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ARTICLE INFO Abstract

Uniaxial tensile measurements on low-density polyethylene film samples have been 
realized by mean of a mechanical device. The optical measurement of ink lines drawn on 
the top surface of the film at respective distances between each other, has contributed in 
the understanding in the way of how the film deforms when subjected to a stress. The films 
are tested in three different directions (0°, 45° and 90°). The results showed that relative 
elongation and true strain are greater in the 45° stretch followed by 90° then 0°. Also, it 
has been found that the deformation in the right side is more pronounced.  However, it 
should be noticed that the planes delimited by the marks remain uniform during the whole 
deformation meaning that the lines of ink remain parallel during the total duration of the 
experiment.
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Introduction

Polyethylene films produced by the Algerian plastics industry 
are mainly used for greenhouses covering. They are subjected to 
many mechanical stresses, such as creep in reason of the green-
house shape or to dynamic mechanical stresses such as those gen-
erated by the wind. The lifetime of these greenhouses is indeed 
dependent to the defects acquired during polymerization of the 
ethylene or during processing by blow extrusion [1,2]. It is more 
this last aspect that is in our interest since it is possible by mean 
of a mechanical device to see how the orientation acquired during 
processing can affect the response of the material subjected a me-
chanical solicitation. In fact, it is known that LDPE films has an 
anisotropic character due to the molecular chains orientation in the 
main processing directions [3,4]. The goal of this work is to check 
the orientation effect on the displacement plans of polyethylene 
film under controlled deformations by means of an extensometer 
realized in the laboratory and using a camera which follows the dis-
placement of drawn lines for defined extension rates. The full study  

 
would largely exceed the introduction scope of our study. However, 
only the methodology and the results with relation of the orienta-
tion dependence are presented in this work. 

Plans Deformation

The lateral contraction results for all the samples were obtained 
by using a mechanical device at room temperature. The apparatus 
is constituted by two clamps one is fixed and another movable. 
The moving part is monitored by concentric bars and the 
displacement of the mobile clamp is controlled by a screw. Both 
clamps are covered with rubber to help clamping and to prevent 
samples slippage during deformation. Rectangular samples of 
110mm×10mm were used for tests, with a calibrated portion of 
length L0 = 80mm, W0 = 10mm and thickness T0 = 0.16mm. They 
were cut directly from the LDPE films at one of tree angles, 0°, 45°, 
and 90° deformations, accordingly, corresponding to MD, TD/2, 
and TD respectively. Different marks are placed on the right and the 
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left of the middle of the sample to follow the material deformation 
by optical measurements. “ri” is defined as the distance between 
the middle and marks situated on the right of the middle sample. 
The distance “li” is the distance between the middle and the marks 
situated on the left of the middle sample. At a selected distance, a 
fixed camera is placed above the montage to keep the same test 
conditions for all the tests.

The picture resolution is set at its maximum (7.2mega pixel); 
this allows a maximum magnification for further treatment and for 
the calculations of the elongation and the deformation. The pictures 
obtained are treated then using MATLAB. Hence, the optical mea-
surements results are converted from pixel to millimeter. The use 
of this software allows a physical measurement with good accura-
cy. Samples are subjected to strain rates ranging from 0 to 50% of 
the initial length. The sketch of Figure 1 shows the marks motion 
measured on the photograph of a sample subjected to a mechanical 
stress under an overall strain rate of 8%. Figure 2 shows the photo-
graph of sample placed in the device before and after stress.

Figure 1: Sample subjected to a mechanical stress under 
an overall strain rate of 8% (initial distance between the 
drawn lines = 10mm).

Figure 2: Clamped sample in the device, 

a) Before deformation, 

b) After deformation.

We defined in this study the true strain as [5,6]:
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To optimize the accuracy of the measurements for each curve 
an average of 5 test pieces has been tested and this for all direc-
tions. Also, the curves presented in this work have been plotted 
with these average values. The standard deviation for each point 
around the average value never exceeded 5%. Relative true strain: 
Shown on Figure 3 at three orientations (0°, 45° and 90°) the vari-
ation of the relative true strains(ln 0

j
i id d   of the film planes sit-

uated on the right [ln 0
j

i ir r ]  and the left [ln 0
j

i il l )] for an overall 
strain rate “j” of 50% from its original length. As expected, these 
curves showed a distinct orientation dependence of the relative 
true strain. The growth of the curves for the three different distanc-
es (r and l) is almost linear. For the 0° stretch, the samples displayed 
almost the same true strain in both sides ε = 40% so it decreases 
by 5% in l2 and l3. 

Figure 3: Relative true strain versus strain rate. 

(a-c): Right side, 

(d-f): Left side for the LDPE films at three directions of 0°, 
45° and 90°.

For the 45° stretch, the film behaves similarly to the 0° with 
higher values, the difference is about of 10% in the different part 
of the specimen. The relative true elongations of the film for 90° 
stretch are similar in behavior to 0° and 45°deformation direction 
with intermediary rates except in “r2” and “l2” which rise to higher 
values at the end of test ~80% and 50% respectively. However, the 
deformations in the right side are more pronounced whatever the 
stretching direction is. However, the film planes deformation for all 
orientations can be illustrated by the following equation: 

     
( ) ( )

3

1 10 0 0
0

( ) / 100 / 3 / 100
i

jj n
i i
j

t d d L L Lε
=
=
=
=

 = ∆ × = − ×   ∑
  

(2)

Conclusion

By carrying out deformation studies on LDPE films having 
semi-crystalline morphology, the study of the polyethylene film 
deformation under controlled deformation rates is allowed. The 
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optical measurements carried out on samples with marks have re-
vealed that relative elongation and true strain are strongly depen-
dent on the angle of the deformations with respective the original 
orientation direction, they are greater in the 45° stretch followed by 
90° then 0°. Also, it has been found that the deformation in the right 
side is more pronounced.  However, it should be noticed that the 
planes delimited by the marks remain uniform during the whole 
deformation meaning that the lines of ink remain parallel during 
the total duration of the experiment.
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