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Mechanical behavior of skin tissue is described as 

heterogeneous, anisotropic, nonlinear and viscoelastic 

because of its nonhomogeneous, complex structure. 

This paper reports the study stress relaxation behavior 

of fresh porcine tissue skin for different strain levels 

(5%, 10% and 15%). The samples were taken parallel 

and perpendicular to the long axis of the pig’s body, 

from dorsal area. The tensile test of skin samples was 

carried out to characterize mechanical parameters of 

-

directions of sampling influenced the viscoelastic 

properties. The perpendicular samples achieved the 

0.3 MPa in 30 s, at 10% strain of about 1.1 MPa in 60 s  

reached by the parallel sample for 5% strain was 

0.3 MPa in 30 s, at 10% strain was 0.4 MPa in 60 s, 

relaxation for different levels of strain. The time of re-

laxation for parallel/perpendicular samples for different 

 

the mathematical modeling mechanical behavior of 

porcine skin tissue.

Keywords: skin, viscoelasticity, stress relaxation, 

mechanical properties 

 

The human skin is a complex tissue which consists of 
several heterogeneous layers: the epidermis, the dermis, 
and the hypodermis. Each layer has a unique structure 
and function [1-3]. The epidermis consists of cells and 
cellular debris; the dermis consists mostly of protein 

hypodermis is primarily made up of connective tissue 
and fat lobules [4]. The skin subjected to stress behaves 
like a non-homogeneous, anisotropic, and non-linear 
viscoelastic material [2,4]. A typical stress-strain graph for 
the skin presents non-linear characteristics. It comprises 
three phases. In the initial loading phase, the collagen 
fibers are woven into a rhombic-shaped pattern. High 
deformations of the skin occur at a relatively low applied load.  

are mainly responsible for the stretching mechanism.  
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konstytutywny model, po raz pierwszy wykorzystany przez 

-

kiej w wielu badaniach naukowych [14]. W artykule opisano 

-

-

 

-

-

 

-

-

 

-

skanych w procesie relaksacji wykorzystano model QLV [12].

-

(1)

                                G(0) = 1                               (2)

max

p -

G(t) =
max

The stress-strain relation is approximately linear and the 
elastic modulus of the skin in this phase is low. In the 
second phase of stretching, the stiffness of the skin gradually 

direction of the applied load. At a high tensile stress, the 

straighter. They are primarily aligned one in respect to 
another and in the direction in which the load is applied.  

the tissue becomes stiff at higher stresses. The stress-strain 
relation becomes linear again. In the third phase, the ultimate 

[4-6]. The literature review shows that the biomechanical 
properties of skin have been measured by both in vivo and 
in vitro tests [2-4]. In the literature, the Young’s modulus of 

tensile strength between 2.5 and 16 MPa [7,9], elongation 
at break between 30 and 100% [7,8]. 

The viscoelastic behavior of skin tissue can be 

that results in a certain degree of tissue elongation, which 
is held constant for a certain period of time, after which, 
the tension within the tissue is measured. The initial stress 
generated decreases with time (stress relaxation). Another 
viscoelastic property of skin is creep, demonstrated by the 

the tissue increases with time [10-12]. One of the methods 
to characterize stress relaxation behavior of soft tissue 

used by Fung [13]. The QLV model is an adaptation of 
linear viscoelasticity model that is appropriate for nonlinear 
materials, such as skin tissue [12].

The porcine skin is a well-established replacement 

investigates the stress relaxation of porcine skin tissue in 
the respect to the specimens taken direction for three strain 
levels and adaptation of the experimental data using quasi-
linear viscoelastic model.

The samples of fresh skin were taken from the dorsal 
region of a pig in two directions with respect to the long 
axis of the animal body: parallel and perpendicular.  
All samples had the same dimensions: the length 100 mm 
and the width 10 mm. The average thickness was equal to 
2.2 ±0.2 mm. The mechanical properties under static tension 
(modulus of elasticity, tensile strength) and relaxation tests 
were determined with the use of the MTS Insight 50 testing 

and they were extended at the speed of 5 mm/min under 
ambient temperature (5 samples for the each direction). 
The measurement base of the sample was 50 mm.  
With stress relaxation tests, each sample (3 for every test) 
was preloaded with 2 N and then loaded to different strains 
(5%, 10%, 15%) to observe its effects on stress relaxing 

data during the relaxation process [12]. 
The QLV constitutive model and the normalized stress 

function were investigated in this study also. The normalized 
stress function is described as:

    (1)

                                 G(0) = 1    (2)

max is the initial stress, 
amplitude at t = tp  corresponding to the maximum stress. 

G(t) =
max
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The time-dependent mechanical behavior of soft tissues 

    (4)

where          is the temporary elastic response, and 
         is the time-dependent strain of the sample. The reduced 
relaxation function is given as:

                G(t) = ae-bt + ce-dt + ge-ht                      (5)
where a, b, c, d, g, h are constants, which could be 

determined from experimental data. An exponential function 
which has been often used to describe the nonlinear elastic 
behavior of skin tissue can be given as:

e  – 1)                             (6)
where A is a linear parameter which has the same 

dimension as stress, and B is non-dimensional factor 
describing the nonlinearity of elastic response.

The optimization procedure was performed by using 

tissue. 

