequencies. This
modeling has a minor incremental effect on the natural frequencies. However, Double-step lap joints were found to cause a
considerable reduction in natural frequencies compared to not only single lap joints but also two-, three-, and four-step adhesively
bonded lap joints. Double-step bonding caused a decrease of 8.82%, 8.57%, and 8.73% for Al-Al, Cu-Cu, and Ms-Ms. In general, in all

models, the best increase or decrease in terms of natural frequencies was found to be Cu-Cu adhesively lap joints.

Keywords: Adhesively bonded joints, Step-lap joints, Modal analysis, Finite element method

*Corresponding author: Adiyaman University, Engineering Faculty, Mechanical Engineering Department, Adiyaman, 02040, Tiirkiye

E mail: alikaya@adiyaman.edu.tr (A. I. KAYA)
Ali [hsan KAYA https://orcid.org/0000-0002-3040-5389

Received: December 04, 2023
Accepted: December 27, 2023
Published: January 15, 2024

Cite as: Kaya Al. 2024. Effect of different step-lap joints on the natural frequencies of different adhesively bonded metallic materials: A numerical study.

BS] Eng Sci, 7(1): 121-128.

1. Introduction

An adhesive is positioned between the adherend surfaces
during the process of adhesive bonding, which creates an
adhesive bond. Because adhesive joints combine many
types of materials and have good damping qualities, high
corrosion and fatigue resistance, fracture retardation,
and labor, time, and cost savings, they are widely utilized
in load-bearing structures across a wide range of
industries. In addition to these better qualities, adhesive
joints are the subject of some research that is being
conducted in the literature because of their lightweight
and simplicity of application (da Silva and Marques,
2008; Shang et al, 2019). As a result, simple fixes,
including adhesive joins to link materials have been
proposed and are still being proposed.

Single- and double- acting adhesive types are the most
commonly utilized in bonded connections. A study
(Apalak and Engin, 1997) used bonding models in single
and double-reinforced lap joints. Four distinct single-lap
joints of hybrid AA2024-T3 aluminum alloy and
carbon/epoxy composites were explored by Giiltekin et
al. (2017). The impact of functionalized boron carbide
and boron nitride nanoparticles on the bonded joints of
aluminum alloy (AA2024-T3) was examined by Giiltekin
and Yazici (2022). The impact of surface preparation on
the strength and performance of single-lap aluminum-

copper alloy joints for automotive applications was
investigated by Boutar et al. (2016). They discovered that
there was an inverse relationship between surface
roughness and the shear strength of single lap joints,
with rougher surfaces having lower wettability. The
aluminum and carbon-epoxy components of hybrid
adhesively-bonded single lap joints were examined by
Ribeiro et al. (2016). The bonding strength of hybrid
metal-fiber reinforced polymer single-lap joints was
examined by Thomas et al. (2021).

Thakare and Dhumne (2015), simulated the different
joint techniques of welding, riveting and adhesive
bonding of Mild Steel (MS) by using the Finite Element
Method (FEM) and stated that, with good fatigue and
force resistance, these adhesives can offer substantial
cost and weight reduction benefits. Erbayrak et al.
(2017), used the FEM to investigate the impact of
different adhesive types on the free transverse vibration
of a single lap joint and concluded that varying the type
of adhesive has a substantial impact on the natural
frequency of lap joints. Hussain and Ingole (2022),
surveyed the significant advancements in the field of
dynamic characteristics of mechanical and structural
joints, as well as the frequency domain dynamic analysis
approach for nonlinear system parametric identification
in structural dynamics. Aabid et al. (2021), studied a
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beam plate structure's adhesive joints. Aluminum 2024-
T3 and Araldite 2014 were taken into consideration for
the beam and adhesive bond. They concluded that the
adhesive layer used in the lap joint needs to be lengthy
and thick to improve the structural performance of
vehicle scale models. Dhilipkumar et al. (2022), have
made an effort to provide a succinct overview of the
properties,
damping factor, and modal strain energies, which
influence the strength of joints that are adherently linked.
Ramalho et al. (2022), reviewed the most current studies
that focus on the numerical examination of adhesive

