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The influence of the mechanical properties of the adhesive on the stress distribution in the polyurethane film laminated 
leather layers was investigated. The finite elements method was used for the 3-D model evaluation. Laminate models 
consisted of three layers: split leather, adhesive film and polyurethane film. The elastic modulus of adhesive layer was 
varied from 40 MPa up to 110 MPa. The models were loaded in two different ways, i.e. constant strain of 3 % and 
constant force of 100 N. The relationships of adhesive elastic modulus and principal stress in the layers of the laminate 
on the loading condition of constant strain or constant force were obtained. The results showed that the increase of 
adhesive elastic modulus increases stress only in the adhesive layer of laminate. In the case of loading by constant force 
it was obtained that the increase of adhesive elastic modulus increases stresses in its layer and insignificantly decreases 
stresses of split leather and microporous polyurethane layers. Layers orientation also influences the deformability and 
stress distribution of the laminate. The highest deformability was reached as each split leather or PU film were orientated 
in the direction of the lowest elastic modulus. 
Keywords: laminated leather, elastic modulus, stress, strain, finite element analysis, modelling. 

 
INTRODUCTION∗ 

A wide variety of polymer coated materials is used in 
clothing and footwear industry. Frequently it is crucial to 
match quite different properties in such systems. It is 
preferred that the materials allow the transfer of 
perspiration vapour and at the same time blocked the entry 
of liquid water, had high elastic, thermoinsulational 
properties and high resistance to other external effects. The 
laminated leather combines all these properties. Such 
leather consists of the layer of split leather coated with 
microporous film. These two layers are bonded using a 
thin layer of adhesive (Fig. 1).  
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Fig. 1. Laminated leather: 1 – split leather, 2 – adhesive, 3 – 

microporous PU film  

The stress-strain behaviour of such laminated leather 
can be influenced by the appearance of the highly stressed 
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regions at the interface of different nature and properties 
materials layers. Due to this, the stress concentration at the 
interface may lead to crack formation and propagation [2]. 

Plenty of various experiments were carried out in 
which mechanical properties of polymeric films [3 – 5] and 
different kinds of leather were investigated [6 – 10]. It was 
obtained that the leather backing mainly influences 
mechanical behaviour of the hybrid system, while 
polymeric film – deformability [8, 9]. The influence of 
adhesive thickness, mechanical properties upon the 
mechanical behaviour of layered structure have been 
studied too [11 – 14]. However, the majority of these 
researches are not oriented to the soft polymer laminates 
investigation.  

It is also very important to determine the location of 
highly stressed regions in the laminate and the stress values 
in all the layers of the system. This procedure is quite 
complicated using regular experimental methods but this 
problem can be easily solved by the finite elements 
analysis (FEA). The FEA is increasingly being used since 
it has proven to be effective a tool for obtaining either 2-D 
or 3-D stress and strain distributions along the loaded and 
bonded structure [2 – 11, 15 – 18]. Another advantage of 
numerical analysis application is that this method may also 
be applied for the determination of internal stress values in 
each layer under different loading conditions.  

The goal of this study was to determine the influence 
of the adhesive mechanical properties and layers 
orientation on the mechanical behaviour of the soft 
polymer laminates. 

EXPERIMENTAL 
Laminated leather was used in the studies. Such 

leather is obtained by hot pressing of microporous 
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polyurethane membrane to split the leather surface. 
Typical view of the investigated structure is given in 
Fig. 1.The bonding of the layers is performed using water-
born polyurethane adhesive. The mechanical properties of 
the separate layers are presented in Table 1. The elastic 
modulus of the adhesive layer varied from 40 MPa up to 
110 MPa. 

Table 1. Mechanical properties of laminated leather layers 

Elastic modulus 
Layer Thickness,  

mm EX, MPa EY, MPa 

Split leather 1.2 21.9 38.9 
Adhesive 0.2 40 – 110 40 – 110 

Microporous PU film 0.4 12.7 44.3 

Two different kinds of 3D models were applied in this 
study. One group of models was loaded by the constant 
force of 100 N, another – by the constant strain of 3 %. 
One end of the models was firmly fixed, i.e. all degrees of 
freedom were equal to zero, while another end was 
allowed to deform under tension at transversal directions. 
Length and width of the models were 50 mm × 34 mm, 
respectively (Fig. 2). The exact number of elements in each 
model was 425. 
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Fig. 2. Loading conditions of the models: a – constant force,  
b – constant strain, c – location of stress measuring 
(F = 100 N, n – number of elements in transversal 
direction, x – crossectional direction, y – longitudinal 
direction) 

The FEA was used to identify the influence of the 
adhesive layer elastic modulus and laminate layers 

orientation on mechanical behaviour of the laminated 
system. The analysis was performed by finite element code 
ANSYS, which allows to get the stress values in each 
layer. For this purpose multilayer 3D SHELL91 elements 
were used. After solving the problem maximum principal 
stress σ1 values were obtained (Fig. 2, c). 

