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Abstract— 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 upper, mid and lower bond line 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. An aluminum adherends 

bonded with toughened araldite adhesive. The numerical 

results show beneficial effects of the adhesive which decrease 

the stress concentration at the ends of the lap Length. 
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I. INTRODUCTION 

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.  

II. MODEL DESCRIPTION 

A two dimensional schematic of single-lap joint is appeared 

in Fig.1 for the geometric parameters, 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. 

The numerical parameters are given in same Fig.2. The joint 

is thought to be supported at the left end as appeared. Two 

different boundary conditions denoted as case 1 and case 2. 

A uniform pressure of 9.81 MPa is applied on the right end 

side of the adherend. 

 
Fig. 1: Different cases of boundary conditions for a lap joint. 

 
Fig. 2: Numerical parameters of adhesively bonded lap joint 

with different bond line. 

III. FINITE ELEMENT MODEL 

The finite element analysis is directed utilizing ANSYS [10]. 

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 utilized as a part of the 

examination is appeared in Fig.3 An adhesively bonded lap 

joint between aluminium adherends. Adherends are 

considered to be reinforced utilizing araldite adhesive. The 

properties of the adherend and adhesive are appeared in 

Table.1 The two dimensional joint is considered in the 

conditions of plane strain condition. These geometric 

parameters and the applied loading match the setup analyzed 

and the same are also utilized as a part of the current analysis, 

so that the numerical results can be analyzed. 

 
Fig. 3: Finite element mesh in the adhesive region 

IV. 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 

V. VARIOUS CASES OF BOUNDARY CONDITIONS 

To explore the effect of boundary conditions on the elastic 

stress distribution in a single lap joint, the two case boundary 

conditions were utilized. The present study it was also 

examined that the kind of finite element mesh (i.e. non-

uniform) has additionally an impact on the stress distribution 

in the bond line.  Fig.4 show plots of the peel stress obtained 

non-uniform cross section, separately, along the mid bond 

line. Boundary conditions of case 1 and 2 give nearly the 

same stress distribution. The stresses obtained with case 1 and 
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2 boundary conditions display stress distribution that are 

nearly symmetric about the vertical centerline of the joint 

with case 2 being the most symmetric. It is additionally 

observed that the distribution is not exactly smooth when a 

uniform mesh is utilized. For an accurate stress slopes close 

to the edges, a more refined cross section than that utilized at 

the centerline (i.e. non uniform cross section). The effect of 

boundary conditions (case 1 and 2) on the distribution of the 

peel and shear stresses along the upper and lower bond line 

(i.e. interface between the adhesive and adherend). The non-

uniform mesh was utilized as a part of both cases. From these 

outcomes clearly boundary condition of case 1 and 2 gives 

fundamentally same results predominantly close to the edges. 

Next, geometrically non-linear examination of a reinforced 

lap joint was considered. The geometry and boundary 

condition of case 2 is utilized. 

VI. MODEL VALIDATION 

The finite element investigation is directed with few various 

model sizes and convergence of the FEM was recognized. In 

this model validation using the case 1 as a boundary 

condition. In order to ensure the correctness of the model, 

numerical results are compared with those of Reddy and Roy 

[1]. The peel stress variety along the mid bond line, upper 

bond line and lower bond line and shear stress variety along 

the mid bond line, upper bond line and lower bond line are 

appeared in Fig. 5 The peel stress appropriation is almost 

symmetric obviously. The symmetry is aggravated 

insignificantly as a result of the method for forcing the 

boundary conditions. The shear stress along the lower bond 

line has a large peak on the left end of the lap in because of 

the load transfer path. The peel stress along the upper bond 

line has a large peak on the left end of the lap and the shear 

stress and peel stress along the mid bond line has almost 

symmetric. The consequences of the present examination 

thought about exceptionally well. 

 
Fig. 4: Variation of the stress along the bond line for 

different boundary conditions 

 
Fig. 5: Peel and shear stress variations along the upper, 

lower and mid bond line non-linear material properties 

VII. CONCLUSIONS 

The effect of various adhesive joint parameters on the peel 

and shear stress distribution are investigated using plane 

strain based two dimensional finite element modeling of 

single lap joints. Two dimensional finite element modeling of 

single lap joint to predict the shear stress and normal stress 

subjected to axial loads. Validation of the finite element 

model of single lap joint with available numerical results. The 

peel stress along the upper bond line has a large peak on the 

left end of the lap and the shear stress and peel stress along 

the mid bond line has almost symmetric. From these 

outcomes clearly boundary condition of case 1 and 2 gives 

fundamentally same results predominantly close to the edges. 

Next, geometrically non-linear examination of a reinforced 

lap joint was considered. The geometry and boundary 

condition of case 2 is utilized. Stresses obtained with case 1 

and case 2 boundary conditions exhibit stress distributions 

that are almost symmetric about the vertical centerline of the 

joint with case 2 being the most symmetric. 
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