vibrational such as natural frequency,

joints' dynamic behavior. Three distinct fields were
identified under dynamic behavior: modal analysis,
fatigue, and variable strain rate and impact. Sindi et al.
(2021), used a functionally graded adhesive with a
comparison of steel and aluminum adherents in their
FEM model, and it was found that it produced natural
frequency predictions that were consistent with the
analytical model. Using a FEM, the first 20 natural
frequencies of Single Lap Joints (SL]s) were predicted by
He (2012). He and Oyadiji (2001), used a FEM to
investigate the effects on the adhesive mechanical
characteristics' natural frequencies. They found that, in
general, changes to the Poisson's ratio do not
significantly affect the natural frequencies. Van Belle et
al. (2018), investigated a number of joining techniques
for SL] both numerically and experimentally. It was
discovered that the natural frequencies predicted by the
numerical technique for the adhesive joints were
comparable to those seen in the experiments. Yaman and
Sansveren (2021), examined composite SL], SS], and DS]
with  various geometric modifications both
experimentally and numerically. For the various joint
configurations, there was a good correlation between the
FEA and the experiments. Additionally,
demonstrated that the natural frequencies are
significantly affected by the fiber orientation angle and
adherent thickness, increasing with the latter.

it was

Conversely, as overlap duration grows and adherent
thickness drops, the damping ratio gets better. Du and
Shi (2014), considered how vibration fatigue affects the
modal characteristics of single-lap joints and tried to
determine how the modal characteristics of the jointed
structure and the fatigue damage in the adhesive layer
Different step-lap joint's fatigue
performances subjected to tensile loading were studied
by Demiral and Mamedov (2023). They studied how the
step-lap joint's failure characteristics change under cyclic
tensile loading because these loadings can cause
adhesively bonded joints to fail, even at low percentages
of their static strengths.

Although studies on the modal analysis of adhesively

are related.

bonded joints have started to increase in recent decades,
new studies in this field are important in terms of
understanding the nonlinear dynamics and the effect of
different adherents and adhesives on the dynamic
characteristics of adhesively bonded joints. Therefore, in

this study, modal analysis was performed on the two-,
three-, four- and double-step lap joints of Al, Cu, and Ms
plate materials with Epoxy Araldite adhesive. Ansys
commercial program was utilized in order to analyze it
numerically. To the best of the author’s knowledge,
although there are studies on the modal analysis of
adhesively bonded joints, there is no such comprehensive
study on the change in dynamic properties of different
metallic materials for the structural state of two-, three-,
four- and double-step adhesively bonded lap joints in
different configurations. Therefore, this study aims to fill
this gap in the literature and contribute to the literature
on the change of dynamic parameters of adhesively
bonded joints.

2. Materials and Methods

2.1. Modal Analysis

The process of creating a mathematical model for a
system's dynamic behavior by ascertaining its innate
dynamic properties, frequencies,
damping factors, and mode shapes, is known as modal

such as natural
analysis. The effectiveness of many structural dynamics
applications depends only on having a precise
mathematical model for a dynamic structure. Finite
element modeling, which takes the form of mass and
stiffness matrices, can be used to create such a model.
Because of the robustness of this technique, the resulting
FE model may be crucial for further applications such as
prediction (He and Fu, 2001).

Numerous variables, including the type of joint,
geometrical specifications, adherend materials, and
adhesive properties, affect the strength and dynamic
properties of bonded joints. Since unpredicted loadings
may cause resonance in the structures, an accurate
prediction of the bonded joints' dynamic characteristics
is crucial for the appropriate characterization of their
service life.

Ramalho et al. (2022), stated that numerical models
currently used in the literature are becoming the
benchmark for evaluating various analytic techniques.
Furthermore, the studies that conducted experimental
and numerical data demonstrated how accurate these
models were in predicting the natural frequencies.
Therefore, the modal analysis of the lap joints is
performed using one of the FE programs in this study.
Ansys 2023, a commercial program, was used to simulate
the modal analysis of different step-lap composite joints.
A thorough analysis was conducted to determine how the
various step-lap arrangements, as per the geometric
configurations in Demiral and Mamedov (2023), affected
the metallic joints' service life.

