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A B S T R A C T  
 

 

Nowadays there are an increasing number of industrial fields in which adhesive technology finds 

application. The main reason for their growing interest in both science and production is due to the high 
structural efficiency of this type of joining. Numerous studies have investigated the stress distribution in 

the adhesive layer under unreinforced conditions. The present work analyzes the elastic shear stress 

distribution in double-lap adhesive joints between timber and float glass adherends, both in the classical 
configuration and with an introduction of a nylon reinforcement in the two-component (2K) structural 

epoxy adhesives layers. In particular, three geometric configurations were investigated: nylon placed on 

the inner adherend, outer adherend and both. The result showed how the presence of the nylon inclusion 
changes the stress distribution in the joint. Numerical modelling of the joints was carried out using FE 

ANSYS©19 software. The greatest reduction in peak adhesive stresses is achieved by placing the 

reinforcement at both interfaces of the adherends with the adhesives. In general, it can be observed that 

the insertion of the reinforcement layer leads to a reduction in peak shear stresses, resulting in a potential 

increase in the ultimate strength of the joint.  

doi: 10.5829/ije.2023.36.01a.05 
 

 

NOMENCLATURE 

EPX1 First epoxy adhesive ρ Density (kg/m3) 

EPX2 Second epoxy adhesive 𝝂 Poisson ratio (-) 

URM Unreinforced model E Young Modulus (MPa) 

RM-G Reinforced model with nylon on glass surfaces RM-GT Reinforced model with nylon on glass and timber surfaces 

RM-T Reinforced model with nylon on timber surfaces   

 
1. INTRODUCTION1 
 
Adhesive joints allow dissimilar materials to be joined 

together, resulting in structures with high mechanical 

performance and characterised by lightweight properties 

[1-3]. 

In numerous industrial applications (e.g., automotive 

[4], naval [5] and aerospace [6]), these characteristics are 

fundamental and therefore adhesive technology takes a 

preferential role over traditional joining methods, such as 

bolted or riveted joints [7-9]. 

Some of the most studied adhesive joints are single-

lap (SLJ) and double-lap (DLJ) types [10-12]; both types 

are used to study adhesive shear joint behaviour [13]. 

 

*Corresponding Author Institutional Email: 
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Single-lap joints can join two dissimilar adherends and 

are usually designed to tensile strength to failure [14]; 

however, misalignment of the adherends with respect to 

the line of application of the load leads to the occurrence 

of bending moments that may cause the joint failure, as 

demonstrated in literature [15-17]. 

In contrast, double-lap joints overcome the bending 

moment problem due to its symmetrical geometry, as 

noted by Marchione [18]. Therefore, this type of joint is 

more suitable for studying the distribution of shear 

stresses. 

Gaudenzi et al. [19] conducted an experimental 

campaign to investigate the presence of delamination 

induced in plastic-reinforced carbon fibre plates by low- 
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Figure 1. Double-lap adhesive joint, plan and section view (measures in mm) 

 

 

velocity impacts. The results show the effectiveness of 

the SHM routine developed when a reduced number of 

sensors is desirable or mandatory. 

Hu et al. [20] investigated the effect of non-woven 

carbon fabric (NWCT) composite adhesive layer on the 

bond strength and single-lap (SLJ) aluminium alloy 

joints. Wang et al. [21] investigated a simple method to 

apply and distribute multi-walled carbon nanotubes on 

sandblasted steel substrates. Kilik and Davies [22] 

studied the effect of introducing steel powder particles 

into the adhesive layer. The introduction of aluminium 

powder generally resulted in an increase in the static 

performance of the joints. The dynamic behaviour of the 

joints was experimentally analyzed and a better 

performance of copper powder than aluminium powder 

was observed. 

The study of the vibrational behaviour of the double-

lap adhesive joint was carried out by Marchione [23]. The 

influence of the elastic modulus and the density of 

adherends on the frequency for the various vibration 

modes was observed. In contrast, the presence of defects 

does not significantly influence the joint frequency. 

Further studies by the same author [24-26] have been 

investigated the potential of structural adhesives through 

analytical and numerical analyses. 

