
International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,        Volume- 5, Issue-7, Jul.-2017 
http://iraj.in 

Numerical Analysis of SLJ of Laminated FRP Composite with different orientation 
 

49 

NUMERICAL ANALYSIS OF SLJ OF LAMINATED FRP COMPOSITE 
WITH DIFFERENT ORIENTATION 

 
1VIKAS DHANKHER, 2SK PANIGRAHI   

 
1,2Department of Mechanical Engineering, Defence Institute of Advanced Technology (Deemed University), Pune, 

Maharashtra, India- 411025 
Email: 1 vikas.dhankher87@gmail.com, 2skpanigrahi1@yahoo.co.in  

 
 
Abstract - Modern frames are constructed with major amount of FRP composite materials for their structural components in 
both primary as well as secondary components which are coupled either by fastener or adhesive bonding. Mostly Adhesive 
bonded joints are chosen over fastener joints due to tremendous advantages like less weight, better fatigue and corrosion 
strength, less points of stress concentration and easy load share/transfer. Major components of automobile, marine and 
aerospace parts are joined together by different types of adhesives. As a result, these emergent needs stipulate the meticulous 
study on stress concentration and strength analysis of adhesive joints. FEA is increased in the strength analysis of adhesively 
bonded Single Lap Joints with Laminated FRP composites. FEA helps to evaluate and analyze the process virtually with very 
less time consumption. The present work reports a numerical analysis of adhesively bonded joints of laminated FRP 
composites mainly single lap joints with Uni-directional [0]4, Cross-directional [0/90]s and Angle [45/-45]s laminate 
orientation/ply stacking sequence. Joint is subjected to static load and ABAQUS software package is used to carry out the 
analysis. The outcome shows angle laminate sequence have maximum out of plane stresses whereas uni directional laminate is 
lowest. The analysis helps in depicting the stress distribution and stress concentration location for different orientation. 
 
Index terms - FEA, laminate Orientation, FRP Composite, SLJ, Stress Analysis, ABAQUS. 
 
I. INTRODUCTION 
 
Modern frames are constructed with major amount of 
FRP composite materials for their structural 
components in both primary as well as secondary 
components which are coupled either by fastener or 
adhesive bonding. Significant role is being played by 
adhesively bonded Single Lap Joint (SLJ) with 
laminated FRP composite in various structural 
applications especially in space, aircraft, marine and 
automobile industries. Because of many advantages 
like low weight, high strength to weight ratio, 
capability of joining dissimilar materials, damage 
tolerance, uniform diffusion, design flexibility, 
uniform load transfer, reduced localized stresses and 
many more. Adhesively bonded joints are extensively 
used in joining of Fiber Reinforced Polymeric (FRP) 
composite material mainly in composite structures 
with many joint configurations. However, designing 
the composite SLJ is quite complex, because their 
performance is limited by the characteristics of the 
laminated composite adherends and bi-material 
interface which usually have low inter-laminar 
strengths. The inter-laminar stresses induced in the 
vicinity of the bond line leading edges of joints can 
cause delamination in the laminated adherends. Also, 
cohesion and adhesion failures are major threats to the 
adhesively bonded joint. Thus, for accurate analysis it 
is essential to understanding the joint stress fields, 
damage initiation and its propagation in practical 
applications to meet the specific design requirements. 
Three dimensional finite element models were 
proposed by Goncalves et al.  [1] to study the 
behaviour of adhesive joints in which it  includes an 
interface element in ABAQUS software formerly 
developed compatible with brick solid elements. The 

main objective was to calculate the stresses at the 
interfaces between adherends and adhesive. By doing 
this it can be explicate why the adhesive joints failure 
at interface are in critical regions. To include a general 
situation, an analysis with elasto-plastic materials’ 
behaviour was performed. As expected, the stress 
concentration in the vulnerable regions decreases on 
inducement of plasticization. In order to do accurate 
modeling for debonding of the adhesive, the interface 
element modeled can be outfitted with a failure 
criterion. These interface elements, conversely is not 
able to evade the numerical problems of the mesh size 
and computational immensity because of the need to 
be connected to brick elements.  
 
Even though plenty of unique elements were 
developed and can be found in literature none of them 
is commonly used in the industrial world because of 
their complex formulations. To foster the adhesive 
technique as a valid and accurate bonding choice there 
is a requirement of a simple FE method based on 
standard tools which can be used by non academic 
researcher. In the present paper, same attempt is also 
made using tie mesh constraints.  
 