2. 2. Validation of the Method

For validation, the study of Patil and Barjibhe (2013),
was taken into consideration. Al-Al, Cu-Cu, and Ms-Ms
plates with epoxy adhesives, as in the considered study,
were modeled in Design Modeler. The dimensions of all
plates were 140 mm x 38 mm x 5 mm, and the overlap
length was 15 mm. Since the adhesive thickness is not
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specified in the relevant study and the thickness of
adhesive material is more a determinant of the damping
coefficient than the natural frequencies of bonded
material, a 0.15 mm thickness was chosen as such by Du
and Shi (2014). The properties of materials used for
analysis are given in Table 1. “Bonded” contacts were
identified on the model. “Multi-Point Constraint (MPC)”,
generally the ideal contact formulation option for
contacts with no separations and bonded contacts, was
chosen for formulation, and “Nodal-Normal to Target”
was used for detection method (Giannetti, 2020). Mesh
numbers were reduced until no significant change was
seen in the analysis results, as stated by Moaveni (2015).
After the change in the analysis results reaches very low
levels, the mesh parameters for the element are decided
upon. Therefore, the default element size was utilized.
The Contact sizing method was used to have more
elements on the bonded areas, as could be seen in Figure
1. Then the geometry was meshed. The mesh geometry
was consisted of 42842 nodes and 7814 elements. The
obtained  results compared with the
aforementioned study, as seen in Table 2. As can be seen
from the results, the analysis results of this study are
quite compatible with the results of Patil and Barjibhe
(2013).

2.3. Numeric Analysis of Step-Lap joints

After the wvalidation process, by using the same
formulation, detection method and other properties,
modal analysis of step-lap joints with different geometric
configurations as such in the study of Demiral and
Mamedov (2023), was The different
geometric configurations in the study of Demiral and

were

carried out.

Table 1. Properties materials used for validation

Mamedov (2023), were adapted into the current study
accordingly. Hence, materials and thickness were altered
proportionally. Because the thickness in the relevant
study was different from the thickness in the current
study, step-lap  configurations adapted
proportionally according to the measurements given in
the reference study.

The Same procedure was followed in the process of
analyzing step-lap joints. “Bonded” type contact region
were determined. The behavior in the analysis was
chosen as “Symmetric”. Since “Symmetric” behavior is
more complex and refers to both Contact and Target
surfaces (URL1). Multi-Point Constraint (MPC), generally
the ideal contact formulation option for contacts with no
separations and bonded contacts, was chosen for
formulation, and “Nodal-Normal to Target” was used for
the detection method (Zhu, 2017). “Nonlinear Mechanics”
was favored under the mesh module for the physics
reference because of the nonlinear structure of adhesive
lap joints. A Fixed boundary condition was applied for

were

having a cantilever beam as shown in Figure 2. A mesh
convergence was conducted as in the validation section.
To have more mesh geometry in the contact region,
contact sizing was added to the bonded areas. After
meshing, the mesh quality of the mesh geometry was
obtained as 0.625 which was reported as a good ratio
(Citil et al, 2019). After the solution, the participation
factor summary was examined to comment on in-plane
and out-of-plane modes. Besides, the “Ratio of Effective
Mass to Total Mass” under the solution module was
always checked to have a ratio of 90 % for the plane axes.

Bonded Materials Aluminum Copper Mild Steel Araldite
Young Modulus (GPa) 70.3 129.8 200 0.93
Density (kg/m3) 2700 8960 7850 1070
Poisson ratio 0.35 0.34 0.303 0.32

0,000 0,050

Ansys
2023 R2

0,100 {m)
]

0,025

Figure 1. Mesh configuration of the single lap model.
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Table 2. Natural frequencies of the analysis

Bonded Materials Mode Ia Mode I* Difference (%)
Al-Al 59.476 59.002 0.8
Cu-Cu 42.563 42.062 1.12
Ms-Ms 58.975 58.203 1.33

a This study, *Patil and Barjibhe (2013).

0,00 45,00

90,00 {mm)

22,50

67,50

Figure 2. An example of boundary conditions for stepped lap joint.

