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ABSTRACT: 

A mathematical report for the two fold lap cement joint made of comparative adherends 

exposed to elastic and warm loads is introduced. A tale dislodging coupling conditions which 

can effectively address monoclinic materials (off-hub layers of composite covers) are utilized 

to construct a complete mathematical model. Two sorts of twofold lap joints are considered 

in this investigation: metal–metal and composite-composite. If there should be an occurrence 

of composite overlays, four lay-ups are assessed: unidirectional ([08]T and [908]T) and semi 

isotropic covers ([0/45/90/−45]S and [90/45/0/− 45]S). The impact of various boundaries 

(adherend solidness, handle stacking grouping, adherend thickness, one-step or two-venture 

assembling of the joint) on strip and shear pressure dispersion in the center of the cement is 

considered. The correlation of the conduct of single-lap and twofold lap joint in connection to 

these boundaries is made. The greatest strip and shear pressure at the finishes of the cover 

regarding the hub modulus of the adherends are introduced in a type of the expert bends. The 

examinations of results show that: the most extreme strip and shear pressure focus at the 

cover closes is decreased with the increment of the pivotal modulus of the adherend; the 

pressure conveyance in the glue layer can be improved (lower pressure fixations and level-

out the bend) by changing the fiber direction (which influence the solidness) in employs 

associated to the cement layer. 

Keywords: Double-lap joint, Adhesive joints, Thermo-mechanical load, Residual thermal 

stresses, Finite element method 

1. Introduction  

The general trends in design of modern 

vehicles are reduction of the fuel 

consumption and pollution emissions. In 

order to achieve these goals, the vehicles 

need to be lighter but at the same time 

safety should not be compromised. This 

means that some of the metal within the 

structure should be substituted by other, 

lighter materials with the same mechanical 

performance. The polymer composite 

material suits this requirement due to 

excellent mechanical properties to weight 

ratio. However, since not all metal parts 

can be substituted by composites, 

dissimilar materials will be present in the 

structure. These parts have to be 

assembled together in the structure but 

traditional mechanical fastening (e.g. bolts, 

rivets, and welding) is rather difficult or 

even impossible to use with the composite 

material [1]. Therefore, the adhesive 

bonding is the best solution for joining 
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composite with other composite or metal 

within the structures [2]. Moreover, in 

general the adhesive joint has many 

advantages compared to other joint types 

[3–5]. Among the numerous adhesive 

bonding types, there are three types of 

joints that are most commonly used: 

single-lap, double-lap and scarf joint [6]. 

On the other hand, one of the major 

problems concerning the change of the 

traditional mechanical fastenings to 

adhesive is curing of the joint and 

composite at elevated temperature. Due to 

differences between service and curing 

temperature, the Residual Thermal 

Stresses (RTS) within the joint and 

composite itself will be generated. In some 

cases, these RTS will be high enough to 

cause a failure within the joint or 

composite laminate under a very small (or 

even without any) mechanical load [7]. 

There are several studies [8–11] dedicated 

to the experimental, numerical and 

theoretical investigation of double-lap 

adhesive joints (DLJ). The experimental 

and numerical study of a double-lap 

adhesive joint presented in [8] analysed 

three different types of adhesives with 

aluminium adherends, and four different 

overlap length. Analysis by Extended 

Finite Element Method for damage 

initiation and propagation showed that the 

maximum load is increased with 

increasing the overlap length and this 

improvement enhances with the use of 

more ductile adhesive. Moreover, it is 

demonstrated that the use of maximum 

nominal stress and quadratic nominal 

stress criteria gives accurate predictions 

for damage initiation and growth in the 

joint. An analytical and numerical study 

for DLJ under tensile load is presented in 

[9]. A three parameter elastic foundation 

model was developed to satisfy all  

Fig. 1. Schematic representation of the DLJ with boundary conditions and dimensions. 

