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1. Introduction 
Nowadays, the adhesive bond joints ABJs are an element 

of the essential assembly technologies in the fabricating and 
synthetic industries. It serves extensively to tiny, small, Mid-
sized and massive structures for instance in furniture, 
Application-Specific Integrated Circuits ASICs, automobiles, 
aircraft, aerospace, wind turbines, ship hull structures. 
Furthermore, may be combined with other fastening methods 
mechanics to enhance it is effectiveness. Consequently, the 
durability and strength of the adhesive bonding influence the 
elements and entire system strength. Owing to the advantages 
resulting from the use of adhesives, the use of their integration 
is rapidly increasing in various industries, as these functionally 
graded materials (FGMs) have provided multi-functional 
spread in different human needs in daily life [1]. 

Massive structures that are conventionally loaded, for 
instance marine structures and bridges, exhibit the problem of 
excess weight, and corporations aspire to seek for durable and 
reliable solutions and technologies to reduce their weight 
without compromising their mechanical properties and 
withstanding various loads and harsh environmental 
conditions. Moreover, in other similar structures, such as 
aerospace applications and automobiles, there is also a need to 
reduce weight, as reducing weight by 10% can lead to reducing 
fuel consumption by 8%, ABJs Joining techniques based on 
sustainable composite materials are the best solution to reduce 
energy consumption and achieve greater environmental 
benefits [2-3]. This has stimulated the economic industrial 
sector to explore for lightweight composites materials that 

have the strong capability to withstand high loads and ensure 
safety. Combining metals and composite materials can 
minimize weight whereas maintaining strength, leading to 
High-strength low-weight materials. Adhesives are the most 
suitable bonding technique for joining various stress-prone 
materials when compared to other classical joining techniques, 
such as welds, screws, bolts, nails, and rivets [4]. In general, 
the following unique key points can be identified through 
comparison: 
1. The adhesive-bonded joints (ABJs) allow for the efficient 

joining of similar or dissimilar adherent materials devoid 
of the need for fabrication or destruction of the joint 
adherent material. This is particularly useful for 
lightweight materials that aim to create lightweight 
structures. 

2. The modulus of elasticity of adhesives is generally 
approximately between 2 and 7 GPa, which is substantially 
less than the adherent’s modulus of 20-200 GPa (assuming 
the free form of several materials with negligible modulus 
figures). Therefore, the aforementioned and obvious 
distinction can significantly influence the mechanical 
characteristics and component features of an ABJ's 
structure. 

3. The energy transmission method and principal loading 
mode between the adhesive and an adherent is shearing 
stress that is generally substantial than the energy elements 
and peel load. Additionally, deformations caused by 
bending may result in increased peel stress when Adhesive 
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Bond Joint ABJs applied to Minimal-Wall Thickness 
Structures MWTSs [5]. 

4. Crack initiation in joints as a result of stresses (peel and 
shear) existence concentrated and singularity at the edges 
on the bonded joint; furthermore, accurate stress analysis 
possibly finds numerical complications, and stress founded 
on a strength approach is unlikely to be utilized to estimate 
adhesive joints failure [6]. 

5. The most popular technique for bonding (MWTSs) uses lap 
joints (single or double) to distribute loads in the 
components. Lap joint eccentric loading is a significant 
difficulty in mechanical analysis owing to geometric non-
linear behavior [7]. 
For the above motives, many studies have been carried out 

for studying mechanical properties, features, characteristics, 
design, manufacturing process, experiments, theoretical 
modeling, and structural analysis under variant service 
conditions and environments. Since, many scientific fields for 
instance Geometric, Physical, and Chemical are included in 
the study of ABJs, Consequently, to investigate this 
application in the literature, the researcher may find many 
parameters such as behavior, properties, components, and 
different techniques used in synthesis, so there is no single 
point that may this bonding technology started off from it. To 
clarify previous reviews works, a comprehensive assessment 
of literature from previous years to the present can be reviewed 
in Table.1. In this regard, it is important to emphasize that the 
reviews shown in the table are regarded as the most significant 
research published for each decade up to the present. 

Notably, literature evaluations have mostly focused on one 
feature of ABJs as a topical aim, addressing a particular issue 
within the field, apart from some reviews, in particular Banea 
and da Silva [8], in 2008 they performed a detailed assessment 
of ABJs for composite structures. Joint configurations, Surface 
preparation, adhesive behavior, and environmental factors all 
affect the mechanical performance of ABJs in Fiber-reinforced 
polymer FRP structures. Budhe et al. in 2017, [9] provided an 
update of the previously mentioned subjects of review. The 
literature has included many subject studies that investigated 
adhesive joints from different points of view. Table 1 includes 
these summaries. 

Eventually, at present, Wei et al. in 2024, [5] provided a 
comprehensive review on the design and manufacturing of 
adhesively bond joints ABJs, focusing on the design, 
fabrication, and modeling experiments of adhesive joints, 
assessing the challenges of this field. The review covers 
developments from 2016 to 2023 and discusses adhesives, 
manufacturing techniques, and defect detection methods. 
Furthermore, it assesses the efficiency of adhesive joints and 
reviews the engineering applies of these joints. This provides 
an important update on current research and future challenges 
in this field. Figure 1 illustrates a thorough summary and major 
advancement pertaining to the mechanical design of ABJs. 

To facilitate the interested researchers with a thorough, 
comprehensive overview of several research topics on (ABJs), 
this paper aims to present the various literatures related to 
adhesive-bonded joints in a comprehensive manner, enabling 
future researchers to view and understand the wide range of 
topics in this field, also provide recommendations for future 
research in this area. 

 
 

 

1.1. Terminology 

It is important to note the definitions of certain terms in the 
field of research. 

Adhesive: A substance adheres two or more surfaces 
together by filling the gap between them, forming a strong, 
cohesion bond (i.e., creating “adhesion” between them) 
through chemical or physical interactions. It can be formed 
into a liquid, gel, or solid [40]. 

 
Fig. 1 Shows the framework for a cutting-edge assessment of ABJs [4]. 

Adherend: Often called a substrate, it serves as a basic 
material or surface for applying adhesives or other covering 
materials [40]. The substrate can consist of various 
engineering materials, such as metals, polymers, ceramics, and 
composites assembled from any of these materials [41]. The 
substrate's characteristics, including its roughness, bonded 
area, surface treatment type, and adhesive compatibility, 
significantly influence the bonding process's efficacy [42]. 

Adhesion: refers to the mutual attraction between two 
substances, which, once combined, requires effort to separate 
them. Conventional definition excludes magnetic attractions 
[40]. 

Overlap: refers to the area where the adhesive completely 
covers the two surfaces, establishing their connection. For 
instance, the overlap in a single lap joint refers to the length at 
which the adhesive interface joins the two parts. The design of 
adhesive joints heavily relies on overlap, which directly 
influences the joint's mechanical load capacity, stiffness, and 
stress distribution. Common measurements of overlap are 
given in units such as length (e.g., mm) or area (e.g., mm²). 

Curing: During its initial stages of application, an adhesive 
must exist as a liquid to facilitate wetting and spreading over 
the adherent. Yet it must eventually solidify. Regardless of the 
method, it refers to this transition from liquid to solid as 
"curing" [43]. Adhesive curing refers to the processes of 
polymerization and cross-linking used to achieve certain bond 
strengths. Curing is a critical procedure for accessible, optimal 
bonding properties [44]. Three distinct stages make up the 
curing process: initial, basic, and post-curing [5]. 
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Phase: distinct forms of matter exist, like solids 
(crystalline, amorphous, etc.), liquids, or gases (vapors). A 
phase-change material (PCM) distinguishes itself from the 
state of matter [45]. 

Pre-treatment: Preparing the substrate surface improves the 
durability, strength, and life cycle of the adhesive bond. 
Occasionally, a suitable preparation may bestow additional 
characteristics on surfaces. Creating an appropriate surface 
chemistry is a crucial stage in the surface preparation 
procedure, as the strength of this surface directly influences the 

durability and service life of the adhesive bond, as stated by 
Davis and Bond [46]. It is advisable to perform surface 
treatments prior to applying adhesives to get optimal 
mechanical strength [47]. 

Solvent based: This definition only refers to solutions 
made in an organic solvent, not aqueous (water)-based 
solutions. It also includes materials or processes that use a 
solvent (liquid) to thin out or dissolve a substance, like 
adhesives or coatings [48], [49]. 

 
Table 1. overview of the key evaluations of adhesive technology from the last few decades to the present. 

Literatures Scope 

Kutscha, 1964, [10] Comprehensive review of the design, mechanical properties, failure criteria, experimental design techniques, and 
theoretical, experimental analysis of lap-type joints. 

Murphy et al., 1974, 
[11] 

Comprehensive review of the literature on stress analysis in welded, riveted, and ABJs. An annotated bibliography 
of papers public   shed from 1968 to 1974 on this topic is presented, with an emphasis on the analysis of stresses in 
multilayered materials (isotropic and anisotropic). 

Matthews et al., 
1982, [12] 

Comprehensive review of the strength of ABJs, it compares standard analytical approaches to finite element methods 
FEM for investigating adhesive joints, while also providing general design principles and analytical foundations for 
stress distribution. 

Guyott et al., 1986, 
[13] 

A comprehensive review of non-destructive testing (NDT) processes for ABJs and the types of flaws that can be 
detected using those techniques. 

Adams and Cawley, 
1988, [14] 

Comprehensive review of the types of defects in composite materials and adhesives, reviewing NDT techniques 
used to detect those defects. 

Satoh et al., 1996, 
[15] 

 

The Committee on Adhesive Bonds in Automotive Structures (ABAS) conducted a comprehensive review. It 
continued for five years, starting in 1989, with the aim of developing structural adhesive technology in automobile 
bodies in Japan, noting the importance of estimating the reliability of ageing and impact tests. 

Allen, 2003, [16] 

Comprehensive review of the development of adhesive science over the past forty years. The study reviews 
significant progress in fundamental theories of adhesives, particularly in the concept of mechanical bonding, 
adhesive mechanism, Adhesion, cohesion forces, and polymer spread, along with pressure-sensitive adhesives and 
weak boundary layers. Furthermore, these theories have evolved over time, with an emphasis on the practical and 
industrial advancements that have resulted from these developments. 

He, 2011, [17] Comprehensive review on FEM analysis of ABJs, focusing on applications of the analysis under different conditions 
particular in static and fatigue loading 

Katnam et al., 2013, 
[18] 

 

Scientific review on the repair of aircraft composite structures applying adhesives, focusing on the technical 
challenges and potential opportunities in this field. The review provides a framework for improving adhesive repair 
techniques and highlights the need for additional research to improve the reliability of repairs under challenging 
environments. 

Pethrick, 2014, [19] 
 

Comprehensive review of the design of ABJs and the environmental influences on their performance over time 
focuses on the design of adhesives used in structural bonding and the effects of aging on them, as well as the impact 
of environmental determinants such as moisture, temperature, and atmospheric pressure on the long-term 
performance of ABJs. 

Heshmati et al., 
2015, [20] 

Comprehensive review on the durability of ABJs, particularly in issues related to environmental degradation of 
these joints. It also reviews the most important influencing factors such as moisture, temperature, and long-term 
mechanical stresses. The paper not only provides data from durability tests conducted on materials used in civil 
engineering applications, but also highlights areas for future research that require attention. 

Machado et al., 
2017, [21] 

Comprehensive overview of the behavior of ABJs under impact loading, an active field due to significant industrial 
interest. Furthermore, it focuses on the use of ABJs in industries, for instance, automotive and defense, which require 
high impact resistance to ensure structural integrity. 

Jeevi et al., 2019, 
[22] 

Comprehensive review provides a detailed review on the application of ABJs in hybrid composite structures. 
However, it also discusses a range of factors that affect these joints' performance, including surface treatment 
methods, joint design, material properties, and environmental conditions such as moisture and temperature. 

Shang et al., 2019, 
[23] 

Comprehensive review of techniques for improving the strength of ABJs in composite structures, with an emphasis 
on factors affecting performance such as modification of geometric and material properties. 

Gursel and Cekirge, 
2019, [24] 

Comprehensive review on the behavior of ABJs under impact loading. The study delves into the significance of 
ABJs in impact-prone engineering applications, especially in the automotive sector, where they serve to decrease 
automobile weight by joining lightweight, multi-layered materials. The focus is on the distinctions in adhesive joint 
performance under quasi-static and impact loads, emphasizing the significance of testing methods and the role of 
strain rates in determining performance. 
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Ramalho et al., 
2019, [25] 

Comprehensive review focuses on various methods for predicting the strength of ABJs under static load. The study 
addresses both analytical and numerical approaches used to evaluate the strength of ABJs, with a particular focus 
on the application of Cohesive Zone Models (CZM) as the most common and accurate method for predicting 
durability. Furthermore, the study conducts a comparison with traditional join analysis methods. 

Ramírez et al., 
2020, [26] 

Comprehensive review on the impact of environmental degradation such as temperature and moisture on the fatigue 
failure performance of ABJs. Furthermore, it discusses experimental work and analytical models that have been 
developed to study this topic and presents the most important developments and limitations in this field. 

Bukhari et al., 2020, 
[27] 

Comprehensive review on the influence of surface roughness on wetting intensity and energy in ABJs made of 
polymers. It talks about theories of adhesion. It also discusses industrial applications of adhesive joints in lightweight 
structures, such as making aircraft and automotive. 

Abid et al., 2020, 
[28] 

The review examines how the preparation surface affects the strength of AL 6061 T6 aluminium ABJs. It explains 
that increasing surface roughness leads to an increase in bond strength up to a specific limit, but if the roughness 
increases excessively, the strength begins to decrease. 

Marques et al., 
2020, [29] 

Comprehensive review aims to provide an overview of recent developments in adhesive technologies and surface 
treatments for structural applications, with a particular focus on developments related to sustainability and 
applications in metal and composite structures. 

Kanani et al., 2020, 
[30] 

Comprehensive review delves into the various applications of joining different materials, such as metal and 
composites, using adhesive and hybrid joints. Additionally, it discusses the failure mechanisms of these joints under 
the influence of structural loads and environmental conditions and reviews the efforts made to improve their 
performance through engineering and material modifications. 

Kupski and Teixeira 
de Freitas, 2021, 

[31] 

Comprehensive review on the design of carbon fiber reinforced polymer (CFRP) adhesive joints as well as their 
applications in aerospace structures. It focuses on designs of adhesive joints and challenges related to these joints; 
hence, it suggests prospects to improve their performance and reduce the possibility of early failure. 

Omairey et al., 
2021, [32] 

Comprehensive review of the limitations and challenges facing ABJs in composite structures. This research offers 
a study of the primary issues associated with adhesive joints, including defects that arise from inadequate contact 
between adhesive surfaces (e.g., bonding interfaces, air bubbles, and delamination), as well as defects resulting from 
environmental and manufacturing degradation. It also highlights the challenges associated with identifying these 
defects through conventional non-destructive methods, as well as their impact on the durability and efficiency of 
ABJs, particularly in harsh environments. 

Wang et al., 2021, 
[33] 

Comprehensive review delves into the research and experiments that investigate the fracture of ABJs between 
dissimilar materials. It focuses on analyzing the cracks in these joints, discussing three main aspects: mechanical 
tests, factors leading to crack growth, and mixed mod fracture (mode I and II). Furthermore, it demonstrates how to 
improve performance using new techniques and crack analysis in adhesive joints between dissimilar materials, 
indicating the need for more experiments to verify the proposed theories. 

Maggiore et al., 
2021, [34] 

Comprehensive review discusses the various techniques used to achieve durable and stress-resistant joints in hybrid 
bonding processes, focusing on structural adhesive joints specifically. It highlights the role of structural adhesives 
like epoxy and polyurethane in enhancing structural performance across a range of applications, including the 
aerospace and automotive sectors. 

Delzendehrooy et 
al., 2022, [35] 

Comprehensive review on structural bonding technologies in the marine industry, including adhesive, welding, 
mechanical, and hybrid bonding. Each technique's pros and cons are discussed, with an emphasis on choosing the 
best one for the industrial application and its needs. The research underscores the significance of hybrid bonding, a 
technique that blends two distinct technologies to enhance performance efficiency and endure the severe conditions 
these structures encounter in marine environments. 

Akhavan-Safar et 
al., 2022, [36] 

Comprehensive review of the applications of ABJs in various industries, with a focus on the benefits and challenges 
of their manufacture and use. The review demonstrated that using adhesive joints with two types of adhesives (brittle 
and ductile) substantially improves joint strength while decreasing the total weight of the structures. 

Desai et al., 2023, 
[37] 

The review provides a thorough analysis of methods to enhance ABJ's strength and fracture standards, highlighting 
the influence of geometric design and material characteristics on structural efficiency. The study focuses on 
enhancing the strength of ABJs by applying a variety of geometric design techniques, stress distribution, and 
material arrangement. Additionally, it employs mechanical fracture testing methods to gauge fracture characteristics 
and assess the overall performance of adhesive joints. 