3. Results and Discussion

Since most adhesives are viscoelastic, they have an
advantage over alternative joining techniques in terms of
mitigating vibration issues (Ramalho et al., 2022). In this
instance, the modal loss factor tends to rise with
increasing adhesive thickness and overlap length. To find
the ideal adhesive thickness for a certain application, one
must constantly analyze these two parameters because
raising the adhesive thickness also causes a drop in
natural frequencies. In the validation method section, the
single-lap overlap length was 15 mm (Patil and Barjibhe,
2013). To adapt this thickness value to the reference
study, a re-analysis was carried out with an overlap
length of 25 mm for the single-lap joints by using the
same analysis steps. The first three natural frequency
analysis results are given in Table 3. By comparing
Tables 2 and 3, it is possible to comment that the joint’s
natural frequencies increase with the overlap length.
However, it was reported that its impact on joint strength
becomes negligible beyond a certain length (Akpinar et
al,, 2022). Wani (2015), stated that as the joint's overlap
length so does the system's inherent
frequency. Given that the joint system has a tendency to
stiffen as overlap length increases, this pattern makes
sense. However, for overlap lengths of 30 mm and more,
it is almost constant. In terms of natural frequencies, the
same outcomes were reported in other studies (Wang et
al, 2019, Ingole and Chatterjee, 2011). Therefore, it could
be stated that the increase in natural frequencies is
compatible with the literature.

The first ten extracted natural frequency results after re-
modeling the bonded area into two-step lap joints are

increases,

given in Table 4. When the frequencies in the relevant
table are examined, it is seen that the fundamental
natural frequencies for all metallic two-step lap joints are
increased. When the current analysis result is compared
to single-lap joints results in Table 3, the following
consequences could be deducted based on fundamental
natural frequencies: While the increase for Al-Al two-step
lap joints is around 0.34%, this rate is around 0.61% for
Cu-Cu and 0.42%for Mild steel two-step lap joints.
Therefore, it was observed that there is a minor increase,
although not a significant improvement, in the natural
frequencies of all metallic two-step lap joints. The
improvement in fundamental natural frequencies was
the best in Cu-Cu two-step lap joints; this was followed
by Ms and Al two-step lap joint structures, respectively.

Table 3. The first three natural frequencies of single-lap
joints for 25 mm overlap length

Bonded Materials Mode I Mode II Mode II
Al-Al 63.785 402.15 456.25
Cu-Cu 47.422 300.74 340.63
Ms-Ms 62.838 397.75 451.82

The results of the first ten extracted natural frequencies
of the three-step lap joints are given in Table 5. When
this table is reviewed, it is seen that the natural
frequencies in all metallic three-step lap joints are close
to the results of two-step lap joints, and there is no
substantial change in terms of fundamental natural
frequencies but rather a slight increase in the case of
three-step lap joints.
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Table 4. Natural frequencies of two-step cantilever lap joints

Natural Frequencies of Extracted Modes (Hz)

Modes Al-Araldite-Al Cu-Araldite-Cu Ms-Araldite-Ms
1st mode 64.001 47.71 63.102
2nd mode 400.52 298.8 395.2
3rd mode 473.41 353.15 468.15
4th mode 789.68 591.31 794.39
5th mode 1122.2 836.42 1106.3
6th mode 2214.5 1651.6 2183.4
7th mode 2396.5 1794.4 2409.6
8th mode 2704.5 2019.6 2681.4
9th mode 3701.4 2758.4 3645.3
10th mode 4084.3 3056.9 4101.4

Table 5. Natural frequencies of three-step cantilever lap joints

Natural Frequencies of Extracted Modes (Hz)

Modes Al-Araldite-Al Cu-Araldite-Cu Ms-Araldite-Ms
1st mode 63.982 47.693 63.069
2nd mode 400.48 298.73 395.06
3rd mode 472.99 352.83 467.73
4th mode 789.19 590.93 793.86
5th mode 1122.6 836.7 1106.5
6th mode 2214.6 1651.5 2183
7th mode 2395.3 1793.6 2408.3
8th mode 27029 2018.3 2679.5
9th mode 3697.3 2755.2 3640.7
10th mode 4081.4 3054.7 4098.3