As the split leather and microporous PU film are 
orthotropic materials, it was interesting to determine the 
influence of the layer orientation on the stress and strain 
distribution. For this purpose layer orientation angle of the 
split leather and PU film was changed by step of  θ = 15°. 
The longitudinal axis was assumed as the countdown 
position for rotation. The split leather orientation was 
changed in the model A and PU film – in model B  
(Fig. 3). 
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Fig. 3. Layer orientation: 1 – split leather, 2 – adhesive, 3 – PU 

film, θ – layer orientation angle 

RESULTS AND DISCUSSIONS 
The influence of the adhesive elastic modulus E on the 

maximum principal stress in each layer of the soft laminate 
at constant strain is presented in Fig. 4.  
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Fig. 4. The influence of the elastic modulus E of adhesive on 

principal stress σ1 distribution in the layers of the 
laminate at constant strain: 1 – split leather, 2 – adhesive 
layer, 3 – microporous PU film 

This investigation showed that the increase of elastic 
modulus of the adhesive layer significantly increased the 
stress values in the adhesive layer. About 2.7 times higher 
elastic modulus E caused 3 times higher stress values in 
the adhesive layer. It may be explained by the linear stress 
dependence upon elastic modulus in the case of loading 
within the limits of Hook’s low validity. As it was 
expected, the change of adhesive elastic modulus has no 
influence on the stress of split leather and PU film as the 
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loading mode under axial tension is the constant strain 
(Fig. 4, curve 1, 3). From the layered composite mechanics 
it is known [19] that in this case the stress changes can 
occur only in the layer which elastic modulus varies.  

After loading the model by constant force of 100 N, 
another effect on the adhesive layer stress was achieved 
(Fig. 5). As in the case of constant strain loading, the 
increase of adhesive elastic modulus also causes the 
increase of adhesive stress values. On the other hand, the 
decrease of stress of both the split leather and PU film 
layers was observed. Maximum principal stress of split 
leather decreases by 12 %, while in PU film stress decrease 
of 10 % was observed. 
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Fig. 5. The influence of the elastic modulus E of adhesive on 

principal stress σ1 distribution in the layers at constant 
force: 1 – split leather, 2 – adhesive layer, 3 – micro-
porous PU film 

This can be explained by 20 % of strain decrease at 
110 MPa E value compared with the strain value at 
40 MPa (Fig. 6). As the total stiffness of the model is 
higher, the system is deformed at lower degree at the same 
loading condition. Lower strain causes lower stress values.  
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Fig. 6. The influence of the elastic modulus E of adhesive on total 

strain ε1 of the laminate 

The influence of split leather and PU film orientation 
angle upon the principal stress of split leather, adhesive, 
and microporous PU film is presented in Fig. 7 and Fig. 8, 
respectively. 

As it is known, the orthotropic layer orientation 
influences on the stress and strain values of the system. It 
was found that changes of both, split leather or PU film 
orientation cause the stress decrease in the layer to be 
rotated. The highest decrease is obtained as the layer is 

orientated at θ = 90°. In this case the orientation of the split 
leather layer by 90° causes the stress decrease in 37 %. The 
opposite effect was obtained in the other layers, i.e. 
adhesive and PU film. The stress increases by 47 % and 
40 %, respectively, compared to that of the stress values of 
the orientation at 0°.  

Changes of the orientation angle of PU film also cause 
its stress decrease of 63 %. In this case the opposite effect, 
stress increase, was obtained in split leather and adhesive 
layers. The change of stress values was equal to 48 % in 
the adhesive layer and to 46 % in PU film (Fig. 8).  
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Fig. 7. The influence of split leather layer orientation upon 

principal stress σ1: 1 – split leather, 2 – adhesive layer,  
3 – microporous PU film 
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Fig. 8. The influence of PU film layer orientation upon principal 

stress σ1: 1 – split leather, 2 – adhesive layer, 3 – micro-
porous PU film  

It can be seen that the orientation of both split leather 
and PU film layers up to 90° reduces the system stiffness 
(Fig. 9). The system obtains higher deformation capability. 
Orientation of split leather layer at 90° causes almost 30 % 
higher total strain. Though PU film has a lower elastic 
modulus in the transversal direction, it has 1/3 lower 
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thickness than split leather. Thus, the influence of PU film 
orientation is significant. This fact explains why PU film 
orientation by 90° increases strain by only 22 %.  
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Fig. 9. The split leather (1) and PU film (2) layer orientation 

influence on total strain ε1 

CONCLUSIONS 
Finite element simulation is efficient method to study 

the influence of the adhesive mechanical properties on 
stress distribution in laminated leather layers. The 
relationships of adhesive elastic modulus and principal 
stress in the layers of the laminate at the loading of 
constant strain and constant force were obtained.  