As current research is oriented towards the study of 

new adhesive joint reinforcement techniques, and as 

stress measurement technologies often require the 

insertion of an outer layer into the adhesive joint, this 

paper analyzes the influence of the interposition of an 

intermediate adhesive layer. In particular, an FE study is 

conducted comparing the effect of the introduction of a 

P6 nylon layer in double-lap joints between mahogany 

adherends, further investigating experimental results 

obtained by the same author [27]. 
 

 

2. FINITE ELEMENT ANALYSIS 
 
The present study investigates the stress state of a double-

lap adhesive joint. The application of the present study is 

aimed at the industrial production of building 

components characterised by adhesive joints between 

timber and glass adherends. Since in their service life the 

stresses must remain in the elastic range in such elements, 

the plastic phase behaviour of the materials is not the 

subject of this study. The geometry of the joint 

considered is shown in Figure 1. 

The inner clings are made of mahogany and have 

dimensions of 140 mm × 25.40 mm × 5 mm, representing 

its length, width and thickness, respectively. The outer 

adherends are made of transparent float glass and have 

the same geometric characteristics as the inner adherend. 

The bonding area has the dimensions of 12.70 mm × 

25.40 mm, with a thickness of 0.30 mm. 

3D modelling using the commercial software 

ANSYS©19 was used for the simulation. The model is 

meshed with PLANE 182, a 4-node structural solid and a 

base element size of 0.10 mm. The analyzed joints are 

made of Sapelly mahogany adherends and different 

adhesives (two epoxies). The same boundary conditions 

have been applied to all the configurations considered. 

The surfaces at the ends of fixed adherend are fixed with 

all DOF constrained (U1=U2=UR1 = UR2 = 0). The 
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joints were loaded with a constant load of 2 kN on the 

inner timber adherend which is in the elastic range for the 

joints considered, as experimented and reported in 

literture [27]. 

The results are plotted on the midplane of the 

adhesive layer. The mechanical and physical 

characteristics of the adherends and adhesives are shown 

in Tables 1 and 2, respectively. 

 

 

3. RESULTS AND DISCUSSION 
 
This section reports the results obtained from the 

numerical analysis of double-lap adhesive joints 

reinforced with nylon fabric in different configurations. 

Figure 2 illustrates the stress distribution in unreinforced 

joints assembled with EPX1 epoxy adhesive. Figure 3 

illustrates the stress distribution for unreinforced joints 

assembled with EPX2 adhesive. 

The EPX1 adhesive shows a higher peak tension of 

8.18 MPa, located at the end of the joint close to the load 

application. The higher stress intensity compared to 

EPX2 adhesive (+18%) is due to the higher stiffness of 

EPX1 adhesive (3000 MPa). 

Figures 4-9 show the stress trends for the different 

reinforcement configurations, i.e. for the different 

positions of the nylon fabric in relation to the inner and 

outer adherends. 

The placement of the nylon reinforcement near the 

interface between the adhesive and the timber adherends 

results in an intermediate reduction in peak stresses 

compared to other reinforced configurations. 

 

 
TABLE 1. Adherends characteristics for the FE model 

Mahogany timber 

Et [MPa] ρ [N/m3] 𝝂 [-] 

11000 7800 0.30 

Float glass 

Et [MPa] ρ [N/m3] 𝝂 [-] 

75000 24000 0.30 

 

 

TABLE 2. Adhesive’s characteristics for the FE model 

EPX 1 

E [MPa] 𝝂 [-] 

3.00 0.35 

EPX 2 

E [MPa] 𝝂 [-] 

1.50 0.35 

 

 
Figure 2. Shear stress distribution in the unreinforced joint, 

assembled with EPX1 adhesive 

 

 

 
Figure 3. Shear stress distribution in the unreinforced joint, 

assembled with EPX2 adhesive  
 

 

 
Figure 4. Shear stress distribution in the joint reinforced 

with nylon on timber surfaces, assembled with EPX1 

adhesive 
 

 

The introduction of the reinforcement on the glass 

surfaces results in a significant reduction in peak 

tensions, equalising the general trend. 
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Figure 5. Shear stress distribution in the joint reinforced 

with nylon on timber surfaces, assembled with EPX2 

adhesive  
 

 

 
Figure 6. Shear stress distribution in the joint reinforced 

with nylon on glass surfaces, assembled with EPX1 adhesive 

 