Table 6. Natural frequencies of four-step cantilever lap joints

Natural Frequencies of Extracted Modes (Hz)

Modes Al-Araldite-Al Cu-Araldite-Cu Ms-Araldite-Ms
1st mode 63.894 47.63 62.997
2nd mode 399.84 298.26 394.51
3rd mode 472.7 352.62 467.45
4th mode 788.73 590.59 793.41
5th mode 11211 835.6 1105.2
6th mode 22141 1651.3 2183
7th mode 2393.7 1792.4 2406.7
8th mode 2701.7 2017.4 2678.4
9th mode 3704.5 2760.7 3648.4
10th mode 4079.7 3053.5 4096.7

When the analysis results of three-step lap joints are
compared to single-lap joints’ results in Table 3, the
following deductions could be extracted based on
fundamental natural frequencies: in the case of Al-Al
three-step lap joints, the increase is found to be 0.31%
while it is obtained as 0.57% for the Cu-Cu three-step lap
joints and 0.37% for Mild steel three-step lap joints.
Consequently, it was found that all metallic three-step lap
joints have somewhat higher natural frequencies, albeit
not noticeably better. Cu-Cu three-step lap joints showed
the most improvement amongst fundamental natural
frequencies of all metallic materials; mild steel and
aluminum three-step lap joint structures came in a row,
respectively. It should be emphasized that these results
are compatible with the two-step lap joints.

The results of the first ten extracted natural frequencies
of the four-step lap joints are given in Table 6. When this
table is examined, it is seen that the natural frequencies
in all metallic lap joints are almost the same in the three-
step lap joints. Therefore, it could be stated that among
the all fundamental natural frequencies of all metallic
materials, Cu-Cu three-step lap joints demonstrated the
biggest improvement; mild steel and aluminum four-step
lap joint followed, respectively. It is important to note
that these outcomes are consistent with the results of
two- and three-step lap joints.

The natural frequency results of the first ten extracted
natural frequencies of the double-step joints are given in
Table 7. When this table is reviewed, unlike the analysis
results of the two-, three-, and four-step lap joints, all
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metallic joints showed a substantial decrease in terms of
natural frequency. When single-lap joints are taken into
consideration for comparison to the double-step lap joint
results, the following conclusion may be drawn based on
the fundamental natural frequencies: Al-Al, Cu-Cu and
Ms-Ms double-step lap joints showed a decrease of
8.82%, 8.57% and 8.73% respectively. Hence, it was
observed that all metallic adhesively bonded structures
were affected at approximately the same reduction rate
in the case of the geometric configuration of double-step
lap joints. Besides, it was found that the results of double-
step lap joints are the geometric configuration that has
the most adverse effect among the geometric lap joints
considered.

When Tables 4, 5, 6 and 7 are compared, one can observe
that the geometrical configurations of two-, three-, and
four-step lap joints have no significant effect on the
natural frequencies as per a single-lap joint. Therefore, it
is possible to say that there is no point in modeling the
bonding zone in a two-, three-, and four-step geometric
configuration, which is more difficult in terms of
production and application than single-lap, when the
natural frequencies are considered. However, double-
step geometric modeling is found to have a significant
negative effect on the natural frequencies compared to
the other geometric configurations. Although Demiral
and Mamedov (2023) stated that the double-step-lap
joint had a 21.8% longer lifetime comparing fatigue
cycles with other models, the analysis results in this
study showed that the double-step geometric model is
the weakest lap joint in terms of dynamic parameters.
Therefore, it is beneficial to avoid the use of this
geometric model in applications
parameters are deterministic.
Utilizing a Finite Element Analysis (FEA), He (2012) and
He and Oyadiji (2001) investigated the impacts on the
adhesive mechanical characteristics' natural frequencies.
They demonstrated that, in general, modifications to the
Poisson's ratio do not significantly affect the natural

where dynamic

frequencies. The same was noted for realistic variations
in Young's modulus; however, the natural frequencies
underwent a dramatic alteration when a very low
Young's modulus, less than 1 GPa, was used. Therefore,
these reported findings support the finding that the
natural frequency results of the metallic materials
analysed in this study are close to each other.