Dallaev, 2024, [38] 

Comprehensive review on recent developments in the field of materials with self-healing properties. It discusses 
materials, including polymers, ceramics, metals, and composites, that can self-repair damage with little or no 
external intervention. Also, review the diverse applications of these materials in fields such as aviation, marine 
industry, medicine, and engineering. The mechanisms of crack healing and damage healing in structures, which 
contribute to extending the life of materials and reducing maintenance costs, receive emphasis. 

Yao et al., 2024, 
[39] 

Comprehensive review on the fatigue behavior of soft adhesive systems (SASs), which are widely applied in 
industries such as biomedicine, flexible electronics, and robotics. It systematically reviews the mechanisms behind 
fatigue failure in SASs, including energy dissipation during cyclic loading. It highlights classical research methods 
like total fatigue lifetime and fatigue crack growth (FCG) to understand these failures. Furthermore, the study 
outlines unresolved issues in predicting the service life of SASs under complex load conditions. Importantly, the 
study examines the role of soft properties like viscoelastic dissipation in relation to fatigue failure mechanisms. 
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High/low energy surfaces: Typically, metal surfaces (or 
their oxides) have high energy levels ranging from 200 to 1500 
mJ.m-2, while most polymers have low energy levels with 
values between 20 and 50 mJ.m-2. Water has a numerical value 
of 72 J.m-2, which is unusual [50]. 

Wetting: is the degree of intimate contact that a liquid 
establishes with a surface upon application. The distribution 
may vary from complete coverage across the surface to the 
presence of droplets with minimal or no contact. The term 
contact angle θ, serves to elucidate this concept. A strong 
adhesive bond can only be achieved through effective 
adhesion wetting by an adhesive, which is a necessary but 
insufficient condition [40], [50]. Figure 2 illustrates some of 
the above terms and the structure of ABJ in relation to a single 
lap joint (SLJ). 

 
Fig. 2 the Adhesive Bond Joint, which includes the adhesive, adherend, and 

overlap in SLJ [5], [50]. 

2. Fundamental of adhesion 
The study of adhesion, including its mechanisms and 

theories, has only recently begun in a significant way. The 
Adhesives Research Committee of the British DSIR noted in 
1922 that there was no single method that could account for all 
accepted explanations for the mechanism by which adhesives 
bond surfaces. Over the last 80 years of the century, several 
explanations and ideas have emerged. Initially, many 
mistakenly believed that a single explanation could and should 
explain every instance of adhesion, from attaching a postal 
stamp to an envelope to providing the necessary strength for 
an airplane's construction.  In the end, this assumption's lack 
of logic led to the creation of many theories, each of which can 
explain a wide range of adhesion situations on its own or in 
combination with others [40], [51]. 

2.1. Adhesion theories (Mechanisms) 

Researchers have developed numerous theories to study 
the formation of bonds, like mechanical interlocking, 
diffusion, electrostatic/electronic, and physical absorption 
[52]. Also, Van der Leeden and Frens [53] categorize adhesion 
models into four primary groups: mechanical, diffusion, 
electrostatic, and adsorption theories. Fourche [54] suggests a 
like classification based on the idea of weak border layers. 
Although some have questioned this idea [55], it still helps 
explain certain cases of weak adhesion. This section will 
provide important reviews of each mechanism individually, 

which can aid in understanding the formation of the adhesive 
bond. 

 
Fig. 3 Adhesion theories [52]. 

2.1.1. Mechanical interlock theory 

It is a fundamental concept that represents the earliest 
explanation of adhesion. McBain and Hopkins proposed it in 
1925 [51]. Occasionally referred to as "hooking,” this process 
entails the liquid adhesive penetrating the crevices and flaws 
of a solid adherent surface and subsequently hardening within 
those spaces. After curing, the interface establishes the 
meshing connection, or anchoring effect. The mechanical 
interlocking concept primarily relies on the adhesion's 
roughness and the adhesive's porosity [56]. Figure 4 (a) to (e) 
displays various conventional mechanical connection models. 
Figure 5 shows sufficient and poor wetting. Mechanical 
interlocking significantly influences the adhesion of fibrous or 
porous materials to steel [55], including wood [57], textiles 
[58], paper, and natural rubber [55]. Later, other studies [59-
61] showed how important it is for surfaces to physically 
interact with each other at the microscopic level. This happens 
when the surface's pores or micro-roughness create a 
"composite-like" interphase with the adhesive. As a result, the 
application of chromic acid, or plasma, for the surface 
treatment of polyethylene fiber enhances adhesion quality by 
addressing surface defects and augmenting the interface area 
between them [62]. 

 
Fig. 4 Conventional models of mechanical connections: (a) embedding, (b) 

hooking, (c) anchoring, (d) nailing, and (e) root fastening [5]. 
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Fig. 5 the pair of cases: (a) sufficient wetness and (b) insufficient wetting 

[5], [54]. 

2.1.2. Diffusion theory 

Fuyutsuki et al. put forward this theory [63]. According to 
and based on this theory, adhesive and adherent molecules 
form strong interactions by diffusing together, as demonstrated 
in Fig. 6. In addition, each adhesive and substrate should 
consist of miscible and mutually compatible polymers. Fick's 
diffusion laws predict that under constant aggregation 
pressure, both polymeric specimens will diffuse together. The 
diffusion process is significantly influenced by temperatures, 
molecule weight, interaction duration, as well as the properties 
of the polymeric materials. This theory can explain a multitude 
of phenomena and how they affect the strength and 
performance of an adhesion bond. In particular, it elucidates 
the influence of processing environments like temperature and 
duration on bond performance, the impact of adhesive material 
types on join strength, and the addition of additives to enhance 
the strength of certain adhesives. Diffusion theory, 
nevertheless, presents some constraints. It does not explain the 
mechanisms involved in joining metallic materials to 
inorganic substances, including both glass and ceramics [64]. 

 
Fig. 6 (a) Adhesive and (b) substrate molecule interdiffusion [54]. 

2.1.3. Electrostatic/electronics theory 

In 1948, Derjaguin et al. proposed the electrostatic theory 
of adhesion. Later, in 1967, they developed the basis for this 
theory [65], which depends on the variation in 
electronegativities between adhesive and substrate material. 
Based on this theory, consider the adhesive and substrate unit 
to be a capacitor, and each plate symbolizes the electrical 
double layer that develops upon contact between two 
dissimilar materials (Fig. 7) [54], [65]-[66]. When electrons 
cross the interface, positive and negative charge regions form 
an electrical double layer. 

The electrostatic theory posits that the electrostatic forces 
at the interfacial contribute to the adhesive-adherent attraction 
[66]. The adhesive interface allows charge to flow away from 
the surface when peeled slowly, reducing charge attraction and 
work required for peeling. Overly rapid peeling may result in 
insufficient charge dissipation, which in turn increases the 
adhesive work requirements. This elucidates empirical 
findings that demonstrate a correlation between bonding 
strength and peeling speed while also addressing the 
challenges related to the adsorption theory [67]. 

Until now, it has not adequately quantified the electrostatic 
theory's contribution to bonding strength [68]. It is important 
to note that electrostatic action is present only in bonding 
systems capable of forming a double electric layer, thus 
limiting its universal applicability. 

 
Fig. 7 An electrostatic double layer at polymer-metal interfaces, as well as 

electron donor and acceptor pairs [54], [66]. 

2.1.4. Physical absorption theory 

 This mechanism has received widespread recognition. 
Schonhorn and Sharpe [69] created the adsorption theory. This 
theory states that bonds form when adhesive molecules and 
adherends adsorb or when interatomic forces perform at the 
adhesive-substrate interface after they touch. It can classify the 
forces between adhesive and substrate as primary (metallic, 
ionic, or covalent) or secondary (hydrogen bonds, van der 
Waals). 

This theory includes several models, for instance chemical 
adhesion, wetting, and rheological, which are sometimes 
considered separate theories. Surface energy serves as the 
foundation for the theory, which uses wettability as a standard. 
Better wetting of the adherend surface makes it easier for 
adherend and adhesive molecules to come into closer contact 
with each other, which strengthens the bonding force between 
molecules at the interface. It is crucial to recognise that as the 
molecular distance across the adherent and adhesive nears a 
specific threshold, the van der Waals force emerges as the 
primary influence [70]. 

Many comprehensive reviews [55], [71], [72] have 
elucidated significant results pertaining to the wetting and 
wettability of polymers. Currently, the existing theory of 
adsorption effectively associates bonding with intermolecular 
forces, offering a scientific rationale for the bonding 
mechanism. However, the adsorption theory by itself cannot 
completely clarify the bonding process because of its intrinsic 
complexity. It has notable deficiencies: while the adsorption 
concept primarily attributes bonds to intermolecular 
interactions, it fails to explain why the interfacial bonding 
strength sometimes exceeds the adhesive itself. Adsorption 
theory suggests that the rate of molecular separation should not 
influence the amount of work needed to overcome 
intermolecular forces when a bond fails. Further, adsorption 
theory fails to explain the relationship between bonding 
strength and strain rate. 
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2.2. Primary considerations contributing to adhesion 

Adhesion is a multifaceted phenomenon that encompasses 
polymer synthesis, surface chemistry, and additionally 
experimental and theoretical mechanics [66]. Establishing the 
causes of interactions reveals a variety of theories in literature, 
many of which differ significantly. Mechanical anchoring or 
press-stud theory describes how the adhering sticks to the 
substrate's holes and gaps. The film-forming agent's molecules 
stick to each other through diffusion or contact charges, 
creating reflection forces. The adhesives and the substrates 
also interact with each other through polar functional groups, 
hydrogen bridging bonds, or chemical bonds (Fig. 8) [73]. All 
the mechanisms mentioned above have the potential to 
influence bond strength and adhesion. Individual adhesion 
processes can only significantly contribute when they meet the 
criteria. 

 
Fig. 8 Chemical and physical substrate adhesion factors [73]. 

 
Fig. 9 Graphs showing values of the potential energies of hydrogen bonds 

and van der Waals forces as contributors to adhesion [73]. 

The interactions described by the phrase van der Waals 
forces require a distinct classification. Regardless of the 
substrate's type and physical characteristics, they are often the 
primary sources of adhesion. Figure 9 illustrates the potential 
energy curves and values associated with hydrogen bonds and 
van der Waals forces, both of which participate in adhesion. 
Additionally, they comprise directional forces (dipole-dipole 
interactions), induction forces (dipole/induced dipole 
interactions), and dispersion forces. Provided there is an 
adequate chemical structure and substrate, efficient hydrogen 
bonding interactions may occur [73]. 

 

3. Designing and failure of ABJs 
The efficiency, overall performance, and bonds strength 

are significantly dependent on the quality of the fabrication 
process applied in ABJs. Selecting a suitable adhesive for 
specific substrate materials, implementing adequate 
preparation and application method, and implementing 
specific strength augmentation strategies can all lead to a 
superior bonding quality. By evaluating the interior 
morphology and integrity of bonded structures through defect 
detection, it can prevent initial damage during service [74]. 

3.1. Adhesive joint configurations 

Joints provide one of the most complex challenges in the 
structure's design, particularly in composites, since they 
produce discontinuities in the structure's geometry and 
material characteristics, as well as large local stress 
concentrations. According to Adams and Wake [75], designers 
have access to a wide range of joints. Chamis and Murray [76] 
propose a sequence of steps for the initial design of composite 
adhesive joints, such as single, double, steplap, and scarf, 
suitable for both hot and wet service conditions under static 
and cycle loads. An ideal joint should subject the adhesive to 
shear forces and maximize the load-bearing area.  These are 
two fundamental principles for design engineering. However, 
this may not be universally achievable for all types of joints, 
such as a T joint. The discussion focuses on the general 
classification of joint configurations into joints displayed in 
Fig. 10. 

 
Fig. 10 (a) single lap joint, (b) double lap joint, (c) tapered single lap joint, 
(d) tapered double lap joint, (e) stepped single lap joint, (f) stepped double 

lap joint, (g) scarf joint, (h) butt joint, (i) L-joint, and (j) T-joint. [5] 

3.1.1. Lap joint 

Commonly used in practical applications, lap joints stand 
out for being structurally simple and straightforward to 
construct, as well as for their ease of implementation. The lap 
joint connects adherents into a single entity, allowing the 
transfer of mechanical loads between them. The two most 
prevalent forms of joint configurations are single and double 
laps as shown in Fig. 10 (a) to (d). The industry extensively 
uses the single-lap joint (SLJ) [50]. Due to their simplicity of 
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manufacture, inspection, and maintenance [77], SLJs are one 
of the most commonly used joints in aircraft. SLJs are the 
focus of most research on Non-Destructive Test (NDT) and 
Structural Health Monitoring (SHM) of adhesively bonded 
structures. However, other types of joints can easily apply the 
techniques and processes developed for SLJ [74]. 

Despite their simple structural design, SLJs indicate both 
shear and peel stress as a result of the bending deformation that 
occurred because of their non-uniform path of loading. Hence, 
manufacturers often select a double lap joint because it enables 
a consistent distribution of load within the adhesive, thereby 
mitigating the drawbacks associated with SLJs. Nevertheless, 
the double lap joint, with its three adherents, not only adds 
weightiness, but also complicates the fabrication process and 
increases costs compared to SLJs. This makes it less common 
in joint constructions where weight reduction is a primary 
consideration. 

3.1.2. Stepped lap joint 

Multiple configurations of the stepped double lap and 
stepped-SLJs are demonstrated in Fig. 10 (e) to (f). The ability 
of stepped lap joints to mitigate the effects of bending 
moments caused by eccentric loading motivates their 
introduction. A three-step lap joint (TSLJ) has considerably 
higher bending and fatigue strengths than (SLJ). Akpinar [78] 
conducted an evaluation of the mechanical properties of SLJs, 
single stepped lap, and TSLJ, all possessing identical bonding 
areas. The findings indicated that TSLJs exhibited the lowest 
stress concentration. Durmus and Akpinar [79] investigated 
how a step's length affects the failure load in a TSLJ under 
tensile conditions. The failure load may grow substantially 
when the first and middle step lengths are comparable, as they 
demonstrated. Nonetheless, this type of joint typically uses 
composites as the adherend. Ichikawa [80] conducted a study, 
using experimental and 3-D finite element analysis (FEA), to 
investigate the performance of ABJs, a stepped-lap joint from 
steel, in a static tensile load. The study showed that decreasing 
the thickness of the adhesive, increasing its Young's modulus, 
and adding additional steps all led to decreased maximum 
principal stress values at the ends of the overlap region [81]. 

3.1.3. Scarf joint 

The manufacturing process of the scarf joint, as illustrated 
in Fig. 10 (g), includes performing the bonding portion 
between the two joints in an inclined plane. The requirement 
to precisely control the dimension of the oblique adhesive 
layer and the inclined surface complicates the fabrication 
process, while the joint formation reduces stress concentration. 
Adkins and Pipes [82] investigated the mechanical behavior of 
scarf adhesive joints used in composite materials. They 
discovered that small angles are extremely sensitive to 
stiffness mismatches and adherent tip bluntness, resulting in 
significant stress concentrations. In accordance with Kanani et 
al. [83], the scarf joint outperforms other designs, and 
increasing the overlap length has a significant impact on some 
joints. Furthermore, this configuration design allows for a 
more uniform distribution of bearing damage, as the adherent 
tapers at the overlap edge portion. In addition, this 
configuration design reduces the bending moment by 
distributing less stress along the joint path. 

The angle of the scarf (θ) is a crucial consideration for scarf 
joints, affecting both structural performance and the 

mechanisms of failure. When θ is high, adhesive failure 
typically occurs, whereas with a lower θ, matrix cracking and 
delamination are more common [84]. Using photoelasticity 
and FEM, Nakagawa and Sawa [85] investigated scarf joints. 
The study concludes that an optimum scarf angle exists under 
a static tensile load; the stress singularity disappears, and the 
stresses distributions evolve into uniform close to the interface 
boundary, indicating that the scarf angle is optimal. 
Nonetheless, the optimum scarf angle does not exist under 
thermal loads. 

3.1.4. Butt joint 

The butt joint is the simplest to fabricate. Nevertheless, it 
is unable to withstand bending stress due to the separation of 
the adhesive. Fig. 10(h) represents designs that can improve 
the ABJ's strength in the case of thick adherends. These 
modifications reduce the adhesive cleavage stress. Tongue-
and-groove joint forms exhibit notable effectiveness due to 
their function as reservoirs for adhesive materials and their 
self-aligning properties [50]. A butt joint lacks an axial overlap 
part, resulting in a relatively small load-bearing area and 
generally poor bonding strength. Furthermore, these joints are 
inappropriate for environments with complex loads, as they are 
sensitive to loads that are orthogonal to the adherends' binding 
surfaces. 

