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Abstract— Adhesively-bonded joints are increasingly used in 

aeronautical industry. Adhesive joints permit to join complex 

shapes and reduce the weight of structures. Adhesively 

bonded lap joints are used increasingly in the spacecraft and 

aerospace application to join structural component of metallic 

material. The influence of the parameter like Adhesive 

thickness, Adherend thickness, Lap length, Adhesive 

mechanical properties and Static load has been investigated. 

A two dimensional finite element model (FEM) based on 

plane strain assumption including the geometrical nonlinear 

analysis was utilized to investigate the joint stiffness and 

stress distribution.  To explore the effect of boundary 

conditions on the elastic stress distribution in a single lap 

joint. 
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I. INTRODUCTION 

Many methods exist for bringing together similar or 

dissimilar structural materials, in terms of the joining 

technique utilized. Conventional mechanical joints, such as 

bolted, pinned or riveted are preferred due to their simplicity 

and the disassembly ability that they offer for joining metal. 

However, when a mechanical joint is loaded, local damage is 

induced at the fastener holes due to stress concentrations.  The 

demands for designing lightweight structures without any 

loss of stiffness and strength have turned many researchers 

and design engineers to seek for alternate joining methods. 

Thus, the field of adhesive bonding for load-bearing primary 

structures has matured with the development of a wide range 

of adhesives and has its roots in the field of aeronautics. By 

extrapolating the experience gained from aeronautics, 

adhesives have been adopted more and more by other 

industries like the marine industry, wind turbines, piping and 

civil engineering Field. Regardless of the complexity of the 

geometry of the practical adhesive joint, it is common to 

evaluate the cooperation of the adherents and the adhesive 

system utilized by examining the behavior of simple 

geometries under axial loading, e.g. Single Lap Joint (SLJ). 

Joints are inevitable in spacecraft and aerospace structures 

where the primary components are often made in parts due to 

operational requirements. These joints are sources of stress 

concentration and are often potential sites for failure 

initiation. Adhesively bonded joints are preferred wherever 

possible over conventional fastener joints since they lead to 

fewer points of stress concentration. The properties of the 

materials of adherend and adhesive significantly affect the 

load transfer in these joints.  In the present work, a 

geometrically non-linear analysis of a typical lap joint 

between identical adherends is conducted using ANSYS. 

Analysis of peel and shear stress two-dimensional 

configuration of these joints is presented in this paper. 

 
Fig. 1: Boundary conditions for a lap joint 

II. MODEL DESCRIPTION 

A two dimensional schematic of single-lap joint with 

boundary conditions are appeared in Fig.1. The geometric 

parameters are represented as, l is the length of the overlap, a 

is the length of the external adherend, t is the thickness of the 

adherend and h is the thickness of adhesive. A uniform 

pressure of 9.81 MPa is connected on the right end side of the 

adherend.  

III. MATERIAL PROPERTIES 

Properties 
Adherend 

(Aluminium) 

Adhesive 

(Araldite) 

E 71 GPa 56.5 GPa 

v 0.3 0.33 

Table.1 Material properties of adherends and adhesives 

utilized in FEM examination 

IV. FINITE ELEMENT MODEL 

The finite element analysis is directed utilizing ANSYS [12]. 

The product utilizes the standard technique for geometrically 

non-linear FE examination, utilizing 8-noded quadrilateral 

elements (PLANE 183) used for both adherend and adhesive 

materials. The finite element model shown in Fig.2. The 

properties of the adherend and adhesive are appeared in 

Table. I. The two dimensional joint is considered in the 

conditions of plane strain condition. These geometric 

parameters and the applied loading match the setup analyzed, 

so that the numerical results can be analyzed. 

 
Fig. 2: Finite element mesh in the adhesive region 
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V. EFFECT OF GEOMETRIC AND MATERIAL PARAMETERS 

Finite element analysis (FEA) has been utilized with the end 

goal of exploring the effect of the various accompanying 

parameters on the joint performance. The load was applied at 

the right end side of the lower adherend and joint was kept 

constant at 9.81 MPa. Following parameters has been studied:   

 Adhesive thickness (0.16 to 0.64 mm) 

 Adherend thickness (0.8 to 3.2 mm) 

 Lap length (8 to 32 mm) 

 Adhesive mechanical properties (28.2 to 113 GPa) 

 Static load (4.905 to 19.62 MPa) 

A. Adhesive thickness 

In this parametric study the effect of adhesive thickness on 

the stress and strain distributions are evaluated. Four adhesive 

thickness values (0.16, 0.32, 0.48 and 0.64 mm) are 

considered. Increasing the adhesive thickness resulted in a 

decrease in the maximum peel and shear stresses and strains 

at the ends of the overlap. Increasing the adhesive thickness 

resulted in a decrease in the maximum von-Mises stress at the 

ends of the overlap shown in Fig.3 Increasing adhesive 

thickness from 0.16 mm to 0.64 mm resulted in a 56.96% 

reduction in the equivalent maximum stress. The maximum 

shear stress (max) is 11 MPa, the maximum peel stress is 14 

MPa and the maximum von-Mises stress is 18 MPa of the 

adhesive thickness 0.16 mm. maximum peel and shear strains 

are 1.8e-4 and 4.9e-4 respectively. 

B. Adherend Thickness 

In this parametric study the effect of adherend thickness on 

the stress and strain distributions are evaluated. Four adhesive 

thickness values (0.8, 1.6, 2.4 and 3.2 mm) are considered. 