It is reported that the overlap length only slightly affects
frequency by Guo and Wang (2020). Furthermore, there
is a very little tendency for the natural frequency to
decrease as adhesive thickness increases. The impact of
bonding length and adhesive thickness on shifting
resonance frequencies is still limited because of its small
mass. He (2012) found comparable results regarding
adhesive thickness, while Gunes et al. (2010), stated
similar tendencies regarding bonding length. While it has
no effect on the resonance frequency when combining
materials with a high density. This finding is in line with
the initial parameters of this study.

Du and Shi (2014), stated that the modal frequency
changes seen in their studies require drastic decreases in
modulus and contact area values, which may not always
be feasible, according to their simulation data. Besides,
changes in the adhesive mechanical properties—Young's
density, and Poisson's ratio—did not
significantly affect the natural frequencies, according to
Apalak et al. (2006). Therefore, the natural frequency
results for different step lap joints in Al and Ms are very
close to each other, and the significant decrease in
natural frequencies caused by the sudden geometric
change in the bonding zone is in line with the findings of
this study.

modulus,

4. Conclusion

In this study, the effect of different stepped
configurations of the bonding area on the natural
frequencies of adhesively bonded joints of metallic
materials is investigated. The conclusions drawn from
this study can be summarized as follows:

Table 7. Natural frequencies of double-step cantilever lap joints

Natural Frequencies of Extracted Modes (Hz)

Modes Al-Araldite-Al Cu-Araldite-Cu Ms-Araldite-Ms
1st mode 58.161 43.358 57.351
2nrd mode 363.94 271.48 359.11
3rd mode 431.06 321.55 426.26
4th mode 751 562.34 755.51
5th mode 1020.1 760.29 1005.7
6th mode 2013.4 1501.7 1985.3
7th mode 2276.9 1704.8 2289.5
8th mode 2481.7 1853 2459.9
9th mode 3370.5 2511.6 3319.6
10th mode 3784.2 2899.7 3891.1
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e [t was seen that commercial FEM programs could be
successfully used to model the dynamic parameters
of adhesively bonded joints
compatibility was approximately 98%.

because the

e Modeling the bonding region of single lap joints as
two-, three-, and four-step adhesively bonded lap
joints has no significant effect on the natural
frequencies. This modeling has a minor incremental
effect on the natural frequencies.

o Although the increase in natural frequency is minor
among two-, three-, and four-step adhesively
bonded lap joints, it is observed that there is a
relatively bigger improvement in the natural
frequency of Cu-Cu lap joints compared to other
metallic materials.

e Double-step lap joints were found to cause a
considerable reduction in natural frequencies
compared to not only single-lap joints but also two-,
three-, and four-step adhesively bonded lap joints.

Author Contributions
The percentage of the author(s) contributions is
presented below. All authors reviewed and approved the

final version of the manuscript.

ALK
C 100

100
S 100
DCP 100
DAI 100
L 100
w 100
CR 100
SR 100
PM 100
FA 100

C=Concept, D= design, S= supervision, DCP= data collection
and/or processing, DAI= data analysis and/or interpretation, L=
literature search, W= writing, CR= critical review, SR=
submission and revision, PM= project management, FA= funding
acquisition.

Conflict of Interest
The author declared that there is no conflict of interest.

Ethical Consideration

Ethics committee approval was not required for this
study because of there was no study on animals or
humans.

References

Aabid A, Khan SA, Al-Khalifah T, Parveez B, Anjum A. 2021.
Parametric Analysis of Adhesively Bonded Single Lap Joint
Using Finite Element Method. In: Intelligent Manufacturing
and Energy Sustainability, 2020, Springer, Singapore, pp:
675-686. https://doi.org/10.1007/978-981-33-4443-3_65.

Akpinar S, Hacisalihoglu I, Calik A. 2022. The effect of geometry
on joint strength in adhesively bonded joints with the same

adhesive area. Mech Adv Mat Struct, 2022: 1-13.
https://doi.org/10.1080/15376494.2022.2162641.