3.1.5. T-Joint    

In T joints Fig. 10(j), the orientation of two adherends is 
perpendicular (angle = 90°). Nonetheless, this type of joint 
also includes components oriented differently from angle 90°. 
Loading might occur in the plate's plane (N) or transversely 
(T), as shown in Fig. 11. T-joints are greater in analytical 
complexity compared to lap joints and other joint types, and 
there are currently no established analytical methods for 
design determinations. When necessary, this design can 
slightly increase the load-bearing ability of ABJs, leading to 
increased use. Furthermore, the primary point of the 
recommended procedures is to minimize peel loads whereas 
maximizing shear loads. Da Silva and Adams [86] empirically 
showed a stiff foundation base reduces the peel load in the 
adhesive while significantly increasing the failure load 
compared to an elastic foundation base. Standard T joints 
determine failure by yielding the base plate, as an increase in 
its thickness typically results in a 10x increase in the failure 
load. When designing for a certain load, T-joint manufacturers 
must consider substrate behavior, particularly yield. 

Apalak [87], [88] investigated the geometrically non-linear 
design of T-joints as well as achieved similar outcomes. 
Adhesion areas at the free adhesive-sheet interface also exhibit 
concentrations of stress. Additionally, they found that 
increasing support length greatly reduces peak ABJ stresses. 
The study provides frameworks for design guidelines that 
consider the fillet, geometric parameters, and length support. 
For marine applications, Marcadon et al. [89] found that the 
overlap dimensions and T plywood-base distance affect 
bonded T-joint tearing strength. The fatigue lifespan of 
adhesive T-joints has two stages: the initiation stage, which 
lasts roughly a third of the fatigue lifetime, and the propagation 
stage, which lasts till failure. 
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Fig. 11 T-Joints [88]. 

3.1.6. L-Joint (Corner) 

L-joints are like T joints, modified according to Adams et 
al. [88]. Figure 12 illustrates common ways for reducing 
adhesive peeling stress. In 1993, Apalak and Davies [90] 
conducted a linear finite element analysis (FEA) of several 
corner joints and developed design recommendations based on 
static stiffness and stress analysis. The primary factor 
influencing stiffness and stress is the transverse load (T) in Fig. 
12. Increasing the length of support and reinforcements, as 
well as thickness, improves joint strength and reduces peak 
stress on the adhesive. Feih and Shercliff [91] analyzed a 
single L joint under a tensile force. Subcritical degradation 
develops in the composite; however, the adhesive peel layers 
are a particularly crucial component in the case of a joint 
failure. Modifying the form of the fillet may boost joint 
strength by up to 100%, according to experimental results. 

 
Fig. 12 L-Joints [88]. 

3.2. Adhesive joint characteristics and failures mod 

In general, it is essential to study the properties of materials 
to evaluate their performance, life cycle, and predict failure. In 
particular, this section will focus on the properties of the 
adhesive bond and its types of failure modes under different 
loading conditions. 

3.2.1. Characteristics of ABJs 

Table 2 analyzes the key features of ABJs, specifically lap 
joints. Furthermore, it lists a variety of joint strength 
percentages and bonding strengths. The joint strength 
percentage (R) represents the ratio of the bonded joint strength 
to the adherend strength. The most commonly used types are 
single/double-lap structures. Production commonly uses 
sandwich structures, composite materials, and aircraft 
examples for fuselage constructions, wings, tails, and other 
joining components [22], [92]. The edge of a single-lap joint 
tends to peel stress during bending [93]. Consequently, 

designers are gradually adopting functionally graded 
adhesives based on their unique characteristics. The 
preparation involves regulating the ratios of mixing across 
multiple adhesives, a process known as functional grading [1]. 

In the butt joint, the adhesive layer thickness significantly 
influences its performance [98]. In the scarf joint, the scarf 
bond angle exerts an even more significant influence [99]. The 
key factors influencing the stepped joint, inserting type, and 
waveform structure are the step number, access length, and 
bending degree [101]. 

Machado et al. [103] employed a mixture adhesive (two 
brittle and three ductile adhesives) for establishing joints, 
which had more durable characteristics than adhesive alone. 
The joints’ mechanical properties moulded with functional 
grading adhesives surpassed those of joints formed with an 
alone adhesive. Furthermore, increasing strength enhances 
joint toughness [104]. Various joint lap adhesive 
configurations exert distinct effects. 

Table 2. Characteristics of ABJs, ratios joint strength R (%), and joint 
bonding strength σ (MPa). 

ABJs characteristics R σ Ref. 

Single 
lap 

Basic structure, 
economical, simple to 

manufacture, and 
concentrate stress at the 

edges. 

4 19.2 [93-94] 

Double 
lap 

Basic structure, 
economical, simple to 

manufacture, and 
concentrate stress at the 

edges. 

5.3 21.149 [95-96] 

Butt 
Basic structure, no 
overlap and limited 

bonding area. 
5.3 69.06 [97-98] 

Scarf Strong bonding and 
middle cost. 1.8 7.37 [99-100] 

Stepped 
lap 

Complex manufacturing 
progression, yet it has 

strong loading 
capabilities. 

1.2 11.59 [101-102] 

 
Afterwards, during the analysis, it is crucial to evaluate and 

assess the application criteria, material properties, and 
pertinent process variables in order to create joints with the 
appropriate configuration. It improves the durability of joints, 
boosts manufacturing efficiency, and effectively manages 
costs. 

3.2.2. Failure modes for ABJs 

Failure occurs when an adhesive joint's strength is 
inadequate to endure external loads. There are several types of 
failures depending on where the damage occurs. It is critical to 
investigate the source of failure in order to prevent bonding 
failure. Some instances include adhesive, cohesive, 
debonding/adhesive, and mixed failure, as illustrated in Fig. 
13(a) to (d). Different failure modes are typically associated 
with the adherend material, the adhesive, the congruence of the 
substrate and adhesive, and the modes of load implementation 
[105]. 
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Fig. 13 The failure modes of joints involving adhesion and adhesives. (a) 
Substrate failure (b) cohesive failure (c) debonding or adhesive failure (d) 

mixed failure [5]. 

Cohesive failure is defined as the separation within the 
adhesive layer. A thin-layer cohesive failure occurs when there 
is a separation close to the substrate on one side or edge. The 
crack typically propagates from each overlap end toward the 
center. The investigation of cohesive failure is a crucial 
component of the joint fracture mechanics’ approach [5]. 

Adhesive failure refers to the separation that takes place at 
the interface overlap amongst the adhesive and the substrate, 
typically manifesting as a brittle failure mode. Therefore, the 
adhesive may not be substrate-compatible, compromising the 
interface binding. This implies that the use of adhesives' 
mechanical properties is never optimal [106]. 

A mixed failure is a combination of multiple failure 
mechanisms, including cohesive failure, which occur during 
the fracture initiation stage and then progresses to adherent 
material delamination during crack propagation. This is 
because the bonding region's stress status varies throughout the 
loading and failure process. 

 
Fig. 14 Examples of joint failure modes: (a) SLJ-mixed adhesive layer; (b) a 
double-lap joint - same mass on both sides; (c) a double-lap joint-different 

masses on both sides; and (d) another double-lap structure [92]. 

This results in an equal distribution of stress, which 
prevents delamination failure as shown in Fig. 14 (a) [107]. 
Wei et al. [108] investigated stresses and failure mechanisms 
for a dissimilar lap joint on both edges. According to this 
study, dissimilar double lap joints expose unequal loads and 
are more likely to crack on the thin edge. To analyze the bond 
area failure mechanism, Zhao et al. [95] conducted an 
experimental study on double-lap joints under tensile load. 
Similar failure types at the adhesive boundary were observed 
when the adhesive surfaces exhibited similar characteristics, 
as shown in Fig. 14 (b). The side exhibiting poor adherence is 
shown first in Fig.14 (c). Consequently, the regular application 
of adhesives along both edges of a double lap joint is critical 
for enhancing the strength of the joint. It refined the double lap 
joint design to find a more suitable configuration, as shown in 
Fig. 14 (d). While this increases the total characteristic of the 
joining structure, it does not account for its light weight [109-
112]. 

 

4. Failure analysis criteria and strength prediction  
Due to the complex stress condition and singularity in 

ABJs, it is generally difficult to predict failure [113]. The 
challenges associated with adhesives include: (1) varying 
failure mechanisms among the adhesive and the adherend, as 
well as the interface between them; (2) the influence of 
pretreatment, for instance surface preparation, curing, and 
manufacturing problems (defects, flaws, imperfections, etc.) 
on the adhesive's performance; and (3) the diversity of material 
conducts, including elastic, inelastic, ductile, and brittle 
properties. Under dynamic and cyclic loading, predicting the 
failure of the adhesive bond joint (ABJ) with composite 
adherents may become increasingly challenging [114]. 
Literature identifies two primary criteria for predicting ABJs 
failure: stress analysis and fracture mechanics analysis [115]. 

4.1. Stress based analysis (continuum mechanics) 

The principles of analysis depend on stress and strain, 
which predict adhesive failure. In terms of stress, this includes 
maximum shear τmax, maximum peeling σmax, and the von 
Mises stress. The strain encompasses the maximum shear 
strain γmax, maximum peeling strain εmax, and longitudinal 
strain [116]-[125]. However, empirical results showed that for 
comparatively thick adhesives, the failure stress decreases as 
the adhesive thickness increases [126]. Consequently, the 
design of ABJs often uses a failure criterion based on fracture 
mechanics as a strength criterion [127]-[128] 

4.2. Fracture mechanics-based analysis 

Fracture mechanics is based on understanding the types of 
pre-cracks and defects in the structure. It uses these ideas to 
figure out how strong ABJs are by looking at the stress 
intensity factor (SIF) and the energy release rate (G) [129]. SIF 
serves as an index for the variations in states of stress near the 
crack tip. Conversely, it determines G by comparing the strain 
energy release rate (GI) resulting from the applied load with 
its corresponding critical value (GIC) [115]. For strength 
prediction, of ABJ's design, it is necessary to determine the SIF 
or G values in addition to their critical values, like fracture 
toughness or critical energy release rate. The research indicates 
that it can determine SIF or G through theoretical analysis, 
numerical modeling, or experimental assessment, but it needs 
dedicated experiments to study materials for critical values 
[130]-[133]. In linear elastic fracture mechanics (LEFM), SIF, 
a theoretical value, is helpful in determining the failure modes 
for fragile materials [134]. 

As a function of load and failure prediction, the literature 
has investigated in extensive detail aspects of fracture energy 
release rates [135]-[137]. Furthermore, the mixed-mode 
fracture criteria [138]-[139] significantly affects the strength 
of ABJs. Recent studies have utilized the Stress Intensity 
Factor in fracture mechanics to evaluate the strength of ABJs 
[140]-[141]. 

4.3. Analysis methods of ABJs 

Both analytical and numerical methods enable one to 
analyze ABJs. Each of these methods presents features and 
drawbacks, Analytical methods can assess joints efficiently, 
easily, accurately, and quickly, but they require specific 
presumptions for complicated ABJs, which may limit the 
accuracy of the analysis. Numerical methods can evaluate 
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complex ABJs without requiring any assumptions. The only 
limitation is the time required for computation. The following 
sections cover the most recent developments in analytical and 
numerical methods [9]. 

4.4. Analytical methods 

Analytical techniques assist during the initial design of 
ABJs, reducing cost-effective testing and analysis duration. 
Volkersen [142] proposed the first shear lag model for ABJs 
in 1983, assuming that the adhesive is in shear alone, the 
adherends are in tensile, and that these stresses are constant 
along the thickness of the joint. Furthermore, Goland and 
Reissner [143] took adherent bending into account in addition 
to shear stress, which results in peel stress in the adhesive layer 
as in Fig. 15. 

 
Fig. 15 appears the peel and shear stress distributions according to Goland 

and Reissner [144]. 

In the literature, Hart-Smith [145] presented a simple 
analytical model based on the idealized elastic-plastic behavior 
of an adhesive layer, focusing on the effect of shear 
deformation on joint strength. Later studies such as Renton and 
Vinson [146]-[147] and Srinivas [148] presented models that 
included the effects of transverse shear deformation in single- 
and double-layer joints, while studies such as Dattaguru et al. 
[149] and Pickett and Holaway [150] used nonlinear analysis 
methods to evaluate the performance of ABJs. Furthermore, 
the studies addressed advanced analytical methods for 
evaluating stresses and strengths of ABJs, with emphasis on 
the effects of bending, shear deformation, and dissimilar 
materials. These investigations included analytical and 
numerical methods to improve the prediction of the 
mechanical behavior of joints, with results confirming the 
importance of adhesive and material properties [151]-[158]. 
The results confirmed the importance of including shear 
deformations, bending, and asymmetrical effects in the 
prediction of accuracy. The nonlinear models showed 
superiority in predicting joint strength compared to 
conventional methods. 

Recently, new analytical models have been presented, 
which will be briefly explored as follows [159]-[165]. Studies 
have provided accurate analyses of stress distribution in ABJs 
using analytical and finite element models. The research has 
focused on the effect of geometric considerations, for instance 
adhesive thickness, loading and boundary conditions, slope 
angle, and overlap length, to reduce stresses and enhance 
ultimate performance. 

Analytical models are an effective tool for evaluating 
stresses in ABJs, as they are highly accurate while minimizing 
computational effort. Moreover, geometric factors and 
boundary conditions, such as adhesive thickness, overlap 
length, and taper angle, play a crucial role in improving 
performance and reducing interfacial stresses. These models 
are ideal for advanced engineering applications due to their 
flexibility, which enables rapid results and simple updating to 
accommodate changes in dimensions and material properties. 

4.5. Numerical methods (FEMs) 

Joint geometry, material properties, structural 
configurations, loading paths, and boundary conditions affect 
ABJ's mechanical behavior. Due to time and cost limitations, 
analytical keys for these joints with complex geometry, 
heterogeneous materials, and nonlinearity of material are 
challenging to determine. Therefore, numerical models, 
notably FEA, are preferred for investigating these joints [166-
167]. The literature uses numerous methods to provide 
adhesive joint finite element analysis (FEA). Adams et al. have 
conducted both linear [168] and nonlinear [169] analyses. Da 
Silva and Camplho et al. [170] reviewed the numerical 
modeling of adhesive joints, focusing on damage assessment 
methods that had seen extensive development at the time. 
While two-dimensional FEA was initially suitable, the 
advancement of numerical techniques resulted in the increased 
adoption of three-dimensional models [171]-[173]. 

The applications of FEA have been extended to investigate 
the greater complexity of effects such as impact loading [174], 
dynamic loading (fatigue) [175], vibration [176], and thermo-
mechanical loading [177], with studies demonstrating its 
efficacy in these cases. FEA is an effective solution for 
addressing the challenges caused by the complicated geometry 
and nonlinear nature of ABJs. Recent developments in damage 
models have enabled a balance between accuracy and 
efficiency, positioning these models as an optimal solution for 
applied studies. 

4.5.1. Extended finite element method (XFEM) 

The extended finite element method (XFEM) is a 
numerical technique that improves on the classical finite 
element method (FEM) by extending the solution field to 
include solutions to equations containing discontinuities. 
XFEM's development sought to address local feature-related 
problems such as discontinuities and cracks, which provide 
difficulties for conventional mesh optimization [134], [178]-
[182]. 

In contrast to classical FEM, XFEM uses a mesh that is 
independent of the structure's geometry or material interfaces, 
obviating the necessity for high-density mesh partitioning in 
regions with concentrated stresses or deformations. In order to 
locate a fracture in the joint structure without internal details 
or pre-cracks, a level function was employed. Unlike FEM, 
XFEM allows element discontinuities by using particular 
displacement functions and extra degrees of freedom. Since 
XFEM does not need pre-defined crack paths like virtual crack 
closure technique (VCCT) and CZM methods do, it is 
particularly beneficial for simulating damage and crack 
development [183].  

The literature has documented several investigations of 
ABJs using XFEM [184]-[188], concluding its efficacy in 
addressing cracks and damage without requiring complicated 
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meshes or pre-existing cracks. Furthermore, it is an advanced 
option for modeling joints using various materials and 
different damage conditions. 

4.5.2. Cohesive zone model (CZM) 

This method accurately describes the entire damage 
behavior, from the initial stage of cracking to ultimate failure, 
owing to its precision in predicting failure and addressing 
stress discontinuity. Cohesion zone modeling (CZM) is a 
common method for investigating crack initiation and 
propagation in ABJs, particularly when integrated with finite 
element analysis (FEA). The experimental determination of 
the Traction Separation Law (TSL) forms the foundation of 
this approach, which is based on specialized elements. 
Nevertheless, CZM faces considerable challenges, including 
the determination of cohesion parameters, uncertain crack 
paths, and concerns regarding mesh convergence. The 
integration of experimental models with specialized elements 
is essential for the implementation of CZM in FEA [189]-
[195]. The stress-displacement separation (TSL) law describes 
irreversible joint interface conditions like deformation and 
deterioration. Furthermore, it precisely determines cohesive 
stress along the interface region [196]. 