 

 
Figure 7. Shear stress distribution in the joint reinforced 

with nylon on glass surfaces, assembled with EPX2 adhesive  
 

 

The greatest effect is obtained by placing the 

reinforcement in a double configuration, i.e., on both the 

glass and the mahogany adhesion. In this case, the tension  

 
Figure 8. Shear stress distribution in the joint reinforced 

with nylon on both timber and glass surfaces, assembled 

with EPX1 adhesive 

 

 

 
Figure 9. Shear stress distribution in the joint reinforced 

with nylon on both timber and glass surfaces, assembled 

with EPX2 adhesive 

 

 
peaks are significantly reduced (on average -2 MPa) 

compared to the unreinforced configuration. 

This reinforcement method reduces the internal 

tension peaks under the same load, potentially increasing 

the ultimate strength of the adhesive layer. However, this 

change results in one or more potential new creep and 

crisis surfaces of the joint. Therefore, there is not always 

a beneficial effect on the overall behaviour of the joint. 

Figure 10 illustrates the peak trends for the various 

configurations considered. 

It is observed that the best effect is obtained by the double 

reinforcement, with the greatest reduction in stress peaks, 

due to an increase in deformability of the adhesive layer. 

Among the single reinforcements (i.e., applied either on 

the glass or on the mahogany adherends), the greatest 

reduction is determined by the positioning of the 

reinforcement on the timber adherend (i.e., the loaded 

adherend). 
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Figure 10. Shear stress peaks in the adhesive layer, for each 

configuration considered 
 

 

4. CONCLUSIONS 
 
Adhesive joints allow dissimilar materials to be joined 

together to create resulting lightweight structures 

characterized by a more uniform stress distribution than 

traditional joining technologies. 

The present work numerically investigates the shear 

stress distribution within double-lap adhesive joints 

between wood and float glass adherends, assembled with 

two epoxy adhesives characterised by different elastic 

modulus. 

The results showed that: 

- The introduction of nylon reinforcement always 

results in a reduction of stress peaks at the end of 

the adhesive region, due to the increase in its 

deformability; 

- The reduction in stress intensity potentially leads to 

an increase in the overall strength of the adhesive 

joint; 

- Of the different reinforcement configurations 

investigated, the greatest reduction is that resulting 

from double reinforcement on both adherends; 

The introduction of the inclusive layer - or layers - 

into the adhesive may lead to the formation of 

additional failure interfaces and thus is prone to 

adhesive failure. 
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Persian Abstract 

 به یدیتول و یعلم حوزه دو هر به آنها روزافزون علاقه یاصل لیدل .هستند رشد حال در شهیهم کند، یم دایپ کاربرد آنها در چسب یفناور که یصنعت یها بخش امروز، به تا

 یها تنش روند کار نیا .است پرداخته مسلح  ریغ طیشرا در چسب هیلا در ها تنش ع یتوز یبررس به یمتعدد مطالعات  .است اتصالات  نوع ن یا یساختار یبالا ییکارا لیدل

 یساختار یاپوکس چسب هیلا در یلونینا کننده تیتقو کی یمعرف با هم و کیکلاس یکربندیپ در هم فلوت، شهیش و چوب  یها چسب نیب یدولاپ چسب اتصالات  در را یبرش

 جهینت  .دو هر  یرو و یخارج ،یداخل یچسبندگ  یرو بر  گرفته قرار لون ینا :گرفت قرار  یسبرر مورد یهندس یکربندیپ سه خاص، طور به .کند ی م لیتحل (2K) ییجز دو

 .شد انجام FE ANSYS © 19 افزار نرم  از استفاده با اتصالات  یعدد یساز مدل .شود یم اتصال در ها تنش عی توز رییتغ  باعث لونینا حضور چگونه که دهد یم نشان

 تیتقو هیلا دادن قرار  که گفت  توان یم  ی کل طور به  .دیآ یم دست  به ها  چسب با چسب مشترک  سطح  دو هر  در آرماتور  دادن ار قر با  چسب کیپ  کشش در کاهش ن یشتریب

 .شود یم اتصال یینها استحکام در بالقوه شیافزا جهینت  در و ی برش تنش یها کیپ کاهش به منجر کننده
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