ANSYS. 2023. The general purpose finite element software
(Version 23.R2), Swanson Analysis Systems, Inc., Houston,
TX, US.

Apalak MK, Ekici R, Yildirim M. 2006. Optimal design of an
adhesively-bonded corner joint with single support based on
the free vibration analysis. ] Adhes Sci Techol, 20(13): 1507-
1528. https://doi.org/10.1163/156856106778666426.

Apalak MK, Engin A. 1997. Geometrically non-linear analysis of
adhesively bonded double containment cantilever joint. ]
Adhes Sci Technol, 11(9): 1153-1195.
https://doi.org/10.1163/156856197X00570.

Boutar Y, Naimi S, Mezlini S. 2016. Effect of surface treatment
on the shear strength of aluminium adhesive single-lap joints
for automotive applications. Int ] Adhes Adhes, 67: 38-43.
https://doi.org/10.1016/j.ijadhadh.2015.12.023.

Citil S, Bozkurt I, Aydin MD. 2019. Experimental and 3D non-
linear stress analysis of adhesively bonded pipes with
curved-surface lap joints. ] Adhes, 95(5-7): 515-528.
https://doi.org/10.1080/00218464.2018.1562922.

da Silva LFM, Marques EAS. 2008. Joint strength optimization of
adhesively bonded patches. ] Adhes, 84: 915-934.
https://doi.org/10.1080/00218460802505275.

Demiral M, Mamedov A. 2023. Fatigue performance of a step-
lap joint under tensile load: A numerical study. Polymers,
15(8): 1949. https://doi.org/10.3390/polym15081949.

Dhilipkumar T, Rajesh M, Soundhar A. 2022. Dynamic
behaviour of adhesively bonded structures in aerospace
applications: An overview. In: Sultan MTH., Rajesh M,
Jayakrishna K, edit. Repair of Advanced Composites for
Aerospace Applications, CRC Press, Boca Raton, US, pp: 47-
53.

Du Y, Shi L. 2014. Effect of vibration fatigue on modal
properties of single lap adhesive joints. Int ] Adhes Adhes, 53:
72-79. https://doi.org/10.1016/j.ijadhadh.2014.01.007.

Erbayrak E, Ozer H, Erbayrak S, Ceper K, Agirkol B, Giiner E.
2017. Effect of adhesive type on Free Transverse Vibration of
single lap joint. URL: https://www.researchgate.net/
(accessed date: November 01, 2023).

Giannetti, FA. 2020. Finite Element modelling to predict wear in
joint replacements. PhD thesis, University of Bologna,
Department of Electrical, Electronic and Information
Engineering, Cesena, Italy, pp: 46.

Giiltekin K, Akpinar S, Ozel A. 2017. Effects of unbalance on the
adhesively bonded composites-aluminium joints. J Adhes,
93(9): 674-687.
https://doi.org/10.1080/00218464.2015.1136998.

Giiltekin K, Yazici ME. 2022. Mechanical properties of
aluminum bonded joints reinforced with functionalized
boron nitride and boron carbide nanoparticles. P I Mech Eng
L] Mat, 236(1): 37-49.
https://doi.org/10.1177/14644207211056020.

Gunes R, Kemal Apalak M, Yildirim M, Ozkes 1. 2010. Free
vibration analysis of adhesively bonded single lap joints with
wide and narrow functionally graded plates. Compos Struct,
92(1): 1-17. https://doi.org/1016/j.compstruct.2009.06.003.

Guo Q, Wang S. 2020. Free vibration analysis and optimal
design of adhesively bonded double-strap joints by using
artificial neural networks. Latin Am ] Solids Struct, 17(4):
€271. https://doi.org/10.1590/1679-78255878.

He ], Fu ZF. 2001. Modal Analysis, Butterworth-Heinemann, 2nd
ed., Oxford, UK, pp: 1-11.

He X, Oyadiji SO. 2001. Influence of adhesive characteristics on
the transverse free

vibration of single lap-jointed

BSJ] Eng Sci / Ali ihsan KAYA

127



Black Sea Journal of Engineering and Science

cantilevered beams. ] Mater Process Technol, 119(1-3): 366-
373. https://doi.org/10.1016/50924-0136(01)00936-0.