TSL provides significant versatility due to multiple 
configurations designed for various applications defined by 
displacement and traction, including Bilinear [197], Trilinear 
[198], Linear-parabolic [199], Exponential [200], Trapezoidal 
[201]-[202], and Polynomial [203]. Figure 16 displays some 
of these formations. However, the TSL is designed such that 
the total energy per unit area upon complete damage of that 
component is equivalent to the fracture toughness (Kc), which 
is established through experimental procedures irrespective of 
the applied form [205]. This enhances the accuracy of the 
model. 

 
Fig. 16 Irreversible CZM with traction and displacement. Include the 

following: (a) triangular, (b) trapezoidal, (c) linear-exponential, and (d) 
exponential-linear [204]. 

Determining a suitable TSL is crucial for accurately 
predicting the adhesive's fracture behavior. Research has 
demonstrated that CZM can effectively model several types of 
adhesive joints. Bilinear CZM is best suited for brittle joints, 
exponential CZM for ductile joints, and trapezoidal CZM for 
both types of joints [206]-[207]. Also, TSL is applied in 
accessible software (i.e., ABAQUS or ANSYS). 

Table 3. Conventional adhesive fracture toughness evaluations. 

Structural Assess Approach Fracture mod 

 

Double Cantilever 
Beam (DCB) Mod I 

 

Tapered Double 
Cantilever Beam 

(TDCB) 
Mod I 

 

End Notched 
Flexure (ENF) Mod II 

 

Mixed Mode 
Bending (MMB) Mixed mod 

 

Asymmetric Double 
Cantilever Beam 

(ADCB) 
Mixed mod 

 
Single Leg Bending 

(SLB) Mixed mod 

 
Crack Lap Shear 

(CLS) Mixed mod 

 

Asymmetric Tapered 
Double Cantilever 
Beam (ATDCB) 

Mixed mod 

 
Comprehensive CZM modeling includes multidirectional 

strength and fracture toughness. Under different stress levels, 
the adhesive joint's effectiveness depends on fracture 
toughness (Kc) [208]. For comparison, Table 5 lists common 
literature calibration procedures. 

4.5.3. Virtual crack closure technique (VCCT) 

VCCT is a extensively recognized and commonly abused 
numerical method for simulating crack propagation. Irwin 
[209] first proposed this technique, which states that the 
energy required to initiate a fracture is equivalent to the energy 
required for closing it. This technique may be used to analyze 
the separation of mixed fracture modes and to find strain 
energy release rates, which are useful for assessing crack 
propagation. The VCCT technique requires pre-crack and fails 
to properly represent the nonlinear or peak load portions of the 
load-displacement curve [210]-[211]. In contrast, the CZM 
approach does not have this limitation. The literature 
concludes that nonlinear analysis using VCCT offers a more 
accurate evaluation of adhesives under critical loading 
conditions [212]-[213]. 

5. Conclusions 
ABJs have been reviewed in published studies from the 

past decades to the present, focusing on adhesion theories and 
factors affecting their performance. Such parameters include 
geometrical factors (adhesive thickness layers, overlap 
dimensions, and ABJ components), material properties, 
manufacturing techniques, and failure mechanisms. All these 
criteria must be considered while designing bonded joints for 
excellent structural performance. 

Research indicates that there is no comprehensive unified 
theory describing all adhesive bonds due to the enormous 
complexity of materials and diverse bonding conditions. 
Comprehending adhesion requires an in-depth understanding 
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of both surfaces and bulk material properties, in addition to the 
characteristics of the adhesive. The length scale at which the 
adhesion phenomenon occurs also plays an important role, 
with recent focus shifting to the study of adhesion at the 
nanoscale. The study of adhesion theories is a vital topic for 
ongoing research and development. Furthermore, it anticipates 
gradual future developments unless they implement innovative 
methodologies and experimental strategies. 

The type of material to bond, the service conditions, and 
the application field typically influence the selection of the 
appropriate bonding technique. However, the effects of 
jointing techniques on failure behavior and the correlation 
between the mass adhesive strength and the joint's strength 
remain uncertain. Selecting the appropriate bonding method 
for specific applications is of paramount importance. 
Furthermore, there is no universal correspondence between the 
strength of the ABJs and engineering parameters like overlap 
length, adhesive layer thickness, and joint configuration. This 
is due to potential interference from other factors, such as the 
properties of the adhesive (ductile or brittle), the loading path 
and mode, and the condition of the surface substrate material. 
Therefore, it is essential to take these factors into account when 
optimizing engineering parameters to achieve maximum joint 
performance. 

Utilizing analytical and numerical methods like XFEM, 
CZM, and VCCT represents the most effective approach for 
optimizing geometrical parameters to predict joint strength and 
failure. The (CZM) serves as an effective tool for simulating 
progressive damage and crack development in adhesive joints, 
using stress-displacement rules to identify the phases of 
separation and damage. Conversely, the (VCCT) focuses on 
quantifying the energy required to close the crack to determine 
its growth direction. This method is effective for precise 
simulations of crack propagation, although it necessitates the 
existence of a pre-crack. The (XFEM) represents an 
advancement in finite element analysis, enabling the detection 
of complicated cracks without requiring mesh reconfiguration, 
which makes it particularly suitable for the analysis of highly 
complex engineering structures. 

Eventually, continued studies on failure mechanisms are of 
significant importance, as they contribute to a more 
comprehensive understanding of the properties of ABJs. 
Further development of numerical models is essential to 
address environmental characteristics and enhance overall 
performance effectively. Advanced computational techniques, 
particularly those related to data science, indicate an urgent 
need for further investigation into new modeling and 
simulation methods for interconnected joints. A future 
challenge is how to fully leverage the latest understanding of 
the failure mechanisms of bonded surfaces to improve the 
performance of the next generation of joints, which calls for 
further research and development. 

Nomenclatures 
ABJs Adhesive Bond Joints 
ASICs Application-Specific Integrated Circuits 
FGMs Functionally Graded Materials 
FRP Fiber Reinforced Polymer 
MWTSs Minimal Wall Thickness Structures 
FEM Finite Element Method 
NDT Non Destructive Test 

ABAS Committee on Adhesive Bonds in Automotive 
Structures 

CZM Cohesive Zone Models 
CFRP Carbon Fiber Reinforced Polymer 
SASs Soft Adhesive Systems 
FCG Fatigue Crack Growth 
PCM Phase Change material 
SLJ Single Lap Joint 
SHM Structural Health Monitoring 
TSLJs Three Step Lap Joints 
DEM Discrete Element Method 
DCB Double Cantilever Beam 
ENF End Notch Flexure 
SIF Stress Intensity Factor 
GI Strain Energy Release Rate 
LEFM Linear Elastic Fracture Mechanics 
XFEM Extended Finite Element Method 
TSL Traction Separation Law 
VCCT Virtual Crack Closure Technique 

 
References 
[1] A. F. Hassan, A. M. Abood, H. I. Khalaf, W. Farouq, Haider 

Khazal “A review of functionally graded materials including their 
manufacture and applications,” International Journal of 
Mechanical Engineering, vol. 7, no. 1, 2022. 

[2] S. Das, “Life cycle assessment of carbon fiber-reinforced polymer 
composites,” The International Journal of Life Cycle Assessment, 
vol. 16, no. 3, pp. 268-282, 2011. 
https://doi.org/10.1007/s11367-011-0264-z 

[3] L. Cheah, “Cars on a diet: the material and energy impacts of 
passenger vehicle weight reduction in the U.S.,” 2010. 
https://api.semanticscholar.org/CorpusID:109745678 

[4] S. Teixeira de Freitas, M. D. Banea, S. Budhe, and S. de Barros, 
"Interface adhesion assessment of composite-to-metal bonded 
joints under salt spray conditions using peel tests," Composite 
Structures, vol. 164, pp. 68-75, 2017. 
https://doi.org/10.1016/j.compstruct.2016.12.058 

[5] Y. Wei, X. Jin, Q. Luo, Q. Li, and G. Sun, "Adhesively bonded 
joints – A review on design, manufacturing, experiments, 
modeling and challenges," Composites Part B, vol. 276, no. 
111225, pp. 1-14, 2024. 
https://doi.org/10.1016/j.compositesb.2024.111225 

[6] N. Carrere, E. Martin, and D. Leguillon, "Comparison between 
models based on a coupled criterion for the prediction of the 
failure of adhesively bonded joints," Engineering Fracture 
Mechanics, vol. 147, pp. 243-259, 2015. 
https://doi.org/10.1016/j.engfracmech.2015.03.004 

[7] Q. Luo and L. Tong, "Solutions for Clamped Adhesively Bonded 
Single Lap Joint with Movement of Support End and Its 
Application to a Carbon Nanotube Junction in Tension," The 
Journal of Adhesion, vol. 92, no. 5, pp. 349-379, 2015. 
https://doi.org/10.1080/00218464.2015.1035781 

[8] M. D. Banea and L. F. M. Da Silva, “Adhesively bonded joints in 
composite materials: An overview,” Proceedings of the 
Institution of Mechanical Engineers Part L Journal of Materials 
Design and Applications, vol. 223, no. 1, pp. 1-18, 2008. 
https://doi.org/10.1243/14644207JMDA219 

[9] S. Budhe, M. D. Banea, S. de Barros, and L. F. M. da Silva, "An 
updated review of adhesively bonded joints in composite 
materials," International Journal of Adhesion and Adhesives, vol. 
72, pp. 30-42, 2017. 
https://doi.org/10.1016/j.ijadhadh.2016.10.010 

[10] D. Kutscha, "Mechanics of Adhesive Bonded Lap-Type Joints: 
Survey and Review," Air Force Materials Laboratory Technical 
Report, No. ML-TDR-64-298, 1964. 
https://apps.dtic.mil/sti/tr/pdf/ADA394410.pdf 

https://doi.org/10.1007/s11367-011-0264-z
https://api.semanticscholar.org/CorpusID:109745678
https://doi.org/10.1016/j.compstruct.2016.12.058
https://doi.org/10.1016/j.compositesb.2024.111225
https://doi.org/10.1016/j.engfracmech.2015.03.004
https://doi.org/10.1080/00218464.2015.1035781
https://doi.org/10.1243/14644207JMDA219
https://doi.org/10.1016/j.ijadhadh.2016.10.010
https://apps.dtic.mil/sti/tr/pdf/ADA394410.pdf


143         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[11] M. M. Murphy and E. M. Lenoe, "Stress Analysis of Structural 
Joints and Interfaces - A Selective Annotated Bibliography," 
Army Materials and Mechanics Research Center, Tech. Rep. 
AMMRC MS 74-10, 1974. 
https://apps.dtic.mil/sti/tr/pdf/AD0786520.pdf 

[12] F. L. Matthews, P. F. Kilty, and E. W. Godwin, "A review of the 
strength of joints in fibre-reinforced plastics. Part 2. Adhesively 
bonded joints," Composites, vol. 13, no. 1, pp. 29-37, 1982. 
https://doi.org/10.1016/0010-4361(82)90168-9 

[13] C. C. H. Guyott, P. Cawley, and R. D. Adams, "The Non-
destructive Testing of Adhesively Bonded Structure: A Review," 
The Journal of Adhesion, vol. 20, no. 2, pp. 129-159, 1986. 
https://doi.org/10.1080/00218468608074943 

[14] R. D. Adams and P. Cawley, "A Review of Defect Types and 
Nondestructive Testing Techniques for Composite and Bonded 
Joints," NDT International, vol. 21, no.4, pp. 208-220, 1988. 
https://doi.org/10.1016/0308-9126(88)90333-1 

[15] T. Satoh, Y. Miyazaki, Y. Suzukawa, and K. Nakazato, "On the 
development of structural adhesive technology for the automotive 
body in Japan," JSAE Review, vol. 17, no. 2, pp. 165-178, 1996. 
https://doi.org/10.1016/0389-4304(96)00008-2 

[16] K. W. Allen, "A review of some basics of adhesion over the past 
four decades," International Journal of Adhesion & Adhesives, 
vol. 23, no. 2, pp. 87-93, 2003. 
https://doi.org/10.1016/S0143-7496(02)00054-4 

[17] X. He, "A review of finite element analysis of adhesively bonded 
joints," International Journal of Adhesion & Adhesives, vol. 31, 
no. 3, pp. 248–264, 2011. 
https://doi.org/10.1016/j.ijadhadh.2011.01.006 

[18] K. B. Katnam, L. F. M. Da Silva, and T. M. Young, "Bonded 
repair of composite aircraft structures: A review of scientific 
challenges and opportunities," Progress in Aerospace Sciences, 
vol. 61, pp. 26–42, 2013. 
https://doi.org/10.1016/j.paerosci.2013.03.003 

[19] R. A. Pethrick, "Design and ageing of adhesives for structural 
adhesive bonding – A review," Proc IMechE Part L: J Materials: 
Design and Applications, vol. 228, no. 3, pp. 1-31, 2014. 
https://doi.org/10.1177/1464420714522981 

[20] M. Heshmati, R. Haghani, and M. Al-Emrani, "Environmental 
Durability of Adhesively Bonded FRP/Steel Joints in Civil 
Engineering Applications: State of the Art," Composites Part B, 
vol. 76, pp. 318–330, 2015. 
https://doi.org/10.1016/j.compositesb.2015.07.014 

[21] J. J. M. Machado, E. A. S. Marques, and L. F. M. da Silva, 
"Adhesives and adhesive joints under impact loadings: An 
Overview," The Journal of Adhesion, vol. 94, Issue 6, 2018. 
https://doi.org/10.1080/00218464.2017.1282349 

[22] G. Jeevi, S. K. Nayak, and M. A. Kader, "Review on adhesive 
joints and their application in hybrid composite structures," 
Journal of Adhesion Science and Technology, vol. 33, Issue 14, 
2019. https://doi.org/10.1080/01694243.2018.1543528 

[23] X. Shang, E. A. S. Marques, J. J. M. Machado, R. J. C. Carbas, 
D. Jiang, L. F. M. da Silva, "Review on techniques to improve the 
strength of adhesive joints with composite adherends," 
Composites Part B: Engineering, vol. 177, p. 107363, 2019. 
https://doi.org/10.1016/j.compositesb.2019.107363 

[24] A. Gursel and H. M. Cekirge, "Adhesive Joints Subjected to 
Impact Loading: A Review," International Journal of Materials 
Engineering, vol. 9, no. 1, pp. 16–21, 2019. 
https://api.semanticscholar.org/CorpusID:146609927 

[25] L. D. C. Ramalho, R. D. S. G. Campilho, J. Belinha, and L. F. 
M. da Silva, "Static strength prediction of adhesive joints: a 
review," International Journal of Adhesion and Adhesives, vol. 
96, p. 102451, 2019. 
https://doi.org/10.1016/j.ijadhadh.2019.102451 

[26] F. M. G. Ramírez, M. F. S. F. de Moura, R. D. F. Moreira, and 
F. G. A. Silva, "A review on the environmental degradation 
effects on fatigue behaviour of adhesively bonded joints," Fatigue 
& Fracture of Engineering Materials & Structure, vol. 43, Issue 
7, pp. 1307-1326, 2020. https://doi.org/10.1111/ffe.13239 

 
 

[27] M. D. Bukhari, G. A. Gohar, A. Akhtar, S. Ullah, M. Akram, J. 
Abid, H. Raza, "Adhesion Theories and Effect of Surface 
Roughness on Energy Estimation and Wettability of Polymeric 
Composites Bonded Joints: A-Review," VW Applied Sciences, 
vol. 2, no. 1, pp. 74-86, 2020. 
https://api.semanticscholar.org/CorpusID:218888222 

[28] J. Abid, H. Raza, A. Akhtar, G. A. Gohar, S. Ullah, M. Akram, 
Y. Raza, and M. D. Bukhari, "Effect of Surface Roughness on 
Shear Strength of Bonded Joints of Aluminum AL 6061 T6 
Substrate," VW Applied Sciences, vol. 2, no. 2, pp. 87-91, 2020. 
https://api.semanticscholar.org/CorpusID:219852363 

[29] A. C. Marques et al., "Review on Adhesives and Surface 
Treatments for Structural Applications: Recent Developments on 
Sustainability and Implementation for Metal and Composite 
Substrates," Materials, vol. 13, Issue 24, pp. 1-43, 2020. 
https://doi.org/10.3390/ma13245590 

[30] A. Y. Kanani, S. Green, X. Hou, and J. Ye, "Hybrid and 
adhesively bonded joints with dissimilar adherends: a critical 
review," Journal of Adhesion Science and Technology, vol. 35, 
Issue 17, 2020. 
https://doi.org/10.1080/01694243.2020.1861859 

[31] J. Kupski and S. Teixeira de Freitas, "Design of adhesively 
bonded lap joints with laminated CFRP adherends: Review, 
challenges and new opportunities for aerospace structures," 
Composite Structures, vol. 268, p. 113923, 2021. 
https://doi.org/10.1016/j.compstruct.2021.113923 