Increasing the adherend thickness resulted in increase in the 

maximum peel and shear stresses and strains at the ends of 

the overlap. Increasing the adherend thickness resulted in 

increase in the maximum von-Mises stress distributions along 

the mid bond line also shown in Fig.4. The maximum shear 

stress (max) is 15 MPa, the maximum peel stress is 11 MPa 

and the maximum von-Mises stress is 19 MPa of the adhesive 

thickness 3.2 mm. maximum peel and shear strains are 4.5e-

4 and 2e-4 respectively. The maximum shear stress (max) and 

peel stress tends to increase directly with the increasing 

adherend thickness. 

C. Lap Length 

In this parametric study the effect of lap length on the stress 

and strain distributions are evaluated. Four lap length values 

(8, 16, 24 and 32 mm) are considered. Increasing the lap 

length resulted in a decrease in the maximum peel and shear 

stresses and strains at the ends of the overlap. Increasing the 

lap length resulted in a decrease in the maximum von-Mises 

stress at the ends of the overlap shown in Fig.5. Increasing 

lap length from 8 mm to 32 mm resulted in a 79.62% 

reduction in the equivalent maximum stress. The maximum 

shear stress (max) is 9 MPa, the maximum peel stress is 11 

MPa and the maximum von-Mises stress is 16 MPa of the lap 

length 8 mm. maximum peel and shear strains are 4.2e-4 and 

1.8e-4 respectively. The maximum shear stress (max) tends to 

decrease linearly with the increasing lap length. 

D. Adhesive mechanical properties 

In this parametric study the effect of adhesive properties on 

the stress and strain distributions are evaluated. Four different 

Young’s modulus values of adhesive material (28.25, 56.5, 

84.75 and 113 GPa) are considered. Increasing the adhesive 

properties resulted in an increase in the maximum peel and 

shear stresses and strains at the ends of the overlap. Increasing 

the adhesive property resulted in an increase in the maximum 

von-Mises stress at the ends of the overlap shown in Fig.6. 

Increasing adhesive property from 28.25 GPa to 113 GPa 

resulted in 20.2 % increase in the equivalent maximum stress. 

The maximum shear stress (max) is 8 MPa, the maximum peel 

stress is 9 MPa and the maximum von-Mises stress is 15 MPa 

of the adhesive property 113 GPa. Maximum peel and shear 

strains are 6e-4 and 2.5e-4 respectively. The maximum shear 

stress (max) and peel stress tends to increments directly with 

the increasing lap length. The maximum shear stress max 

tends to increase linearly with the increasing adhesive 

properties. 

 
Fig. 3: Stresses and strains distribution along bond line for 

different adhesive thickness 
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Fig. 4: Stresses and strains distribution along bond line for 

different adherend thickness 

 
Fig. 5: Stresses and strains distribution along bond line for 

different Lap length 

 
Fig. 6: Stresses and strains distribution along bond line for 

different adhesive properties 

 
Fig. 7: Stresses and strains distribution along bond line for 

different static load 
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E. Static Load 

In this parametric study the effect of applied load on the stress 

and strain distributions are evaluated. Four applied load 

values (4.905, 9.810, 14.715 and 19.62 MPa) are considered. 

Increasing the applied load resulted in an increase in the 

maximum peel and shear stresses and strains at the ends of 

the overlap. Increasing the applied load resulted in an 

increase in the maximum von-Mises stress at the ends of the 

overlap shown in Fig.7 The maximum shear stress (max) is 15 

MPa, the maximum peel stress is 18 MPa and the maximum 

von-Mises stress is 27 MPa of the adhesive property 19.62 

MPa. Maximum peel and shear strains are 7e-4 and 2.5e-4 

respectively. The maximum shear stress (max) and peel stress 

tends to increments directly with the increasing applied load.  

VI. CONCLUSIONS 

Increasing the adhesive thickness resulted in a decrease in the 

maximum peel and shear stresses and strains at the ends of 

the overlap. The von-Mises stress at the ends of the overlap 

also tends to decrease with increasing the adhesive thickness. 

Increasing adhesive thickness from 0.16 mm to 0.64 mm 

resulted in a 56.96% reduction in the equivalent maximum 

stress. It have been also seen that increasing the adhesive 

thickness four times resulting the two times decrease in 

maximum peel stress and shear stress. Further, the adherends 

thickness is also significantly influence the performance of 

the joints. Increasing the adherends thickness resulted in 

increase in the maximum peel and shear stresses and strains 

at the ends of the overlap. 

To investigate the influence the overlap length on 

the induced stresses four lap length values are considered. 

Increasing the lap length resulted in a decrease in the 

maximum peel and shear stresses and strains. Increasing the 

lap length resulted in a decrease in the maximum von-Mises 

stress. Increasing lap length from 8 mm to 32 mm resulted in 

a 79.62% reduction in the equivalent maximum stress. The 

effect of adhesive properties on the stress and strain 

distributions of the lap joint is evaluated. Increasing the 

adhesive properties resulted in an increase in the maximum 

peel and shear stresses and strains, as expected. Increasing 

adhesive property from 28.25 GPa to 113 GPa resulted in 

20.2 % increase in the equivalent maximum stress. It is also 

observed that rate of increase of peel and shear stresses are 

decrease with increase of adhesive Young’s modulus.  
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