The increase of adhesive elastic modulus increases the 
stress only in adhesive layer of laminate in case of constant 
strain. The increase of adhesive elastic modulus increases 
the adhesive stress and insignificantly decreases stress of 
split leather and microporous polyurethane layers when 
loading condition of constant force is used. 

Orientation of the layers influences the deformability 
and stress distribution in the laminate. The highest 
deformability is reached as either split leather or PU film is 
orientated in the direction of the lowest elastic modulus. 

REFERENCES 

1. Jankauskaitė, V., Strazdienė, E., Laukaitienė, A. Stress 
Distribution in Polymeric Film Laminated Leather under 
Biaxial Loading Proceedings of Estonian Academy of 
Sciences (Engineering)   12 (2)   2006:  pp. 111 – 124. 

2. Anderson, T. L. Fracture Mechanics: Fundamentals and 
Applications. Boca Raton [etc.], CRC Press, 1991: 793 p. 

3. Guillemenet, J., Bistac, S., Schultz, J. Relationship 
between Polymer Viscoelastic Properties and Adhesive 
Behaviour   International Journal of Adhesion & Adhesives 
22   2002:  pp. 1 – 5. 

4. Fried, J. R. Polymer Science and Technology. New York, 
Prentice Hall, 1995. 

5. Coatings Technology Handbook, 2nd ed. Ed. by D. Satas, 
A. A .Tracton. New York, Marcel Dekker Inc., 2001: 902 p. 

6. Vélez-Pagés, T., Martín-Martínez, J. M. Application of 
One-component Primer to Avoid the Roughening of Leather 
and Increase its Adhesion to Polyurethane Adhesive. 
International Journal of Adhesion and Adhesives   25 (4) 
2005:  pp. 320 – 328. 

7. Thorstensen, T. C. Practical Leather Technology. 4th ed. 
New York, Shoe Trade Publishing, 1993: 340 p. 

8. Milašienė, D., Jankauskaitė, V., Arcišauskaitė, R. 
Prediction of Stress Relaxation in Laminated Leather Layers   
Materials Science (Medžiagotyra)   9 (1)   2003: pp. 73 – 79. 

9. Milašienė, D., Jankauskaitė, V. Comparable Evaluation of 
Methods for Stress Relaxation Prediction in Leather  
Mechanika   42 (4)   2003:  pp. 11 – 18. 

10. Gulbinienė, A., Jankauskaitė, V., Mickus, K. V. Effect of 
Leather Finishing Technology on Water Vapour 
Transmission. Part II. Water Vapour Transfer through 
Microporous Film Laminated Leather   Materials Science 
(Medžiagotyra)   10 (3)   2004:  pp. 249 – 254. 

11. Li, G., Lee-Sullivan, P., Thring, R. W. Nonlinear Finite 
Element Analysis of Stress and Strain Distributions across 
the Adhesive Thickness in Composite Single-lap Joints 
Composite Structures   46   1999:  pp. 395 – 403. 

12. Gin-Boay, C., Leong-Keey, S., Lee-Soon, C. Stress 
Distribution in Sandwich Beams under Tension   Composite 
Structures   45   1999:  pp. 195 – 204. 

13. Ausiello, P., Apicella, A., Davidson, C. L. Effect of 
Adhesive Layer Properties on Stress Distribution in 
Composite Restorations—a 3D Finite Element Analysis 
Dental Material   18 (4)   2002:  pp. 295 – 303.  

14. He, X. S., Oyadiji, O. Influence of Adhesive Characteristics 
on the Transverse Free Vibration of Single Lap-jointed 
Cantilevered Beams   Journal of Materials Processing 
Technology   119 (1 – 3)   2001:  pp. 366 – 373. 

15. Wooley, G. R, Carver, D. R. Stress Concentration Factors 
for Bonded Lap Joints   Aircraft   8   1971:  pp. 817 – 820. 

16. Crocombe, A. D, Adams, R. D. Influence of the Spew 
Fillet and Other Parameters on the Stress Distribution in the 
Single-lap Joint   Adhesion   13   1981: pp. 141 – 155. 

17. Harris, J. A., Adams, R. D. Strength Prediction of Bonded 
Single-lap Joints by Non-linear Finite Element Methods 
International Journal of Adhesion and Adhesives   4   1984: 
pp. 65 – 78. 

18. Tsai, M. Y, Morton, J. Three-dimensional Deformations in 
a Single-lap Joint   Strain Analysis   29   1994:  pp. 137 – 45.  

19. Fracture Mechanics Testing Methods for Polymers 
Adhesives and Composites. Editors: D. R. Moore [et al.]. 
Amsterdam, Elsevier, 2001: 375 p. 

 



DOI: 10.5755/j02.ms.26282