[32] S. Omairey, N. Jayasree, and M. Kazilas, "Defects and 
uncertainties of adhesively bonded composite joints," SN Applied 
Sciences, vol. 3, p. 769, 2021. 
https://doi.org/10.1007/s42452-021-04753-8 

[33] W. Wang, S. T. De Freitas, J. A. Poulis, D. Zarouchas, "A review 
of experimental and theoretical fracture characterization of bi-
material bonded joints," Composites Part B: Engineering, vol. 
206, 2021. 
https://doi.org/10.1016/j.compositesb.2020.108537 

[34] S. Maggiore, M. D. Banea, P. Stagnaro, and G. Luciano, "A 
Review of Structural Adhesive Joints in Hybrid Joining 
Processes," Polymers, vol. 13, no. 22, p. 3961, 2021. 
https://doi.org/10.3390/polym13223961 

[35] F. Delzendehrooy, E. A. S. Marques, A. Akhavan-Safar, L. F. M. 
da Silva, A. Q. Barbosa, R. Beygi, D. Cardoso, and R. J. C. 
Carbas, "A comprehensive review on structural joining 
techniques in the marine industry," Composite Structures, vol. 
289, p. 115490, 2022. 
https://doi.org/10.1016/j.compstruct.2022.115490 

[36] A. Akhavan-Safar, F. Ramezani, F. Delzendehrooy, M. R. 
Ayatollahi, and L. F. M. da Silva, "A review on bi-adhesive 
joints: Benefits and challenges," International Journal of 
Adhesion and Adhesives, vol. 114, 2022. 
https://doi.org/10.1016/j.ijadhadh.2022.103098 

[37] Ch. R. Desai, D. C. Patel, and Ch. K. Desai, "Investigations of 
joint strength & fracture parameter of adhesive joint: A review," 
Materials Today: Proceedings, 2023. 
https://doi.org/10.1016/j.matpr.2023.04.026 

[38] R. Dallaev, "Advances in Materials with Self-Healing 
Properties: A Brief Review," Materials, vol. 17, Issue 10, p. 2464, 
2024. https://doi.org/10.3390/ma17102464 

[39] C. Yao, Y. Xia, Z. Yang, Z. Zhu, Z. Li, and H. Jiang, "Fatigue 
failure of soft adhesive systems: A state-of-the-art review," Giant, 
vol. 19, p. 100292, 2024. 
https://doi.org/10.1016/j.giant.2024.100292 

[40] “A review of: ‘Adhesion 8, edited by K. W. Allen, Elsevier 
Applied Science Publishers, London and New York, 1984, 214 
pp. The Journal of Adhesion, vol. 19, no. 2, pp. 177–178, 1986. 
https://doi.org/10.1080/00218468608071220 

[41] M. D. Banea, "Debonding of Structural Adhesive Joints," in 
Structural Adhesive Joints: Advances and Applications, K. L. 
Mittal and S. K. Panigrahi, Eds. Hoboken, NJ, USA: Wiley, 2020. 
https://doi.org/10.1002/9781119749882.ch2 

[42] S. Correia, "Mechanical behaviour evaluation of adhesively 
bonded joints of aircraft structures," Engineering, Materials 
Science, 2016. 
https://api.semanticscholar.org/CorpusID:201799075 

https://apps.dtic.mil/sti/tr/pdf/AD0786520.pdf
https://doi.org/10.1016/0010-4361(82)90168-9
https://doi.org/10.1080/00218468608074943
https://doi.org/10.1016/0308-9126(88)90333-1
https://doi.org/10.1016/0389-4304(96)00008-2
https://doi.org/10.1016/S0143-7496(02)00054-4
https://doi.org/10.1016/j.ijadhadh.2011.01.006
https://doi.org/10.1016/j.paerosci.2013.03.003
https://doi.org/10.1177/1464420714522981
https://doi.org/10.1016/j.compositesb.2015.07.014
https://doi.org/10.1080/00218464.2017.1282349
https://doi.org/10.1080/01694243.2018.1543528
https://doi.org/10.1016/j.compositesb.2019.107363
https://api.semanticscholar.org/CorpusID:146609927
https://doi.org/10.1016/j.ijadhadh.2019.102451
https://doi.org/10.1111/ffe.13239
https://api.semanticscholar.org/CorpusID:218888222
https://api.semanticscholar.org/CorpusID:219852363
https://doi.org/10.3390/ma13245590
https://doi.org/10.1080/01694243.2020.1861859
https://doi.org/10.1016/j.compstruct.2021.113923
https://doi.org/10.1007/s42452-021-04753-8
https://doi.org/10.1016/j.compositesb.2020.108537
https://doi.org/10.3390/polym13223961
https://doi.org/10.1016/j.compstruct.2022.115490
https://doi.org/10.1016/j.ijadhadh.2022.103098
https://doi.org/10.1016/j.matpr.2023.04.026
https://doi.org/10.3390/ma17102464
https://doi.org/10.1016/j.giant.2024.100292
https://doi.org/10.1080/00218468608071220
https://doi.org/10.1002/9781119749882.ch2
https://api.semanticscholar.org/CorpusID:201799075


144         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[43] K. W. Allen, A. R. Hutchinson, and A. Pagliuca, "A study of the 
curing of sealants used in building construction," Int. J. Adhesion 
Adhesives, vol. 14, no. 2, pp. 117-122, 1994. 
https://doi.org/10.1016/0143-7496(94)90006-X 

[44] A. I. M. Foletti, J. S. Cruz, A. P. Vassilopoulos, "Fabrication and 
curing conditions effects on the fatigue behavior of a structural 
adhesive, " International Journal of Fatigue, vol. 139, 2020. 
https://doi.org/10.1016/j.ijfatigue.2020.105743 

[45] K. Liu, and Z. Tian, "Advances in phase-change materials," 
Journal of Applied Physics, vol. 130, no. 7, p. 070401, 2021. 
https://doi.org/10.1063/5.0064189 

[46] M. Davis and D. Bond, “Principles and practices of adhesive 
bonded structural joints and repairs,” International Journal of 
Adhesion and Adhesives, vol. 19, no. 2–3, pp. 91–105, 1999. 
https://doi.org/10.1016/S0143-7496(98)00026-8 

[47] A. Rudawska, Surface Treatment in Bonding Technology, 
Academic Press, 2019. ISBN: 978-0-12-817010-6. 
https://doi.org/10.1016/C2018-0-01281-5 

[48] N. Winterton, “The green solvent: a critical perspective,” Clean 
Technologies and Environmental Policy, vol. 23, pp. 2499-2522, 
2021. https://doi.org/10.1007/s10098-021-02188-8 

[49] I. H. Ifijen, M. Maliki, I. J. Odiachi, O. N. Aghedo, and E. B. 
Ohiocheoya, “Review on Solvents Based Alkyd Resins and 
Water Borne Alkyd Resins: Impacts of Modification on Their 
Coating Properties,” Chemistry Africa, vol. 5, no. 2, pp. 211–225, 
2022. https://doi.org/10.1007/s42250-022-00318-3 

[50] L. F. M. Da Silva, A. Öchsner, and R. D. Adams, Handbook of 
Adhesion Technology. Springer Science & Business Media, 
2011. ISBN 978-3-642-01168-9. 

[51] J. W. McBain and D. G. Hopkins, “On Adhesives and Adhesive 
Action,” Journal of Physical Chemistry, vol. 29, no. 2, pp. 188–
204, 1925. https://doi.org/10.1021/j150248a008 

[52] A. Yudhanto, M. Alfano, and G. Lubineau, “Surface preparation 
strategies in secondary bonded thermoset-based composite 
materials: A review,” Composites Part A: Applied Science and 
Manufacturing, vol. 147, p. 106443, 2021. 
https://doi.org/10.1016/j.compositesa.2021.106443 

[53] M. C. van der Leeden and G. Frens, "Surface Properties of Plastic 
Materials in Relation to Their Adhering Performance," Advanced 
Engineering Materials, vol. 4, no. 5, pp. 280–289, 2002. 
https://doi.org/10.1002/1527-2648(20020503)4:5%3C280 

[54] G. Fourche, “An overview of the basic aspects of polymer 
adhesion. Part I: Fundamentals,” Polymer Engineering and 
Science, vol. 35, no. 12, pp. 957–967, 1995. 
https://doi.org/10.1002/pen.760351202 

[55] L. H. Lee. Adhesive bonding. Plenum Press, New York. 1991. 
ISBN: 978-1-4757-9008-5. 

[56] H. Li, H. Liu, S. Li, Q. Zhao, and X. Qin, “Influence of high 
pulse fluence infrared laser surface pretreatment parameters on 
the mechanical properties of CFRP/aluminium alloy adhesive 
joints,” The Journal of Adhesion, vol. 99, no. 4, pp. 584-605, 
2022. https://doi.org/10.1080/00218464.2022.2027242 

[57] G. Kumar and K. Ramani, “Characterization of Wood-
Polypropylene Composite Sandwich System,” Journal of 
Composite Materials, vol. 34, no. 18, pp. 1582–1599, 2000. 
https://doi.org/10.1106/DGVK-CV81-D9DR-G6WF 

[58] S. G. Abbott, “Control of the bonding process in a medium 
technology industry,” International Journal of Adhesion and 
Adhesives, vol. 5, no. 1, pp. 7–11, 1985. 
https://doi.org/10.1016/0143-7496(85)90039-9 

[59] M. Kazayawoko, J. J. Balatinecz, and L. M. Matuana, “Surface 
modification and adhesion mechanisms in wood fiber-
polypropylene composites,” Journal of Materials Science, vol. 34, 
no. 24, pp. 6189–6199, 1999. 
https://doi.org/10.1023/A:1004790409158 

[60] D. E. Packham, “Work of adhesion: contact angles and contact 
mechanics,” International Journal of Adhesion and Adhesives, 
vol. 16, no. 2, pp. 121–128, 1996. 
https://doi.org/10.1016/0143-7496(95)00034-8 

 
 
 

[61] R. W. Messler and S. Genc, “Integral Micro-Mechanical 
Interlock (IMMI) Joints for Polymer-Matrix Composite 
Structures,” Journal of Thermoplastic Composite Materials, vol. 
11, no. 3, pp. 200–215, 1998. 
https://doi.org/10.1177/089270579801100301 

[62] E. Maeva, I. Severina, S. Bondarenko, G. Chapman, B. O'Neill, 
F. Severin, and R. Gr. Maev, “Acoustical methods for the 
investigation of adhesively bonded structures: A review,” 
Canadian Journal of Physics, vol. 82, Issue 12, pp. 981–1025, 
2004. https://doi.org/10.1139/p04-056 

[63] S. S. Voyutskii and V. L. Vakula, “The role of diffusion 
phenomena in polymer-to-polymer adhesion,” Journal of Applied 
Polymer Science, vol. 7, no. 2, pp. 475–491, 1963. 
https://doi.org/10.1002/app.1963.070070207 

[64] M. A. Butt, A. Chughtai, J. Ahmad, R. Ahmad, U. Majeed, and 
I. H. Khan, “Theory of Adhesion and its Practical Implications: 
A Critical Review,” Journal of Faculty of Engineering & 
Technology, vol 15, no 1, 2008. 
http://111.68.103.26/journals/index.php/jfet/issue/view/1 

[65] B. V. Derjaguin and V. P. Smilga, “Electronic Theory of 
Adhesion,” Journal of Applied Physics, vol. 38, no. 12, pp. 4609–
4616, 1967. https://doi.org/10.1063/1.1709192 

[66] S. Yang, L. Gu, and R. F. Gibson, “Nondestructive detection of 
weak joints in adhesively bonded composite structures,” 
Composite Structures, vol. 51, no. 1, pp. 63–71, 2001. 
https://doi.org/10.1016/S0263-8223(00)00125-2 

[67] L.-H. Lee, “New perspectives in polymer adhesion mechanisms-
-importance of diffusion and molecular bonding in adhesion,” 
SPIE's 1993 International Symposium on Optics, Imaging, and 
Instrumentation, 1993, San Diego, CA, United States, Adhesives 
Engineering, vol. 1999, 1993. https://doi.org/10.1117/12.158592 

[68] A. Pizzi and K. L. Mittal, Handbook of Adhesive Technology, 
Third Edition, 2017. https://doi.org/10.1201/9781315120942 

[69] L. H. Sharpe and H. Schonhorn, “Surface Energetics, Adhesion, 
and Adhesive Joints,” in Advances in chemistry series, vol. 43, 
pp. 189–201, 1964. ISBN13: 9780841200449. 
https://doi.org/10.1021/ba-1964-0043.ch012 

[70] G. Bahlakeh and B. Ramezanzadeh, “A Detailed Molecular 
Dynamics Simulation and Experimental Investigation on the 
Interfacial Bonding Mechanism of an Epoxy Adhesive on Carbon 
Steel Sheets Decorated with a Novel Cerium–Lanthanum 
Nanofilm,” ACS Applied Materials & Interfaces, vol. 9, no. 20, 
pp. 17536–17551, 2017. 
https://pubs.acs.org/doi/10.1021/acsami.7b00644 

[71] W. A. Zisman, "In Adhesion science and technology," in 
Adhesion Science and Technology, L. H. Lee, Ed. New York, 
NY, USA: Plenum Press, vol. A, p. 55, 1975. 

[72] K. L. Mittal, "In Adhesion science and technology," in Adhesion 
Science and Technology, L. H. Lee, Ed. New York, NY, USA: 
Plenum Press, vol. A, p. 129, 1975. 

[73] A. Goldschmidt and H.-J. Streitberger, BASF Handbook on 
Basics of Coating Technology. William Andrew, 2003. 
https://books.google.iq/books?id=1kk10OIkUNUC 

[74] G. M. F. Ramalho, A. M. Lopes, and L. F. M. Silva, “Structural 
health monitoring of adhesive joints using Lamb waves: A 
review,” Structural Control and Health Monitoring, vol. 29, no. 
1, 2021. https://doi.org/10.1002/stc.2849 

[75] R. D. Adams and W. C. Wake, Structural Adhesive Joints in 
Engineering, vol. 15 (Elsevier, New York), 1984. ISBN978-94-
010-8977-7. https://doi.org/10.1007/978-94-009-5616-2 

[76] C. C. Chamis, P. L. N. Murthy, “Simplified Procedures for 
Designing Adhesively Bonded Composite Joints,” Journal of 
Reinforced Plastics and Composites, vol. 10, Issue 1, 1991. 
https://doi.org/10.1177/073168449101000102 

[77] A. Calik, “Effect of adherend shape on stress concentration 
reduction of adhesively single lap joint,” Engineering Review, 
vol. 36, no. 1, pp. 29–34, 2016. 
https://engineeringreview.org/index.php/ER/article/view/557 

[78] S. Akpinar, “The strength of the adhesively bonded step-lap 
joints for different step numbers,” Composites Part B: 
Engineering, vol. 67, pp. 170–178, 2014. 
https://doi.org/10.1016/j.compositesb.2014.06.023 

https://doi.org/10.1016/0143-7496(94)90006-X
https://doi.org/10.1016/j.ijfatigue.2020.105743
https://doi.org/10.1063/5.0064189
https://doi.org/10.1016/S0143-7496(98)00026-8
https://doi.org/10.1016/C2018-0-01281-5
https://doi.org/10.1007/s10098-021-02188-8
https://doi.org/10.1007/s42250-022-00318-3
https://doi.org/10.1021/j150248a008
https://doi.org/10.1016/j.compositesa.2021.106443
https://doi.org/10.1002/1527-2648(20020503)4:5%3C280
https://doi.org/10.1002/pen.760351202
https://doi.org/10.1080/00218464.2022.2027242
https://doi.org/10.1106/DGVK-CV81-D9DR-G6WF
https://doi.org/10.1016/0143-7496(85)90039-9
https://doi.org/10.1023/A:1004790409158
https://doi.org/10.1016/0143-7496(95)00034-8
https://doi.org/10.1177/089270579801100301
https://doi.org/10.1139/p04-056
https://doi.org/10.1002/app.1963.070070207
http://111.68.103.26/journals/index.php/jfet/issue/view/1
https://doi.org/10.1063/1.1709192
https://doi.org/10.1016/S0263-8223(00)00125-2
https://doi.org/10.1117/12.158592
https://doi.org/10.1201/9781315120942
https://doi.org/10.1021/ba-1964-0043.ch012
https://pubs.acs.org/doi/10.1021/acsami.7b00644
https://books.google.iq/books?id=1kk10OIkUNUC
https://doi.org/10.1002/stc.2849
https://doi.org/10.1007/978-94-009-5616-2
https://doi.org/10.1177/073168449101000102
https://engineeringreview.org/index.php/ER/article/view/557
https://doi.org/10.1016/j.compositesb.2014.06.023