boundary conditions at free edges (zero-

shear stress boundary condition) of the 

adhesive layer and then the results are 

compared with finite element analysis. The 

effect of three parameters (adhesive 

thickness, adhesive stiffness, adherend 

stiffness) on the stress distribution in the 

adhesive was studied. The results show 

that there is a significant effect for the 

adhesive thickness and stiffness ratio 

(adherend/adhesive stiffness) on peel and 

shear stress distribution, it should be 
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mentioned that a very good agreement 

between the analytical and numerical 

results was obtained. Another paper [10] 

presents a 3D finite element method 

(FEM) for analysis of the DLJ of 

composite adherends subjected to a tensile 

load. The effect of width and length of the 

overlap as well as the fibre orientation 

([04]S, [904]S and various off-axis 

laminates) are investigated. It is shown 

that the failure load increases with 

increasing the overlap length, while 

highest peel stress is obtained in case of 

using a laminate with 0 fibre orientation 

([04]S) as adherend. Another study [11] 

uses 3D FEM to investigate the effect of 

such parameters as stacking sequence of 

plies in the laminate and ply thickness of 

composite adherends on stresses inside the 

adhesive of DLJ. Six different layer 

stacking sequences with non-linear 

adhesive and adherend material are 

considered. It was observed that change of 

joint member stiffness due to fibre 

orientation in plies of the laminate and use 

of hybrid composite laminate (changing 

the type of fibres in layers which are 

adjacent to the adhesive layer) have a 

significant effect on the level of the 

maximum peel, shear and von Mises stress 

at the end of the overlap. 

 

Fig. 2. Coupling of displacements: (a) coupling of UZ displacement applied on the nodes 

with the same X-coordinate belonging to the vertical lines on the edge; (b) coupling of UX 

and UY on nodes belonging to lines through the width of the joint [19]. 

2. General considerations and boundary 

conditions 

The numerical simulations are carried out 

by using a commercial FEM package 

ANSYS 19.2 (utilizing APDL codes [21]). 

The 3D model is based on the geometry 

shown in Fig. 1 with the following 

dimensions (further in the text and graphs, 

all the dimensions are normalized with 

respect to the adhesive thickness ta): 

adhesive thickness ta = 0.2 mm; 

adherend/adhesive thickness ts/ta = 10; 

overlap length/adhesive thickness Lo/ta = 

200; width/adhesive thickness W/ta = 5 

and total length/adhesive thickness Lt/ta = 

1500. In order to simulate 
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of boundary conditions (coupling) as in 

[19] are employed (see Fig. 2) and the 

same scenarios of application of thermo-

mechanical load as in [22,23] are used to 

account for the RTS due to cooling from 

the curing to the room temperature (more 

details are given in Section 3). Bonding 

between the adhesive and adherends is 

assumed to be perfect and the geometrical 

nonlinearity is included. The suitability of 

the mesh with respect to the element size 

and sensitivity of values of the stresses 

close to the singularity region has been 

investigated in a previous study [19] and a 

convergence of the results was achieved. 

The thermo-mechanical properties of the 

materials (Young’s modulus E, shear 

modulus G, Poissons ratio v, coefficient of 

thermal expansion α) are listed in 1, with 

the material notations given in brackets. 

The adherend materials to simulate two 

different types of DLJ are: 1) metal–metal 

(M-M); 2) composite-composite (C-C) 

(unidirectional as well as multi-axial 

laminates). The composite laminates are 

assumed to have one of the four stacking 

sequences: a) unidirectional laminate 

(UD): [08]T or [908]T; b) quasi-isotropic 

laminate (QI) with the lay-up [0/45/90/− 

45]S or [90/45/0/− 45]S. Two types of 

composite materials are considered: glass 

fibre reinforced polymer (GFRP); carbon 

fibre reinforced polymer (CFRP). The 

notations for laminates further used in the 

text and in graphs are presented in 2. In the 

same the axial and bending stiffness of the 

laminates are presented for comparison.  

3. Results and discussion  

This section presents the analysis of the 

peel and shear stresses distributions along 

the overlap length (from X = − Lo/2ta to X 

= Lo/2ta) in the middle of adhesive layer 

(on Y = 0) at the center line of the joint (Z 

= 0). All the simulations are performed 

with the similar adherends only. The 

analysis and all comparisons are based on 

the characteristic values obtained from 

stress distributions as shown in Fig. 3.  

3.1. Adherend stiffness effect  

The effect of adherend stiffness on the peel 

and shear stress distributions is analysed in 

this sub-section. Two types of joint are 

considered: M-M and C-C. The results are 

obtained for four different stacking 

sequences of laminates: unidirectional 

[08]T or [908]T; quasi-isotropic with the 

lay-up [0/45/90/− 45]S or [90/45/0/− 45]S.  