He X. 2012. Numerical and experimental investigations of the
dynamic response of bonded beams with a single-lap joint.
Int ] Adhes Adhes, 37: 79-85.
https://doi.org/10.1016/j.ijadhadh.2012.01.008.

Hussain F, Ingole S. 2022. A review on frequency domain
analysis approach for parametric identification of nonlinear
joints. Recent Advances in Machines and Mechanisms: Select
9-11 December, Jabalpur, India, pp: 79-96.
https://doi.org/10.1007/978-981-19-3716-3_7.

Ingole SB, Chatterjee A. 2011. Vibration analysis of single lap
adhesive joint: experimental and analytical investigation. ]
Vib Control, 17(10): 1547-1556.
https://doi.org/10.1177/1077546310380429.

Moaveni S. 2015. Theory and Application with ANSYS, 4th ed.
Pearson Education Limited, Essex, UK, pp: 435-438.

Patil YB, Barjibhe RB. 2013. Modal analysis of adhesively
bonded joints of different materials. Int ] Mod Eng Res, 3(2):
633-636.

Ramalho LDC, Sanchez-Arce IJ, Gongalves DC, Belinha ],
Campilho RDSG. 2022. Numerical analysis of the dynamic
behaviour of adhesive joints: A review. Int ] Adhes Adhes,
118: 103219.
https://doi.org/10.1016/j.ijadhadh.2022.103219.

Ribeiro TEA, Campilho RDSG, da Silva LFM. 2016. Damage
analysis of composite-aluminium adhesively-bonded single-
lap joints. Compos Struct, 136: 25-33.
https://doi.org/10.1016/j.compstruct.2015.09.054.

Shang X, Marques EAS, Machado JJM, Carbas R]C, Jiang D, da
Silva LFM. 2019. Review on techniques to improve the
strength of adhesive joints with composite adherends.
Compos B Eng, 177: 107363.
https://doi.org/10.1016/j.compositesb.2019.107363.

Sindi SA, Othman R, Almitani KH. 2021. Theoretical solution for
the axial vibration of functionally graded double-lap adhesive
joints. Math Mech Solids, 26(6): 823-842.
https://doi.org/10.1177/1081286520967709.

Thakare NB, Dhumne AB. 2015. A review on design and
analysis of adhesive bonded joint by finite element analysis.
SSRG Int ] Mech Eng, 2(4): 6.

Thomas R, Fischer F and Gude M. 2021. Adhesives for
increasing the bonding strength of in situ manufactured
metal-composite joints. P I Mech Eng D-] Aut, 235(13): 3256-
3269. https://doi.org/10.1177/0954407020965759.

URL1: ANSYS Mechanical APDL Contact Technology Guide 18.2,
page 266.
https://www.academia.edu/38866112/ANSYS_Mechanical A
PDL_Contact_Technology_Guide (accessed date: October 02,
2023).

Van Belle L, Brandolisio D, Deckers E, Jonckheere S, Claeys C,
Pluymers B, Desmet W. 2018. Experimental validation of
numerical structural dynamic models for metal plate joining
techniques. ] Vib  Control, 24(15): 3348-3369.
https://doi.org/10.1177/1077546317704794.

Wang S, Li Y, Xie Z. 2019. Free vibration analysis of adhesively
bonded lap joints through layerwise finite element. Compos
Struct, 223: 110943.
https://doi.org/10.1016/j.compstruct.2019.110943.

Wani SS. 2015. Vibration analysis of adhesively bonded single
lap joint. Int Res ] Eng Technol, 2(2): 290-297.

Yaman M, Sansveren MF. 2021. Numerical and experimental
vibration analysis of different types of adhesively bonded
joints. Struct, 34: 368-380.
https://doi.org/10.1016/j.istruc.2021.07.071.

Zhu Y. 2017. Best Practices for Contact Modeling using ANSYS.
URL: https://pic.huodongjia.com/ganhuodocs/2017-09-
15/1505456086.9.pdf (accessed date: September 04, 2023).

BSJ] Eng Sci / Ali ihsan KAYA

128