145         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[79] M. Durmuş and S. Akpinar, “The experimental and numerical 
analysis of the adhesively bonded three-step-lap joints with 
different step lengths,” Theoretical and Applied Fracture 
Mechanics, vol. 105, p. 102427, 2019. 
https://doi.org/10.1016/j.tafmec.2019.102427 

[80] K. Ichikawa, Y. Shin, and T. Sawa, “A three-dimensional finite-
element stress analysis and strength evaluation of stepped-lap 
adhesive joints subjected to static tensile loadings,” International 
Journal of Adhesion and Adhesives, vol. 28, no. 8, pp. 464–470, 
2008. https://doi.org/10.1016/j.ijadhadh.2008.04.011 

[81] T. Sawa, K. Ichikawa, Y. Shin, and T. Kobayashi, “A three-
dimensional finite element stress analysis and strength prediction 
of stepped-lap adhesive joints of dissimilar adherends subjected 
to bending moments,” International Journal of Adhesion and 
Adhesives, vol. 30, no. 5, pp. 298–305, 2010. 
https://doi.org/10.1016/j.ijadhadh.2010.01.006 

[82] D. W. Adkins and R. B. Pipes, “End effects in scarf joints,” 
Composites Science and Technology, vol. 22, no. 3, pp. 209–221, 
1985. https://doi.org/10.1016/0266-3538(85)90034-X 

[83] A. Y. Kanani, X. Hou, R. Laidlaw, and J. Ye, "The effect of joint 
configuration on the strength and stress distributions of dissimilar 
adhesively bonded joints," Engineering Structures, vol. 226, p. 
111322, 2021. https://doi.org/10.1016/j.engstruct.2020.111322 

[84] L. Sun, Y. Tie, Y. Hou, X. Lu, and C. Li, “Prediction of failure 
behavior of adhesively bonded CFRP scarf joints using a cohesive 
zone model,” Engineering Fracture Mechanics, vol. 228, p. 
106897, 2020. 
https://doi.org/10.1016/j.engfracmech.2020.106897 

[85] F. Nakagawa and T. Sawa, “Photoelastic thermal stress 
measurements in scarf adhesive joints under uniform temperature 
changes,” Journal of Adhesion Science and Technology, vol. 15, 
no. 1, pp. 119–135, 2001. 
https://doi.org/10.1163/156856101743355 

[86] L. F. M. Da Silva and R. D. Adams, “The strength of adhesively 
bonded T-joints,” International Journal of Adhesion and 
Adhesives, vol. 22, no. 4, pp. 311–315, 2002. 
https://doi.org/10.1016/S0143-7496(02)00009-X 

[87] M. K. K. Apalak, “Non-Linear Thermal Stresses in Adhesive 
Joints,” In: da Silva, L.F.M., Öchsner, A. (eds) Modeling of 
Adhesively Bonded Joints. Springer, Berlin, Heidelberg, pp. 243–
277, 2008. ISBN978-3-540-79056-3 
https://doi.org/10.1007/978-3-540-79056-3_9 

[88] M. K. Apalak, Z. G. Apalak, and R. Gunes, “Thermal non-linear 
elastic stress analysis of an adhesively bonded T-joint,” Journal 
of Adhesion Science and Technology, vol. 17, no. 7, pp. 995–
1016, 2003. https://doi.org/10.1163/156856103322112897 

[89] V. Marcadon, Y. Nadot, A. Roy, and J. L. Gacougnolle, “Fatigue 
behaviour of T-joints for marine applications,” International 
Journal of Adhesion and Adhesives, vol. 26, no. 7, pp. 481–489, 
2005. https://doi.org/10.1016/j.ijadhadh.2005.07.002 

[90] M. K. Apalak and R. Davies, “Analysis and design of adhesively 
bonded corner joints,” International Journal of Adhesion and 
Adhesives, vol. 13, no. 4, pp. 219–235, 1993. 
https://doi.org/10.1016/0143-7496(93)90025-5 

[91] S. Feih and H. R. Shercliff, “Adhesive and composite failure 
prediction of single-L joint structures under tensile loading,” 
International Journal of Adhesion and Adhesives, vol. 25, no. 1, 
pp. 47–59, 2005. https://doi.org/10.1016/j.ijadhadh.2004.02.005 

[92] N. Hu, L. Shu, X. Zheng, Z. Deng, and X. Cang, “A review of 
modification methods, joints and self-healing methods of 
adhesive for aerospace,” Science Progress, vol. 107, no. 2, 2024. 
https://doi.org/10.1177/00368504241242271 

[93] F. Ramezani, Ayatollahi, A. Akhavan-Safar, and L. F. M. Da 
Silva, “A comprehensive experimental study on bi-adhesive 
single lap joints using DIC technique,” International Journal of 
Adhesion and Adhesives, vol. 102, p. 102674, 2020. 
https://doi.org/10.1016/j.ijadhadh.2020.102674 

[94] D. Zhang and Y. Huang, “Influence of surface roughness and 
bondline thickness on the bonding performance of epoxy 
adhesive joints on mild steel substrates,” Progress in Organic 
Coatings, vol. 153, p. 106135, 2021. 
https://doi.org/10.1016/j.porgcoat.2021.106135 

[95] J. Zhao, J. Fang, Y. Yang, S. Zhang, and H. Biscaia, 
“Experimental study on mixed mode-I & II bond behavior of 
CFRP-to-steel joints with a ductile adhesive,” Thin-Walled 
Structures, vol. 184, p. 110532, 2023. 
https://doi.org/10.1016/j.tws.2023.110532 

[96] S. Akpinar, İ. Hacısalihoglu, and A. Çalık, “The effect of 
geometry on joint strength in adhesively bonded joints with the 
same adhesive area,” Mechanics of Advanced Materials and 
Structures, pp. 1–13, 2023. 
https://doi.org/10.1080/15376494.2022.2162641 

[97] P. Kovács, B. Körömi, Z. Weltsch, and M. Berczeli, 
“Investigation of the Tensile Strength of Adhesive-Bonded Steels 
Using Surface Treatments,” Materials, vol. 16, no. 24, p. 7663, 
2023. https://doi.org/10.3390/ma16247663 

[98] G. Qin et al., “Influence of single or multi-factor coupling of 
temperature, humidity and load on the aging failure of adhesively 
bonded CFRP / aluminum alloy composite joints for automobile 
applications,” International Journal of Adhesion and Adhesives, 
vol. 123, p. 103345, 2023. 
https://doi.org/10.1016/j.ijadhadh.2023.103345 

[99] H. Sonwani, M. Ramji, and S. Sidhardh, “Modeling of 
adhesively bonded single scarf CFRP joint behavior using 
energy-based approach,” Composite Structures, vol. 314, 2023. 
https://doi.org/10.1016/j.compstruct.2023.116950 

[100] C. Yanen and M. Y. Solmaz, “Effect of different joint angles 
on the mechanical strength of adhesive-bonded scarf and double 
butt–lap joints,” Materials Testing, vol. 64, no. 5, pp. 726–735, 
2022. https://doi.org/10.1515/mt-2021-2054 

[101] H. C. Biscaia, R. Micaelo, P. Cornetti, and R. Almeida, 
“Numerical bond assessment of carbon-epoxy stepped-lap 
joints,” Engineering Fracture Mechanics, vol. 289, p. 109413, 
2023. https://doi.org/10.1016/j.engfracmech.2023.109413 

[102] R. Brito, R. Campilho, R. Moreira, and I. Sánchez-Arce, 
“Material and adhesive effect in adhesively-bonded composite 
stepped-lap joints,” Proceedings of the Institution of Mechanical 
Engineers Part G Journal of Aerospace Engineering, vol. 234, no. 
13, pp. 1967–1979, 2020. 
https://doi.org/10.1177/0954410020932014 

[103] J. J. M. Machado, P. m-R. Gamarra, E. A. S. Marques, and L. 
F. M. Da Silva, “Numerical study of the behaviour of composite 
mixed adhesive joints under impact strength for the automotive 
industry,” Composite Structures, vol. 185, pp. 373–380, 2018. 
https://doi.org/10.1016/j.compstruct.2017.11.045 

[104] Z. Jia, J. Yu, Q. Liu, S. Yu, and Z. Wang, “Functionally graded 
adhesive joints with exceptional strength and toughness by 
graphene nanoplatelets reinforced epoxy adhesives,” 
International Journal of Adhesion and Adhesives, vol. 125, p. 
103402, 2023. https://doi.org/10.1016/j.ijadhadh.2023.103402 

[105] J. Guo et al., “A review on failure mechanism and mechanical 
performance improvement of FRP-metal adhesive joints under 
different temperature-humidity,” Thin-Walled Structures, vol. 
188, p. 110788, 2023. https://doi.org/10.1016/j.tws.2023.110788 

[106] C. Li, L. Ke, J. He, Z. Chen, and Y. Jiao, “Effects of mechanical 
properties of adhesive and CFRP on the bond behavior in CFRP-
strengthened steel structures,” Composite Structures, vol. 211, 
pp. 163–174, 2018. 
https://doi.org/10.1016/j.compstruct.2018.12.020 

[107] R. Brandão et al., “The influence of humidity and immersion 
temperature on the properties and failure mode of PBT-
GF30/silicone bonded joints,” Composite Structures, vol. 289, p. 
115421, 2022. https://doi.org/10.1016/j.compstruct.2022.115421 

[108] X. Wei, H.-S. Shen, and H. Wang, “Fracture failure prediction 
for composite adhesively bonded double lap joints by an 
experiment-based approach,” International Journal of Adhesion 
and Adhesives, vol. 114, p. 103110, 2022. 
https://doi.org/10.1016/j.ijadhadh.2022.103110 

[109] B. Paygozar, M. D. Banea, M. A. S. Sadigh, et al. “Adhesively 
bonded aluminium double-strap joints: effects of patch part on 
failure load,” Journal of the Brazilian Society of Mechanical 
Sciences and Engineering, vol. 42, p. 589, 2020. 
https://doi.org/10.1007/s40430-020-02679-7 

 

https://doi.org/10.1016/j.tafmec.2019.102427
https://doi.org/10.1016/j.ijadhadh.2008.04.011
https://doi.org/10.1016/j.ijadhadh.2010.01.006
https://doi.org/10.1016/0266-3538(85)90034-X
https://doi.org/10.1016/j.engstruct.2020.111322
https://doi.org/10.1016/j.engfracmech.2020.106897
https://doi.org/10.1163/156856101743355
https://doi.org/10.1016/S0143-7496(02)00009-X
https://doi.org/10.1007/978-3-540-79056-3_9
https://doi.org/10.1163/156856103322112897
https://doi.org/10.1016/j.ijadhadh.2005.07.002
https://doi.org/10.1016/0143-7496(93)90025-5
https://doi.org/10.1016/j.ijadhadh.2004.02.005
https://doi.org/10.1177/00368504241242271
https://doi.org/10.1016/j.ijadhadh.2020.102674
https://doi.org/10.1016/j.porgcoat.2021.106135
https://doi.org/10.1016/j.tws.2023.110532
https://doi.org/10.1080/15376494.2022.2162641
https://doi.org/10.3390/ma16247663
https://doi.org/10.1016/j.ijadhadh.2023.103345
https://doi.org/10.1016/j.compstruct.2023.116950
https://doi.org/10.1515/mt-2021-2054
https://doi.org/10.1016/j.engfracmech.2023.109413
https://doi.org/10.1177/0954410020932014
https://doi.org/10.1016/j.compstruct.2017.11.045
https://doi.org/10.1016/j.ijadhadh.2023.103402
https://doi.org/10.1016/j.tws.2023.110788
https://doi.org/10.1016/j.compstruct.2018.12.020
https://doi.org/10.1016/j.compstruct.2022.115421
https://doi.org/10.1016/j.ijadhadh.2022.103110
https://doi.org/10.1007/s40430-020-02679-7


146         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[110] X.-E. Wang, A. Y. Kanani, Z. Gu, J. Yang, J. Ye, and X. Hou, 
“Investigation on the transitional micromechanical response of 
hybrid composite adhesive joints by a novel adaptive DEM 
model,” Theoretical and Applied Fracture Mechanics, vol. 124, 
p. 103760, 2023. https://doi.org/10.1016/j.tafmec.2023.103760 

[111] S.-C. Her and C.-F. Chan, “Interfacial Stress Analysis of 
Adhesively Bonded Lap Joint,” Materials, vol. 12, no. 15, p. 
2403, 2019. https://doi.org/10.3390/ma12152403 

[112] K. Leena, K. K. Athira, S. Bhuvaneswari, S. Suraj, and V. L. 
Rao, “Effect of surface pre-treatment on surface characteristics 
and adhesive bond strength of aluminium alloy,” International 
Journal of Adhesion and Adhesives, vol. 70, pp. 265–270, 2016. 
https://doi.org/10.1016/j.ijadhadh.2016.07.012 

[113] A. Baldan, “Adhesively-bonded joints in metallic alloys, 
polymers and composite materials: Mechanical and 
environmental durability performance,” Journal of Materials 
Science, vol. 39, no. 15, pp. 4729–4797, 2004. 
https://doi.org/10.1023/B:JMSC.0000035317.87118. 

[114] U. A. Khashaba, I. Mr. Najjar, and K. H. Almitani, “Failure 
analysis of scarf adhesive joints modified with SiC-nanoparticles 
under fatigue loading at room temperature,” Composites Science 
and Technology, vol. 221, p. 109301, 2022. 
https://doi.org/10.1016/j.compscitech.2022.109301 

[115] M. Bocciarelli, P. Colombi, G. Fava, and C. Poggi, “Prediction 
of debonding strength of tensile steel/CFRP joints using fracture 
mechanics and stress-based criteria,” Engineering Fracture 
Mechanics, vol. 76, no. 2, pp. 299–313, 2008. 
https://doi.org/10.1016/j.engfracmech.2008.10.005 

[116] P. Colombi, “Reinforcement delamination of metallic beams 
strengthened by FRP strips: Fracture mechanics-based approach,” 
Engineering Fracture Mechanics, vol. 73, no. 14, 2006. 
https://doi.org/10.1016/j.engfracmech.2006.03.011 

[117] S. K. Panigrahi and B. Pradhan, “Three-Dimensional Failure 
Analysis and Damage Propagation Behavior of Adhesively 
Bonded Single Lap Joints in Laminated FRP Composites,” 
Journal of Reinforced Plastics and Composites, vol. 26, no. 2, 
2007. https://doi.org/10.1177/0731684407070026 

[118] Z. G. Apalak, M. K. Apalak, and M. S. Genc, “Progressive 
Damage Modeling of an Adhesively Bonded Unidirectional 
Composite Single-lap Joint in Tension at the Mesoscale Level,” 
Journal of Thermoplastic Composite Materials, vol. 19, no. 6, pp. 
671–702, 2006. https://doi.org/10.1177/0892705706067487 

[119] L. Goglio, M. Rossetto, and E. Dragoni, “Design of adhesive 
joints based on peak elastic stresses,” International Journal of 
Adhesion and Adhesives, vol. 28, no. 8, pp. 427–435, 2008. 
https://doi.org/10.1016/j.ijadhadh.2008.04.001 

[120] A. Ozel, B. Yazici, S. Akpinar, M. D. Aydin, and Ş. Temiz, “A 
study on the strength of adhesively bonded joints with different 
adherends,” Composites Part B: Engineering, vol. 62, pp. 167–
174, 2014. https://doi.org/10.1016/j.compositesb.2014.03.001 

[121] N. Razavi, Ayatollahi, H. R. Majidi, and F. Berto, “A strain-
based criterion for failure load prediction of steel/CFRP double 
strap joints,” Composite Structures, vol. 206, pp. 116–123, 2018. 
https://doi.org/10.1016/j.compstruct.2018.08.046 

[122] Ayatollahi and A. Akhavan-Safar, “Failure load prediction of 
single lap adhesive joints based on a new linear elastic criterion,” 
Theoretical and Applied Fracture Mechanics, vol. 80, pp. 210–
217, 2015. https://doi.org/10.1016/j.tafmec.2015.07.013 

[123] H. Khoramishad, A. Akhavan-Safar, Ayatollahi, and L. Da 
Silva, “Predicting static strength in adhesively bonded single lap 
joints using a critical distance based method: Substrate thickness 
and overlap length effects,” Proceedings of the Institution of 
Mechanical Engineers Part L Journal of Materials Design and 
Applications, vol. 231, no. 1–2, 2016. 
https://doi.org/10.1177/1464420716666427 

[124] A. Akhavan-Safar, Ayatollahi, and L. F. M. Da Silva, “Strength 
prediction of adhesively bonded single lap joints with different 
bondline thicknesses: A critical longitudinal strain approach,” 
International Journal of Solids and Structures, vol. 109, pp. 189–
198, 2017. https://doi.org/10.1016/j.ijsolstr.2017.01.022 

 
 

[125] J. Ji and Q. Luo, "Fracture Mechanics-Based Design and 
Analysis of Structural Adhesive Joints," in Structural Adhesive 
Joints, K. L. Mittal and S. K. Panigrahi, Eds. Hoboken, NJ, USA: 
John Wiley & Sons, 2020. 
https://doi.org/10.1002/9781119737322.ch6 