Preliminary uniaxial tensile tests were conducted to 
characterize the basic properties (modulus of elasticity, 
tensile strength) of the tissue samples (TABLE 1).  
The recorded stress-strain curves of test samples contain 
three characteristic areas of the skin tissue, as discussed 

lasting up to approx. 25% of the stain, a large deformation 
can be seen at a relatively low stress level. Characteristics 
of stress-strain in this step is approximately linear. In the 
second stage of elongation (25-60% strain), the rigidity  
of the material increases, and another area of the linear 
stress-strain curve occurs. In the third stage, when the 
strength is exceeded the sample is destroyed. While 
comparing the obtained test results to the results presented 
in the literature, great differences in the determined values 
of the strength parameters can be noticed. They result 
from the biological variety among animals, the sensitivity 
of biological tissues to sample test and storage conditions, 
problems with obtaining samples of identical dimensions 
(e.g. various thicknesses), as well as from the anisotropic 
character of skin [14].

Relaxation tests showed that a fast relaxation was 
observed immediately after the strain was applied, followed 

in time, depended on strain level and the direction of 
specimens taken. 

e(t)

e(t)

Direction of samples taken Young’s modulus [MPa] Tensile strength [MPa] Elongation at break [mm]

11.5 ±2.5 11.4 ±1.4 21.3 ±1.1

19.0 ±2.1 13.0 ±1.7 34.4 ±4.7
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w 90 s (TABELA 2).

viscoelastic properties. At 5% strain relaxation curves for 
both specimens from both directions are similar (FIG. 2). 
The difference between parallel and perpendicular samples 
can be seen at strains of 10 and 15% (FIG. 3 and 4).  
The relaxation time, initial stress and time of decreasing 
stress below value of prestress was higher for perpendicular 
samples at two higher strains levels (TABLE 2).

For the perpendicular samples the relaxation curves at 
strains of 5% and 10% showed a similar trend of relaxation 
while the curve at strain of 15% showed a relatively rapid 
relaxation from the time 90 s to about 500 s of the test. 
But after that time relaxation curve at 15% strain looked 
similar to stress relaxation curves at the 5 and 10% strain. 
The perpendicular samples achieved the following levels of 
initial stress: for 5% strain of about 0.3 MPa for 30 s at 10% 
strain of about 1.1 MPa for 60 s, and at 15% strain 2.3 MPa 
for 90 s (TABLE 2).
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For the parallel samples the tendency for stress relaxa-

tion of the sample corresponding to a 15% strain was similar 

for perpendicular samples. The initial stress is reached by 

the sample for 5% strain is 0.3 MPa for 30 s at 10% strain 

of 0.4 MPa for 60 s, and for 15% strain reached a value of 

1 MPa for 90 s.

The normalized stress relaxations for the samples 

taken in two directions exhibit the different behavior. For 

perpendicular samples a fast relaxation at 15% strain was 

observed immediately after the strain was applied, followed 

 

a slight relaxation till the equilibrium state 5000 s (FIG. 5). 

For parallel samples a fast relaxation at 15% strain was 

also observed immediately after the strain was applied, 

but it followed by a moderate relaxation until 2500-4500 s 

 

(FIG. 6). All of the samples decayed to normalized stress 

of approximately 0.2 MPa.

Liu et. al tested relaxation of porcine skin tissue at the 
same strains. For parallel samples, at both 5% and 10% 
strains, a normalized stress decayed to approximately  
0.6 MPa, whereas at 15% strain decayed to approximately 
0.4 MPa. Perpendicular samples of 5% and 10% strains 
relaxed to just above a normalized stress of 0.6 MPa, 
and the 15% strain of samples relaxed to below 0.2 MPa.  
The differences between results are mainly due to the 
biological nature of the tested material and other conditions 
of storage and conditioning of the specimens.

Direction of sample taken
Strain 

[%]
Initial stress 

0 [MPa]
Time of decreasing stress 

below value of prestress [s]

Czas relaksacji
Relaxation time 

[s]

5 0.3 1 329 100

5 0.3 849 95

10 1.1 8 508 150

10 0.4 3 823 110

15 2.3 61 930 1600

15 1.0 25 895 1000
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w TABELI 3.

Results of QLV model calculation for perpendicular 

relaxation data (FIG. 7). The QVL model is suitable to 
describe the elastic and viscous components of the skin 

with 15% strain and for comparison results of Liu et al. are 
shown in TABLE 3.

Direction of sample taken /
Strain

A B a b c d g h

perpendicular /15%
0.453 0.088 1.31447 0.21733 0.18186 0.008 0.00043 0.000019

perpendicular /15% [12]
0.6514 0.839 1.483 0.1787 0.5766 0.0006 0.7228 0.01399

-

-

-

-

In the study, the results of investigation of stress relaxa-

tion process for porcine samples taken in two directions 

were presented. The results showed that direction of skin 

has similar stress relaxation behavior at two lower strains 

but samples with 15% strain show much slower stress 

skin on relaxation process has been observed for two lev-

els of strain: 10 and 15%. The perpendicular samples had 

higher relaxation time. 

Explanation of the observed differences in the relaxation 

process of parallel and perpendicular samples requires 

further investigation. The observed differences may be 

affected by several factors: changes in the structure of the 

value of the applied strain, the phenomena of relaxation of 

the individual structural elements of the skin, e.g. collagen 

and matrix [11].
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poddawana badaniom in vitro lub in vivo [1,4,15]. Model 

 

statutowej M-1/6/2014/DS.

Such investigations in porcine models deliver the primary 
information of closing a wound without tension. The basic 

The animal skin is used for qualitative measurements 
of tissue and creating stress relaxation models, but for 
analyzing mechanical material parameters human skin  
in vitro or in vivo is required [1,4,15]. The QLV model can 
be used to model stress relaxation process of skin tissue.

The work was realized due to statutory activities 

M-1/6/2014/DS.
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