3.1.1. Isotropic adherends, M-M  

In order to monitor the effect of the 

adherend stiffness on the peel and shear 

stress distributions, an isotropic adherend 

material (M-M joint) is considered by 

assuming three arbitrary values of stiffness 

E = 140, 70 and 35 GPa (with the 

Poisson’s ratio v = 0.33), while shear 

modulus is calculated G = E/2(1 + v). As 

seen in Fig. 4 the stress distributions at 

opposite ends of the overlap are 

completely different, unlike what was 

observed for SLJ in [19]. The peel stress 

concentration at the overlap end (X = 100) 

and the peak value of compressive stress 

next to it are reduced with increase of the 

adherend stiffness. The same effect  is 

detected at the opposite end at (X = 100) 

but with different values of stresses (this is 

in agreement with results presented in [9]). 

Likewise, the shear stress concentration 

and plateau region is reduced with increase 

of the adherend stiffness (this also agrees 
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with results presented in [9]). This 

behaviour is the same for SLJ in [19] 

except for unsymmetrical shear stress 

distribution relative to the middle of 

adhesive layer at (X = 0). 

3.1.2. Effect of ply stacking sequence in 

composite adherend 

The comparison is made between 

behaviour of UD and QI laminates as 

adherend to evaluate the effect of different  

 ply stacking sequence on the stress 

distribution in the adhesive. In Fig. 5 the 

results for CF composite [CF/A/CF] show 

that there is a major effect of the stacking 

sequence on stress distributions in the 

adhesive. The highest concentration of 

tensile and compressive peel stress is 

detected for the CF-UD- 90 composite (at 

X = 100 and X = 100 respectively). 

The highest compressive peak stress value 

with shorter depth of stress perturbation in 

peel and longest plateau region in shear 

stress is also observed for the CF-UD-90 

laminate. On the other hand, the lowest 

value of tension and compression stress is 

obtained for the CF-UD-0 laminate at both 

overlap ends (X = 100 and X = 100, 

respectively). The lowest shear stress 

concentration and shortest plateau region 

is observed for this laminate. This result is 

in line with data presented in Section 

3.1.1, since longitudinal 0-layer has the 

highest stiffness while transverse 90-layer 

has the lowest one. 

In case of QI, both lay-ups have the same 

stiffness globally but different stiffness 

locally with respect to adhesive layer and 

these stacking sequences give different 

values in peel and shear stress 

concentration. The peel stress 

concentration is reduced when stiff 0- 

layer is next to the adhesive layer whereas 

stress increases when softer 90-layer is 

located there. Moreover, swapping 0-layer 

by 90-layer within the QI laminate results 

in longer plateau region in peel and shear 
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stress with higher compressive peak stress 

at the end of the overlap. These results 

prove that the stress distribution in the 

adhesive layer can be improved (reduce 

the peel stress concentration and increase 

the plateau region) by changing the fibre 

orientation (and resulting stiffness) in plies 

next to the adhesive layer. 

The same trends are observed for the GF 

composite [GF/A/GF] as shown in the Fig. 

6.

 

4. Conclusions 

The analysis of stress distributions in the 

adhesive layer of DLJ with various 

parameters and different assembly 

strategies to manufacture the joint are led 

to the following conclusion: 

• the maximum peel stress concentration at 

the overlap end (next to outer plate corner) 

and the peak value of compressive stress 

next to it are reduced with increase of the 

axial modulus of the adherend; 

• the value of compressive stress at the 

overlap end (next to inner plate corner) 

mostly depends on the out-of-plane 

(thickness direction) modulus of adherend. 

If it is more compliant compressive 

stresses are lower; • the shear stress 

concentration at the overlap ends and the 

plateau region are reduced with the 

increase of the axial modulus of the 

adherend; 

• in case of composite adherends, the 

highest peel stress concentration among all 

composites is detected for the CF-UD-90 
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laminate, while the lowest peel stress value 

is obtained for the CF-UD-0 laminate at 

both overlap ends (tensile and compressive 

zone); 

• out of all composites laminates, the 

lowest shear stress concentration with 

shortest plateau region is observed for the 

CF-UD-0, while the highest shear stress 

concentration with longest plateau region 

is observed for the CF-UD-90. 

• the maximum compressive peel stress 

decreases and the maximum shear stress 

increases as the ratio of (a/tso) is reduced; 

• the stress concentration in QI laminate is 

very significantly reduced by swapping 0-

layer by 90-layer in case when RTS are 

accounted for;  

• a very small effect of RTS can be 

observed on shear stress concentration in 

both manufacturing processes (1S and 2S), 

while the peel stress concentration at the 

tensile zone is reduced by ~30% and the 

peel stress concentration at the 

compressive zone is increased by ~300% 

in case of manufacturing the joint in 1S. 
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