[126] D. M. Gleich, M. J. L. Van Tooren, and A. Beukers, “Analysis 
and evaluation of bondline thickness effects on failure load in 
adhesively bonded structures,” Journal of Adhesion Science and 
Technology, vol. 15, no. 9, pp. 1091–1101, 2001. 
https://doi.org/10.1163/156856101317035503 

[127] Y. Liu, Z. Gu, D. J. Hughes, J. Ye, and X. Hou, “Understanding 
mixed mode ratio of adhesively bonded joints using genetic 
programming (GP),” Composite Structures, vol. 258, p. 113389, 
2020. https://doi.org/10.1016/j.compstruct.2020.113389 

[128] Q. Chen, H. Guo, K. Avery, X. Su, and H. Kang, “Fatigue 
performance and life estimation of automotive adhesive joints 
using a fracture mechanics approach,” Engineering Fracture 
Mechanics, vol. 172, pp. 73–89, 2017. 
https://doi.org/10.1016/j.engfracmech.2017.01.005 

[129] Y. Zhang, P. Dong, and X. Pei, “Fracture Mechanics Modeling 
of Fatigue Behaviors of Adhesive-Bonded Aluminum Alloy 
Components,” Metals, vol. 12, no. 8, p. 1298, 2022. 
https://doi.org/10.3390/met12081298 

[130] Q. Luo and L. Tong, “Energy release rates for interlaminar 
delamination in laminates considering transverse shear effects,” 
Composite Structures, vol. 89, no. 2, pp. 235–244, 2008. 
https://doi.org/10.1016/j.compstruct.2008.07.015 

[131] Q. Luo and L. Tong, “Analytic formulas of energy release rates 
for delamination using a global–local method,” International 
Journal of Solids and Structures, vol. 49, no. 23–24, 2012. 
https://doi.org/10.1016/j.ijsolstr.2012.07.005 

[132] T. Chen, C. M. Harvey, S. Wang, and V. V. Silberschmidt, 
“Dynamic interfacial fracture of a double cantilever beam,” 
Engineering Fracture Mechanics, vol. 225, p. 106246, 2018. 
https://doi.org/10.1016/j.engfracmech.2018.11.033 

[133] X. Huo, Q. Luo, Q. Li, G. Zheng, and G. Sun, “On 
characterization of cohesive zone model (CZM) based upon 
digital image correlation (DIC) method,” International Journal of 
Mechanical Sciences, vol. 215, p. 106921, 2021. 
https://doi.org/10.1016/j.ijmecsci.2021.106921 

[134] M. Kahyoosh, R. Laftah, and A. Nassar, “Effect of Fiber 
Orientation Angle on Stress Intensity Factor of Composite Plate 
Using Extended Finite Element Method (XFEM),” Basrah 
Journal of Engineering Science, vol. 22, no. 1, pp. 58–68, 2022. 
https://doi.org/10.33971/bjes.22.1.7 

[135] G. Fernlund, M. Papini, D. McCammond, and J. K. Spelt, 
“Fracture load predictions for adhesive joints,” Composites 
Science and Technology, vol. 51, no. 4, 1994. 
https://doi.org/10.1016/0266-3538(94)90091-4 

[136] N. Xie et al., “Failure Analysis of Adhesively Bonded 
Structures: From Coupon Level Data to Structural Level 
Predictions and Verification,” International Journal of Fracture, 
vol. 134, no. 3–4, pp. 231–250, 2005. 
https://doi.org/10.1007/s10704-005-0646-y 

[137] C. Balzani, W. Wagner, D. Wilckens, R. Degenhardt, S. 
Büsing, and H. -g. Reimerdes, “Adhesive joints in composite 
laminates-A combined numerical/experimental estimate of 
critical energy release rates,” International Journal of Adhesion 
and Adhesives, vol.32, pp. 23-38, 2012. 
https://doi.org/10.1016/j.ijadhadh.2011.09.002 

[138] M. Shahverdi, A. P. Vassilopoulos, and T. Keller, “Mixed-
Mode I/II fracture behavior of asymmetric adhesively-bonded 
pultruded composite joints,” Engineering Fracture Mechanics, 
vol. 115, pp. 43–59, 2013. 
https://doi.org/10.1016/j.engfracmech.2013.11.014 

[139] A. Cameselle‐Molares, R. Sarfaraz, M. Shahverdi, T. Keller, 
and A. P. Vassilopoulos, “Fracture mechanics‐based progressive 
damage modelling of adhesively bonded fibre‐reinforced 
polymer joints,” Fatigue & Fracture of Engineering Materials & 
Structures, vol. 40, no. 12, pp. 2183–2193, 2017. 
https://doi.org/10.1111/ffe.12647 

 

https://doi.org/10.1016/j.tafmec.2023.103760
https://doi.org/10.3390/ma12152403
https://doi.org/10.1016/j.ijadhadh.2016.07.012
https://doi.org/10.1023/B:JMSC.0000035317.87118
https://doi.org/10.1016/j.compscitech.2022.109301
https://doi.org/10.1016/j.engfracmech.2008.10.005
https://doi.org/10.1016/j.engfracmech.2006.03.011
https://doi.org/10.1177/0731684407070026
https://doi.org/10.1177/0892705706067487
https://doi.org/10.1016/j.ijadhadh.2008.04.001
https://doi.org/10.1016/j.compositesb.2014.03.001
https://doi.org/10.1016/j.compstruct.2018.08.046
https://doi.org/10.1016/j.tafmec.2015.07.013
https://doi.org/10.1177/1464420716666427
https://doi.org/10.1016/j.ijsolstr.2017.01.022
https://doi.org/10.1002/9781119737322.ch6
https://doi.org/10.1163/156856101317035503
https://doi.org/10.1016/j.compstruct.2020.113389
https://doi.org/10.1016/j.engfracmech.2017.01.005
https://doi.org/10.3390/met12081298
https://doi.org/10.1016/j.compstruct.2008.07.015
https://doi.org/10.1016/j.ijsolstr.2012.07.005
https://doi.org/10.1016/j.engfracmech.2018.11.033
https://doi.org/10.1016/j.ijmecsci.2021.106921
https://doi.org/10.33971/bjes.22.1.7
https://doi.org/10.1016/0266-3538(94)90091-4
https://doi.org/10.1007/s10704-005-0646-y
https://doi.org/10.1016/j.ijadhadh.2011.09.002
https://doi.org/10.1016/j.engfracmech.2013.11.014
https://doi.org/10.1111/ffe.12647


147         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[140] J. M. M. Dionísio, L. D. C. Ramalho, I. J. Sánchez-Arce, R. D. 
S. G. Campilho, and J. Belinha, “Fracture mechanics approach to 
stress singularities in composite adhesive joints,” Composite 
Structures, vol. 276, p. 114507, 2021. 
https://doi.org/10.1016/j.compstruct.2021.114507 

[141] J. M. M. Dionísio, L. D. C. Ramalho, I. J. Sánchez-Arce, R. D. 
S. G. Campilho, and J. Belinha, “Fracture mechanics approach to 
stress singularity in adhesive joints,” International Journal of 
Fracture, vol. 232, no. 1, pp. 77–91, 2021. 
https://doi.org/10.1007/s10704-021-00594-z 

[142] O. Volkersen, "Die Nietkraftverteilung in zugbeanspruchten 
Nietverbindungen mit konstanten Laschenquerschnitten," 
Luftfahrtforschung, vol. 15, pp. 41-47, 1938. 
https://cir.nii.ac.jp/crid/1570009751444198272 

[143] M. Goland and E. Reissner, “The Stresses in Cemented Joints,” 
Journal of Applied Mechanics, vol. 11, no. 1, pp. A17–A27, 1944. 
https://doi.org/10.1115/1.4009336 

[144] L. F. M. Da Silva, P. J. C. D. Neves, R. D. Adams, and J. K. 
Spelt, “Analytical models of adhesively bonded joints-Part I: 
Literature survey,” International Journal of Adhesion and 
Adhesives, vol. 29, no. 3, pp. 319–330, 2008. 
https://doi.org/10.1016/j.ijadhadh.2008.06.005 

[145] L. J. Hart-Smith, Adhesive-Bonded Single-Lap Joints. 
Washington, DC, USA: National Aeronautics and Space 
Administration, 1973. 
https://ntrs.nasa.gov/citations/19740005083 

[146] L. J. Hart-Smith et al., Analysis and Design of Advanced 
Composite Bonded Joints. Washington, DC, USA: National 
Aeronautics and Space Administration, 1974. 
https://ntrs.nasa.gov/citations/19740012451 

[147] W. J. Renton and J. R. Vinson, “The Efficient Design of 
Adhesive Bonded Joints,” The Journal of Adhesion, vol. 7, no. 3, 
pp. 175–193, 1975. https://doi.org/10.1080/00218467508075049 

[148] S. Srinivas, Analysis of Bonded Joints. NASA Technical Note, 
NASA-TN-D-7855, 1975. 

[149] B. Dattaguru, R. A. Everett, J. D. Whitcomb, and W. S. 
Johnson, “Geometrically Nonlinear Analysis of Adhesively 
Bonded Joints,” Journal of Engineering Materials and 
Technology, vol. 106, no. 1, pp. 59–65, 1984. 
https://doi.org/10.1115/1.3225677 

[150] A. K. Pickett and L. Hollaway, “The analysis of elastic-plastic 
adhesive stress in bonded lap joints in FRP structures,” 
Composite Structures, vol. 4, no. 2, pp. 135–160, 1985. 
https://doi.org/10.1016/0263-8223(85)90003-0 

[151] W. J. Renton and J. R. Vinson, “Analysis of Adhesively Bonded 
Joints Between Panels of Composite Materials,” Journal of 
Applied Mechanics, vol. 44, no. 1, pp. 101–106, 1977. 
https://doi.org/10.1115/1.3423971 

[152] F. Delale, F. Erdogan, and M. N. Aydinoglu, “Stresses in 
Adhesively Bonded Joints: A Closed-Form Solution,” Journal of 
Composite Materials, vol. 15, no. 3, pp. 249-271, 1981. 
https://doi.org/10.1177/002199838101500305 

[153] D. J. Allman, “A THEORY FOR ELASTIC STRESSES IN 
ADHESIVE BONDED LAP JOINTS,” The Quarterly Journal of 
Mechanics and Applied Mathematics, vol. 30, no. 4, 1977. 
https://doi.org/10.1093/qjmam/30.4.415 

[154] R. D. Adams and V. Mallick, “A Method for the Stress Analysis 
of Lap Joints,” The Journal of Adhesion, vol. 38, no. 3-4, 1992. 
https://doi.org/10.1080/00218469208030455 

[155] C. Yang and S.-S. Pang, “Stress-strain analysis of adhesive-
bonded single-lap composite joints under cylindrical bending,” 
Composites Engineering, vol. 3, no. 11, pp. 1051–1063, 1993. 
https://doi.org/10.1016/0961-9526(93)90020-K 

[156] C. Yang and S.-S. Pang, “Stress-Strain Analysis of Single-Lap 
Composite Joints Under Tension,” Journal of Engineering 
Materials and Technology, vol. 118, no. 2, pp. 247–255, 1996. 
https://doi.org/10.1115/1.2804896 

[157] Z. J. Wu, A. Romeijn, and J. Wardenier, “Stress expressions of 
single-lap adhesive joints of dissimilar adherends,” Composite 
Structures, vol. 38, no. 1–4, pp. 273–280, 1997. 
https://doi.org/10.1016/S0263-8223(97)00062-7 

 

[158] L. Tong, “An Assessment of Failure Criteria to Predict the 
Strength of Adhesively Bonded Composite Double Lap Joints,” 
Journal of Reinforced Plastics and Composites, vol. 16, no. 8, pp. 
698–713, 1997. https://doi.org/10.1177/073168449701600803 

[159] S. A. Yousefsani and M. Tahani, “Analytical solutions for 
adhesively bonded composite single-lap joints under mechanical 
loadings using full layerwise theory,” International Journal of 
Adhesion and Adhesives, vol. 43, pp. 32–41, 2013. 
https://doi.org/10.1016/j.ijadhadh.2013.01.012 

[160] S. A. Yousefsani and M. Tahani, “Accurate determination of 
stress distributions in adhesively bonded homogeneous and 
heterogeneous double-lap joints,” European Journal of 
Mechanics - a/Solids, vol. 39, pp. 197–208, 2012. 
https://doi.org/10.1016/j.euromechsol.2012.12.001 

[161] A. D. Diaz, R. Hadj-Ahmed, G. Foret, and A. Ehrlacher, “Stress 
analysis in a classical double lap, adhesively bonded joint with a 
layerwise model,” International Journal of Adhesion and 
Adhesives, vol. 29, no. 1, pp. 67–76, 2008. 
https://doi.org/10.1016/j.ijadhadh.2008.01.004 

[162] U. Icardi and F. Sola, “Analysis of bonded joints with laminated 
adherends by a variable kinematics layerwise model,” 
International Journal of Adhesion and Adhesives, vol. 50, pp. 
244–254, 2014. https://doi.org/10.1016/j.ijadhadh.2014.02.003 

[163] E. Selahi, M. Tahani, and S. A. Yousefsani, “Analytical 
Solution of Stress Field in Adhesively Bonded Composite Single-
Lap Joints Under Mechanical Loadings,” International Journal of 
Engineering, vol. 27, no. 3 (C), 2014. 
https://doi.org/10.5829/idosi.ije.2014.27.03c.16 

[164] F. Marchione, “Analytical Stress Analysis in Single-lap 
Adhesive Joints under Buckling,” International Journal of 
Engineering. Transactions B: Applications, vol. 34, no. 2, 2021. 
https://doi.org/10.5829/ije.2021.34.02b.02 

[165] T. Zhelyazov, “Models analyzing the response of the adhesive 
joint between FRP and concrete: a comparative analysis,” 
Discover Mechanical Engineering, vol. 3, no. 1, 2024. 
https://doi.org/10.1007/s44245-024-00060-9 

[166] S. E. Stapleton et al., “A critical assessment of design tools for 
stress analysis of adhesively bonded double lap joints,” 
Mechanics of Advanced Materials and Structures, vol. 28, no. 8, 
2019. https://doi.org/10.1080/15376494.2019.1600768 

[167] S. Bayramoglu, S. Akpinar, and A. Çalık, “Numerical analysis 
of elasto-plastic adhesively single step lap joints with cohesive 
zone models and its experimental verification,” Journal of 
Mechanical Science and Technology, vol. 35, no. 2, pp. 641–649, 
2021. https://doi.org/10.1007/s12206-021-0124-0 

[168] R. D. Adams and N. A. Peppiatt, “Stress analysis of adhesive-
bonded lap joints,” Journal of Strain Analysis, vol. 9, no. 3, pp. 
185–196, 1974. https://doi.org/10.1243/03093247V093185 

[169] J. A. Harris and R. A. Adams, “Strength prediction of bonded 
single lap joints by non-linear finite element methods,” 
International Journal of Adhesion and Adhesives, vol. 4, no. 2, 
pp. 65–78, 1984. https://doi.org/10.1016/0143-7496(84)90103-9 

[170] L. F. M. Da Silva and R. D. S. G. Campilho, Advances in 
Numerical Modeling of Adhesive Joints, 2012. 
https://doi.org/10.1007/978-3-642-23608-2 

[171] R. Bai, S. Bao, Z. Lei, C. Yan, and X. Han, “Finite element 
inversion method for interfacial stress analysis of composite 
single-lap adhesively bonded joint based on full-field 
deformation,” International Journal of Adhesion and Adhesives, 
vol. 81, pp. 48–55, 2017. 
https://doi.org/10.1016/j.ijadhadh.2017.11.011 

[172] J. J. M. Machado, E. A. S. Marques, M. R. G. Silva, and L. F. 
M. Da Silva, “Numerical study of impact behaviour of mixed 
adhesive single lap joints for the automotive industry,” 
International Journal of Adhesion and Adhesives, vol. 84, pp. 92–
100, 2018. https://doi.org/10.1016/j.ijadhadh.2018.02.036 

[173] W. Guo, P. Chen, L. Yu, G. Peng, Y. Zhao, and F. Gao, 
“Numerical analysis of the strength and interfacial behaviour of 
adhesively bonded joints with varying bondline thicknesses,” 
International Journal of Adhesion and Adhesives, vol. 98, p. 
102553, 2020. https://doi.org/10.1016/j.ijadhadh.2020.102553 