II. FE ANALYSIS AND DESIGN OF SLJ 
 
The approach for analysis of laminated FRP 
composite joint can be carried out by finite element 
method or by analytical modeling. For accurate and 
complete analyses of adhesively bonded joints by FEA 
is challenging task [2]. The literature illustrate that the 
finite element codes can analyze the adhesively 
bonded joints with or without damages under arbitrary 
loading conditions. In design and sizing, many 
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different joint configurations must be analyzed 
quickly, and each finite element model can give better 
and accurate results if proper loading and boundary 
condition is used for analyzing the behavior and 
trends. The stress gradient magnitudes are very steep 
near the re-entrant corners. The results accuracy 
depends on the mesh size and boundary condition. In 
the present paper the area of interest is numerical 
analysis of single lap joint of laminated FRP with 
different ply stack sequence or different orientation 
using ABAQUS as it is widely used in aerospace and 
automotive industries for joining dissimilar materials 
since they provide more uniform load transfer over the 
bonded area but only thing is the stress concentration 
in bond line adhesive is non-uniform. Hence the 
numerical analysis is strongly recommended and 
presented in the present paper. Structural analysis 
simulation is also very helpful at joint design stage to 
decide various parameters, like orientation, material, 
thickness, overlap length etc.  
 
In 1940s, very first time by Volkersen [3], a simple 
shear lag model with assumption that adherends are in 
tension and the adhesive is in shear only and stating 
both stresses are constant across the thickness was 
presented for adhesively bonded lap joints. But it was 
observed that the solution does not reflect the effects 
of the adherend bending and shear deformations, 
which are potentially significant for composite 
adherends with a low shear and transverse modulus 
and strength.  
 

 
Figure 1: Goland and Reissner's adhesive shear and peel stress 

distributions for aluminium alloy adherends and as epoxy 
adhesive [4] 

 
The study was further extended by Goland 

and Reissner [4] by considering the effects of the 
adherend bending which leads to peel stresses in the 
adhesive layer, in addition to the shear stress. Goland 
and Reissner’s adhesive shear and peel stress 
distributions for aluminium alloy adherends and an 
epoxy adhesive can be seen in Figure 1 [4]. Present 
analysis will be focused on the numerical analysis of 
SLJ of laminated FRP composite with different 
orientation to analysis the behavior of bonded joints 
for the stress concentration and stress distribution. 
 

III. GEOMETRY CONFIGURATIONS 
 
The SLJ of Laminated FRP composite consist of a 
laminated FRP and Epoxy adhesive in which adherend 
is bonded with adhesive. Dimensions of the 
considered SLJ are shown in Figure 2. The SLJ 
analyzed with the following orientation of 
Uni-directional [0]4, Cross-ply [0/90]s and Angle-ply       
[-45/45]s , as shown in Figure 3., Graphite/ epoxy FRP 
plate composite laminate is used as adherend and 
epoxy adhesive as shown properties of same in    Table 
1. The thickness of each ply of adherend is 0.125 mm 
and for adhesive is taken as 0.1 mm. The layer wise 
orthotropic property of FRP composite laminates used 
for the analysis is presented in the Table 1. The joint is 
subjected to a displacement of   ∆ = 0.01mm in the 
x-direction. The considered joint is analyzed with two 
boundary conditions [5] i.e. constrained end of SLJ in 
u = v = w = 0 and other end with displacement, ∆ = 
0.01mm, in x-direction.  
The adhesively bonded joint for single lap will have 
two adherend of same dimension as indicated in the 
Figure 2 i.e. there will be top adherend and bottom 
adherend with the properties illustrated in the Table 1. 
The dimensions of top and bottom adherend will be 
100 mm x 25 mm x 0.5 mm with four laminate of 
0.125 mm in both adherends whereas the adhesive will 
have 12.5 mm x 25 mm x 0.1 mm. Further uniform 
displacement ∆ = 0.01 mm will be applied at the end 
along the length of the joint i.e. x-direction. The stress 
analysis and maximum stress concentration in the 
joints will be analyzed in the present work. 

 

 
Figure 2:  SLJ Dimension ( all in mm) [6]. 

        
   
IV. PROPERTY FOR ADHEREND AND 
ADHESIVE 
 
The analysis is carried out with Graphite/ epoxy FRP 
composite lamina adherend and adhesive as epoxy 
material properties which is taken from the literature 
[7, 8] as it is widely used in most of the different fields; 
the properties are shown in Table 1. 
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      Epoxy   E = 2.8 GPa,. YT = 65 MPa 
  v = 0 YC = 84.5MPa 
  

Table 1. Graphite/epoxy FRP composite lamina material 
properties [7-8]. 

 
V. METHODOLOGY 
 
The FEM model and mesh are built up using the 
ABAQUS software for simulation. Firstly geometric 
modeling is done as per the configuration shown in 
Fig. 2 followed by the FE modeling with loading and 
boundary condition. Then mess convergence study 
was carried out to decide the element size of C3D8R 
element, which is applied to the interfaces between the 
adherend and adhesive layer. The optimum size with 
respect to the stress convergence results and 
considering solution time the element size was 
choosen as 0.25 mm x 0.25 mm x 0.125 mm as shown 
in Figure 4. Both the adherend and the adhesive layer 
are treated using C3D8R element which is continuum 
shell 3D-8 node element with reduced integration. 
These are three-dimensional iso-parametric solid 
element. C3D8R are used for modeling the adhesive 
layer and FRP composite plate. C3D8R is a layered 
element designed to model laminated FRP composite 
plate ply-by-ply and orthotropic material properties 
have been considered for each ply. These elements 
have eight node and each node possesses three 
translational degree of freedom. The finite element 
meshing scheme used for simulating out of plane 
stresses in the considered structure is shown in Fig.5. 
 