 

https://doi.org/10.1016/j.compstruct.2021.114507
https://doi.org/10.1007/s10704-021-00594-z
https://cir.nii.ac.jp/crid/1570009751444198272
https://doi.org/10.1115/1.4009336
https://doi.org/10.1016/j.ijadhadh.2008.06.005
https://ntrs.nasa.gov/citations/19740005083
https://ntrs.nasa.gov/citations/19740012451
https://doi.org/10.1080/00218467508075049
https://doi.org/10.1115/1.3225677
https://doi.org/10.1016/0263-8223(85)90003-0
https://doi.org/10.1115/1.3423971
https://doi.org/10.1177/002199838101500305
https://doi.org/10.1093/qjmam/30.4.415
https://doi.org/10.1080/00218469208030455
https://doi.org/10.1016/0961-9526(93)90020-K
https://doi.org/10.1115/1.2804896
https://doi.org/10.1016/S0263-8223(97)00062-7
https://doi.org/10.1177/073168449701600803
https://doi.org/10.1016/j.ijadhadh.2013.01.012
https://doi.org/10.1016/j.euromechsol.2012.12.001
https://doi.org/10.1016/j.ijadhadh.2008.01.004
https://doi.org/10.1016/j.ijadhadh.2014.02.003
https://doi.org/10.5829/idosi.ije.2014.27.03c.16
https://doi.org/10.5829/ije.2021.34.02b.02
https://doi.org/10.1007/s44245-024-00060-9
https://doi.org/10.1080/15376494.2019.1600768
https://doi.org/10.1007/s12206-021-0124-0
https://doi.org/10.1243/03093247V093185
https://doi.org/10.1016/0143-7496(84)90103-9
https://doi.org/10.1007/978-3-642-23608-2
https://doi.org/10.1016/j.ijadhadh.2017.11.011
https://doi.org/10.1016/j.ijadhadh.2018.02.036
https://doi.org/10.1016/j.ijadhadh.2020.102553


148         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[174] R. Hazimeh, G. Challita, K. Khalil, and R. Othman, “Finite 
element analysis of adhesively bonded composite joints subjected 
to impact loadings,” International Journal of Adhesion and 
Adhesives, vol. 56, pp. 24–31, 2014. 
https://doi.org/10.1016/j.ijadhadh.2014.07.012 

[175] H. Hosseini-Toudeshky, F. Sheibanian, H. R. Ovesy, and M. S. 
Goodarzi, “Prediction of interlaminar fatigue damages in 
adhesively bonded joints using mixed-mode strain based cohesive 
zone modeling,” Theoretical and Applied Fracture Mechanics, 
vol. 106, p. 102480, 2020. 
https://doi.org/10.1016/j.tafmec.2020.102480 

[176] M. Yaman and M. F. Şansveren, “Numerical and experimental 
vibration analysis of different types of adhesively bonded joints,” 
Structures, vol. 34, pp. 368–380, 2021. 
https://doi.org/10.1016/j.istruc.2021.07.071 

[177] N. J. Al-Ramahi, R. Joffe, and J. Varna, “Numerical stress 
analysis in adhesively bonded joints under thermo-mechanical 
loading,” Advances in Mechanical Engineering, vol. 12, no. 10, 
2014. https://doi.org/10.1177/1687814020955072 

[178] D. Datta, Introduction to Extended Finite Element (XFEM) 
Method, arXiv, Computational Physics, 2013. 
https://doi.org/10.48550/arXiv.1308.5208 

[179] S. Jiang, Z. Ying, and Ch. Du, “The optimal XFEM 
approximation for fracture analysis the optimal XFEM 
approximation for fracture analysis”, IOP Conference Series: 
Materials Science and Engineering, Vol. 10, pp. 1 9, 2010. 
https://doi.org/10.1088/1757-899X/10/1/012067 

[180] H. I. Khalaf and A. A. Nassar, “Using of XFEM With Meshing 
Type-T3 for Orthotropic FGM Plate with A Center Crack Parallel 
to the Material Gradation Under Fixed Grip Loading,” Al-
Qadisiyah Journal for Engineering Sciences, vol. 8, no. 3, pp. 
335–354, 2015.  

[181] A. O. Mashjel, R. M. Laftah, and H. I. Khalaf, “Study the effect 
of perforation type for plate with central crack on the stress 
intensity factor using the XFEM”, Basrah Journal for Engineering 
Sciences, Vol. 21, No. 1, pp. 27-37, 2021. 
https://doi.org/10.33971/bjes.21.1.5 

[182] R. M. Laftah, “Study of Stress Intensity Factor in Corrugated 
Plate Using Extended Finite Element Method (XFEM)”, 
Engineering and Technology Journal, Vol. 34, No. 15, pp. 2982-
2992, 2016. https://doi.org/10.30684/etj.34.15A.18 

[183] M. A. S. Carneiro and R. D. S. G. Campilho, “Analysis of 
adhesively-bonded T-joints by experimentation and cohesive 
zone models,” Journal of Adhesion Science and Technology, vol. 
31, no. 18, pp. 1998–2014, 2017. 
https://doi.org/10.1080/01694243.2017.1291320 

[184] R. D. S. G. Campilho, M. D. Banea, F. J. P. Chaves, and L. F. 
M. Da Silva, “eXtended Finite Element Method for fracture 
characterization of adhesive joints in pure mode I,” 
Computational Materials Science, vol. 50, no. 4, 2011. 
https://doi.org/10.1016/j.commatsci.2010.12.012 

[185] P. Broumand and A. R. Khoei, “X-FEM modeling of dynamic 
ductile fracture problems with a nonlocal damage-viscoplasticity 
model,” Finite Elements in Analysis and Design, vol. 99, 2015. 
https://doi.org/10.1016/j.finel.2015.01.002 

[186] A. Keyhani, M. Goudarzi, S. Mohammadi, and R. Roumina, 
“XFEM–dislocation dynamics multi-scale modeling of plasticity 
and fracture,” Computational Materials Science, vol. 104, 2015. 
https://doi.org/10.1016/j.commatsci.2015.03.032 

[187] T. F. Santos and R. D. S. G. Campilho, “Numerical modelling 
of adhesively-bonded double-lap joints by the eXtended Finite 
Element Method,” Finite Elements in Analysis and Design, vol. 
133, pp. 1–9, 2017. 
https://doi.org/10.1016/j.finel.2017.05.005 

[188] J. P. J. R. Santos, D. S. Correia, E. A. S. Marques, R. J. C. 
Carbas, F. Gilbert, and L. F. M. Da Silva, “Extended Finite 
Element Method (XFEM) Model for the Damage Mechanisms 
Present in Joints Bonded Using Adhesives Doped with Inorganic 
Fillers,” Materials, vol. 16, no. 23, p. 7499, 2023. 
https://doi.org/10.3390/ma16237499 

 
 

[189] A. L. Loureiro, L. F. M. Da Silva, C. Sato, and M. a. V. 
Figueiredo, “Comparison of the Mechanical Behaviour Between 
Stiff and Flexible Adhesive Joints for the Automotive Industry,” 
The Journal of Adhesion, vol. 86, no. 7, pp. 765–787, 2010. 
https://doi.org/10.1080/00218464.2010.482440 

[190] I. T. Masmanidis and T. P. Philippidis, “Progressive damage 
modeling of adhesively bonded lap joints,” International Journal 
of Adhesion and Adhesives, vol. 59, pp. 53–61, 2015. 
https://doi.org/10.1016/j.ijadhadh.2015.02.001 

[191] R. D. S. G. Campilho, M. D. Banea, A. M. G. Pinto, L. F. M. 
Da Silva, and A. M. P. De Jesus, “Strength prediction of single- 
and double-lap joints by standard and extended finite element 
modelling,” International Journal of Adhesion and Adhesives, 
vol. 31, no. 5, 2011. 
https://doi.org/10.1016/j.ijadhadh.2010.09.008 

[192] D. Álvarez, B. R. K. Blackman, F. J. Guild, and A. J. Kinloch, 
“Mode I fracture in adhesively-bonded joints: A mesh-size 
independent modelling approach using cohesive elements,” 
Engineering Fracture Mechanics, vol. 115, pp. 73–95, 2013. 
https://doi.org/10.1016/j.engfracmech.2013.10.005 

[193] I. Guiamatsia, J. K. Ankersen, G. A. O. Davies, and L. Iannucci, 
“Decohesion finite element with enriched basis functions for 
delamination,” Composites Science and Technology, vol. 69, no. 
15–16, pp. 2616–2624, 2009. 
https://doi.org/10.1016/j.compscitech.2009.08.002 

[194] M. G. Atahan and M. K. Apalak, “Finite Element Analysis of 
Low-Speed Oblique Impact Behavior of Adhesively Bonded 
Composite Single-Lap Joints,” Applied Composite Materials, 
vol. 30, no. 3, pp. 955–985, 2023. 
https://doi.org/10.1007/s10443-023-10119-7 

[195] M. Elices, G. V. Guinea, J. Gómez, and J. Planas, “The cohesive 
zone model: advantages, limitations and challenges,” 
Engineering Fracture Mechanics, vol. 69, no. 2, pp. 137–163, 
2002. https://doi.org/10.1016/S0013-7944(01)00083-2 

[196] S. Rajan, S. Djearadjane, J. Paul, and L. Kumar, “Efficacy of 
dexmedetomidine as an adjunct in aiding video laryngoscope-
assisted assessment of vocal cord movements at extubation 
following total thyroidectomy,” Anesthesia Essays and Research, 
vol. 13, no. 1, p. 25, 2019. https://doi.org/10.4103/aer.aer_150_18 

[197] Z. P. Chow, Z. Ahmad, K. J. Wong, and S. I. B. S. Abdullah, 
“Experimental and numerical analyses of temperature effect on 
glare panels under quasi-static perforation,” Composite 
Structures, vol. 275, p. 114434, 2021. 
https://doi.org/10.1016/j.compstruct.2021.114434 

[198] A. B. De Morais, “Evaluation of a trilinear traction-separation 
law for mode II delamination using the effective crack method,” 
Composites Part A: Applied Science and Manufacturing, vol. 
121, pp. 74–83, 2019. 
https://doi.org/10.1016/j.compositesa.2019.03.010 

[199] L. Peng, X. Gong, K. Wong, and L. Guillaumat, “Application 
of cohesive-zone models to delamination behaviour of composite 
material,” World Journal of Engineering, vol. 9, no. 2, pp. 109–
118, 2012. https://doi.org/10.1260/1708-5284.9.2.109 

[200] Q. Rao, Z. Ouyang, Z. Guo, and X. Peng, “Experimental and 
numerical analysis on mode II fracture toughness of CFRP 
adhesive joints using a nonlinear cohesive/friction coupled 
model,” International Journal of Adhesion and Adhesives, vol. 
114, 2022. https://doi.org/10.1016/j.ijadhadh.2022.103100 

[201] Z. Wang and G. Xian, “Cohesive zone model prediction of 
debonding failure in CFRP-to-steel bonded interface with a 
ductile adhesive,” Composites Science and Technology, vol. 230, 
p. 109315, 2022. 
https://doi.org/10.1016/j.compscitech.2022.109315 

[202] A. S. M. Al-Azzawi, L. F. Kawashita, and C. A. Featherston, 
“A modified cohesive zone model for fatigue delamination in 
adhesive joints: Numerical and experimental investigations,” 
Composite Structures, vol. 225, p. 111114, 2019. 
https://doi.org/10.1016/j.compstruct.2019.111114 

[203] Z. Liu, J. Reinoso, and M. Paggi, “A humidity dose-CZM 
formulation to simulate new end-of-life recycling methods for 
photovoltaic laminates,” Engineering Fracture Mechanics, vol. 
259, p. 108125, 2021. 
https://doi.org/10.1016/j.engfracmech.2021.108125 

https://doi.org/10.1016/j.ijadhadh.2014.07.012
https://doi.org/10.1016/j.tafmec.2020.102480
https://doi.org/10.1016/j.istruc.2021.07.071
https://doi.org/10.1177/1687814020955072
https://doi.org/10.48550/arXiv.1308.5208
https://doi.org/10.1088/1757-899X/10/1/012067
https://doi.org/10.33971/bjes.21.1.5
https://doi.org/10.30684/etj.34.15A.18
https://doi.org/10.1080/01694243.2017.1291320
https://doi.org/10.1016/j.commatsci.2010.12.012
https://doi.org/10.1016/j.finel.2015.01.002
https://doi.org/10.1016/j.commatsci.2015.03.032
https://doi.org/10.1016/j.finel.2017.05.005
https://doi.org/10.3390/ma16237499
https://doi.org/10.1080/00218464.2010.482440
https://doi.org/10.1016/j.ijadhadh.2015.02.001
https://doi.org/10.1016/j.ijadhadh.2010.09.008
https://doi.org/10.1016/j.engfracmech.2013.10.005
https://doi.org/10.1016/j.compscitech.2009.08.002
https://doi.org/10.1007/s10443-023-10119-7
https://doi.org/10.1016/S0013-7944(01)00083-2
https://doi.org/10.4103/aer.aer_150_18
https://doi.org/10.1016/j.compstruct.2021.114434
https://doi.org/10.1016/j.compositesa.2019.03.010
https://doi.org/10.1260/1708-5284.9.2.109
https://doi.org/10.1016/j.ijadhadh.2022.103100
https://doi.org/10.1016/j.compscitech.2022.109315
https://doi.org/10.1016/j.compstruct.2019.111114
https://doi.org/10.1016/j.engfracmech.2021.108125


149         H. M. Abdulzhra and A. A. Nassar / Basrah Journal for Engineering Sciences, Vol. 25, No. 1, (2025), 130-149                        

[204] T. Miao et al., “A comparative study of cohesive zone models 
for predicting delamination fracture behaviors of arterial wall,” 
Open Physics, vol. 18, no. 1, pp. 467–477, 2020. 
https://doi.org/10.1515/phys-2020-0134 

[205] L. A. De Oliveira and M. V. Donadon, “Delamination analysis 
using cohesive zone model: A discussion on traction-separation 
law and mixed-mode criteria,” Engineering Fracture Mechanics, 
vol. 228, p. 106922, 2020. 
https://doi.org/10.1016/j.engfracmech.2020.106922 

[206] J. Zhang, B. Xu, W. Wu, and T. Liu, “Theoretical insight into 
the mechanisms of palladium-catalyzed intramolecular insertion 
of alkenes into the carbon-nitrogen bond of β-lactam,” Journal of 
Organometallic Chemistry, vol. 864, pp. 37–43, 2018. 
https://doi.org/10.1016/j.jorganchem.2017.12.036 

[207] R. L. Fernandes and R. D. S. G. Campilho, “Testing different 
cohesive law shapes to predict damage growth in bonded joints 
loaded in pure tension,” The Journal of Adhesion, vol. 93, no. 1–
2, pp. 57–76, 2016. 
https://doi.org/10.1080/00218464.2016.1169176 

[208] M. Z. Sadeghi et al., “Failure load prediction of adhesively 
bonded single lap joints by using various FEM techniques,” 
International Journal of Adhesion and Adhesives, vol. 97, p. 
102493, 2019. https://doi.org/10.1016/j.ijadhadh.2019.102493 

[209] G. R. Irwin, “Analysis of Stresses and Strains Near the End of 
a Crack Traversing a Plate,” Journal of Applied Mechanics, vol. 
24, no. 3, pp. 361–364, 1957. https://doi.org/10.1115/1.4011547 

[210] R. Krueger, “The virtual crack closure technique for modeling 
interlaminar failure and delamination in advanced composite 
materials,” Numerical Modelling of Failure in Advanced 
Composite Materials, pp. 3-53, 2015. 
https://doi.org/10.1016/B978-0-08-100332-9.00001-3 

[211] M. Heidari-Rarani and M. Sayedain, “Finite element modeling 
strategies for 2D and 3D delamination propagation in composite 
DCB specimens using VCCT, CZM and XFEM approaches,” 
Theoretical and Applied Fracture Mechanics, vol. 103, p. 102246, 
2019. https://doi.org/10.1016/j.tafmec.2019.102246 

[212] X. Huo, Q. Luo, Q. Li, and G. Sun, “Measurement of fracture 
parameters based upon digital image correlation and virtual crack 
closure techniques,” Composites Part B Engineering, vol. 224, p. 
109157, 2021. 
https://doi.org/10.1016/j.compositesb.2021.109157 

[213] J. Jokinen, M. Wallin, and O. Saarela, “Applicability of VCCT 
in mode I loading of yielding adhesively bonded joints—a case 
study,” International Journal of Adhesion and Adhesives, vol. 62, 
pp. 85–91, 2015. https://doi.org/10.1016/j.ijadhadh.2015.07.004 

 
 
 

 

https://doi.org/10.1515/phys-2020-0134
https://doi.org/10.1016/j.engfracmech.2020.106922
https://doi.org/10.1016/j.jorganchem.2017.12.036
https://doi.org/10.1080/00218464.2016.1169176
https://doi.org/10.1016/j.ijadhadh.2019.102493
https://doi.org/10.1115/1.4011547
https://doi.org/10.1016/B978-0-08-100332-9.00001-3
https://doi.org/10.1016/j.tafmec.2019.102246
https://doi.org/10.1016/j.compositesb.2021.109157
https://doi.org/10.1016/j.ijadhadh.2015.07.004