 
Figure 3: Different ply stacking sequence used for analysis   . (a) 
Uni-directional [0]4  (b) Angle Ply [45/-45]s  (c) Cross-Ply [0/90]s 
 

 
Figure 4 Mess Convergence Study 

 
 

 
Figure 5: FE Mess for SLJ and Zoomed View 

 
One end of the SLJ was restrained with an encastre 
constraint, while the other end of the SLJ/adherend 
was constrained with a kinematic coupling to allow 
only the translational displacement in the X-direction 
for nodes at this end. Kinematic couplings 
displacement boundary condition was used at the 
control points to simulate the quasi-static loading 
process of joints [5].  
 
OUTCOMES 
 
It is clearly observed in the analysis that the maximum 
stress occurred in Angle-Laminated FRP Composite in 
all three out of plane stress and most dominating are 
out of plane stress. For all conditions, typical concave 
shape profile shown by Von Misses stresses, in which 
it is observed that inner region has smaller magnitudes 
and overlap edges have peaks. Due to free edges 
effects, it is observed that the stress concentration 
tends to be more severe in the bonding areas near the 
adherend [9]. 

 

  
Figure 6:. Out of plane stress comparison for SLJ in Uni, Angle 

and Cross –directional laminate orientation. 
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Bonded joints with tubular members under axial 
loading also develop relatively high stresses with steep 
gradients localized at the joint ends [10]. Stress 
concentrations due to geometric discontinuities are 
well established facts. End zones of the joints are the 
vulnerable and critical for the adhesion failure which 
can be seen in the Figure 6 where out of plane stresses 
(σ33) for different ply orientation i.e. Uni-directional 
laminate, Cross laminate and Angle laminate are very 
high which is in line with the available literature 
results also. Out of these three laminate schemes, it 
can be easily pointed out that the Angle ply and cross 
ply stacking sequence have the maximum magnitude 
at the edges whereas Uni directional laminate scheme 
have the least 

 
Figure 7:. Out of plane shear stress (1-3 direction) comparison 

for SLJ in Uni, Angle and Cross–directional laminate 
orientation. 

 
Similar trends can be seen for out of plane shear stress 
(τ13) that the maximum shear stress is produced with 
the angle laminate scheme whereas uni-directional has 
least stress among all schemes. Though the magnitude 
of the shear stress is very less when compared to out of 
plane stress. It can also be seen that the one end where 
loading is done is in tension whereas the other overlap 
end is compressive in nature which resembles with 
physics of joints. 

 
Figure 8:  Out of plane shear stress (2-3 direction) comparison 

for SLJ in Uni, Angle and Cross–directional laminate 
orientation. 

 
When out plane shear stress in τ23 direction is plotted it 
can seen in Figure 8 that the free edges of overlap 
region from 0 to 1.5 mm and the other overlap end 

from 11 to 12.5 mm have shown the maximum 
magnitude in case of all lamination scheme but angle 
ply have 14 % strong magnitude at the edges. Figure 9 
shows same behavior as others stress the overlap 
length of adhesively bonded joint shows uniform 
stress in between 1.5 to 11 mm of adhesive which 
shows that the vulnerable area for adhesion or 
delamination will be at the edges. 

 
Figure 9: Von-Misses stress comparison for SLJ in Uni, Angle 

and Cross–directional laminate orientation. 
 
CONCLUSIONS 

 
Numerical analysis of SLJ with Laminated FRP 
having different orientation as discussed above has 
been carried out to evaluate normal and shear stresses. 
When the adherends are laminated FRP composites, 
they are vulnerable for various types of failures like 
inter laminar failure and delamination etc besides the 
conventional failures like cohesion and adhesion 
failures. The objective of the paper was to identify the 
locations prone to high stress which is seen to be at the 
edges of the overlap which might be due to the 
stiffness variation between adherend and adhesive of 
laminated FRP composites. From the above result it 
can be concluded that the suitable laminate orientation 
for uni axial loading is unidirectional laminate 
scheme. Both in-plane and out-of-plane stress 
variation on the different laminate orientation of SLJ 
have been determined which is in line with the 
literature. Using Uni-directional laminate scheme we 
can achieve lower stress at the end of overlap length 
among other laminate sequence used in the present 
analysis. The main advantage of adhesively bonded 
Joint of Laminate FRP composite using Uni 
directional laminate sequence is increased strength 
along the laminate and less shear stresses in out of 
plane when compared with other two laminate 
sequences. These results will be helpful for the 
selection of laminate orientation for FRP composite. 
This analysis can be extended for other configuration 
of joints as well to analyze the behaviour of adhesively 
bonded joint with other geometries as well. It is also 
recommended to study the effect of composite joint 
with thermal effect with dynamic loading and different 
stacking sequence. 
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