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Abstract 
 

Waterproofing PVC membranes are widely applied as roofing materials. Under such operating conditions PVC 
membranes are open to aging under the influence of various environmental factors: air temperature and humidity, ultraviolet 
radiation, mechanical loads. The aim of the work is to study physical and mechanical properties taking into account the 
influence of typical aggressive influences and evaluation of the durability of PVC membranes used as roofing materials. 

The mechanism of destruction processes of polymers and polymer composites exposed to aging under the influence of 
temperature and humidity of air, ultraviolet radiation, mechanical loads is considered. The values of the strength characteristics 
and coefficients of linear thermal extension of PVC membranes are obtained taking into account the effect of UV radiation. 
When using PVC membranes as a roof coating, it is necessary to take into account the possibility of thermal extension under 
the influence of high temperatures and plasticity increase. 

The durability of PVC membranes was estimated without taking into account external atmospheric and climatic 
influences from the view of the thermofluctuation theory of the strength of solids. On the basis of the obtained values of 
physical constants the regularities are derived allowing us to predict the performance parameters of the material taking into 
account external influences at specified values of tension, temperature and operating time. 
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Introduction 

 
In recent years, waterproofing membranes based 

on polyvinyl chloride (PVC membranes) have been 
widely applied as roofing materials in the construction 
of large industrial buildings and pavilions of large-scale 
space [1]. Under such operating conditions PVC 
membranes are open to aging under the influence of 
various environmental factors: air temperature and 
humidity, ultraviolet radiation, mechanical loads and 
other impacts. 

The basis for predicting of the durability of 
polymeric materials presents the determination of the 
patterns of changes in their structure over time [2]. 
Under the influence of aggressive factors in polymeric 
materials the processes occur, accompanied by a 
change in their chemical and physical structures, as 
well as degradation of physical and mechanical 
properties [3]. 

Many scientists have been concerned with the 
problems of polymeric composites aging and predicted 
their longevity.  

In [4, 5], the magnitude of the tensile forces 
arising in waterproofing membranes as a result of wind 
pressure on the roof covering was determined. In low-
inclined roofs, wind suction (negative pressure) occurs 
at certain wind speeds, which causes the separation of 
membranes in loose areas and the formation of a wavy 
surface. However, the authors did not take into account 
such an important factor as the aging of PVC under 
climatic influences. 

In [6] the analysis of deterioration of 
waterproofing shells of flat roofs was made.  
The authors, basing on the results of modern research 
methods, found degradation processes, namely, the 
reduction in the chlorine and carbon content in 
plasticized PVC membranes in contact with extruded 
polystyrene in combination with exposure to weather 
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factors. This aging of PVC membranes increases their 
fragility and reduces mechanical properties. 

A study by Italian scientists [7] showed that roof 
waterproofing membranes can influence the energy 
consumption of a building. The authors studied the 
influence of aging caused by the action of solar 
radiation and other climatic factors in Rome and Milan 
on the light reflectivity of the coating. The 24-month 
aging led to an increase in energy consumption for air 
conditioning systems, on average by 25 %. Moreover, 
the membrane reflection coefficient decreased from 0.8 
to 0.56, which led to an increase in temperature on their 
surface by 16 °C. 

The work of Czech researchers [8] covered the 
problems of long-term degradation in soil conditions of 
waterproofing polymer-based membranes, including 
PVC used in foundations. The authors examined the 
effect of soil bacteria, high temperature and air 
humidity, and the radon gas, contained in the soil, on 
the mechanical properties of membranes and found 
significant changes in them. 

In [9] Pavlov generalized the results of domestic 
and foreign studies of the aging of various polymers  
(in particular, PVC) in natural and simulated 
conditions. In [10, 11], the processes of changing the 
physical and mechanical properties and structure of 
PVC coatings during photo-aging were described, and 
the correlation between micro- and macrostructural 
changes in the polymer was revealed. In [12] the results 
of numerous studies of weather resistance of PVC were 
presented. The changes in the properties of various 
polymeric and wood-polymer composites were 
considered in [13 – 17]. The problem of predicting the 
durability of composite building materials was raised in 
the works of both Russian [18, 19] and foreign authors 
[20 – 22]. 

In [23], the authors made an attempt to develop a 
program for the experimental study of the strength and 
deformation properties of PVC membranes used in 
combined coatings of buildings operated under difficult 
conditions and influenced by solar radiation, sediments, 
snow loads, dust and wind blankets. The authors found 
that in the process of using such roofing coatings the 
inelastic deformations take place, that can lead to a 
decrease in the mechanical performance of the 
membranes and their fastening and, therefore, to an 
early breach in the coating tightness. The reason for 
this is negligence of the temperature deformations of 
the polymer material during its installation, leading to 
the appearance of significant initial stresses in hot and 
cold climates. In turn, the shrinkage of PVC 
membranes was accompanied by the opening of butt 
joints and the breach of waterproofing. Unfortunately, 

the authors modelled the influence of only force factors 
of environmental and climatic nature and did not take 
into account the synergistic effect of solar radiation, 
humidity, temperature fluctuations and other aggressive 
environments. 

The analysis of modern international publications 
on the effectiveness of polymer waterproofing 
materials [24 – 30] showed that the main factors 
affecting the performance of PVC are temperature, 
humidity and solar radiation. However, the approaches 
suggested by the authors for prediction of longevity did 
not take into account these factors. Therefore, one of 
the topical scientific problems in the field of research of 
polymer roofing materials is the prediction of their 
durability, considering the influence of aggressive 
factors. 

The aim of this study is to examine physical and 
mechanical properties taking into account the influence 
of typical aggressive impacts and evaluation of the 
durability of PVC membranes used as roofing 
materials. Based on the results obtained in the previous 
studies and presented in [31, 32], it can be concluded 
that the durability of PVC membranes can be predicted 
from the perspective of the thermofluctuation theory of 
the strength of solids [18, 19]. The application of this 
approach will make it possible to evaluate the 
performance of the material in a wide range of loads, 
temperatures and operating time. In this regard, this 
paper proposes to determine the nature of the influence 
of UV radiation on the physical and mechanical 
characteristics of PVC membranes, and also to estimate 
the durability of PVC membranes from the standpoint 
of the thermofluctuation theory of strength. 

 
Methods 

 
For the tests we used two types of PLASTFOIL® 

PVC membranes manufactured by extrusion and 
calendaring from suspended PVC with the addition of 
fillers and technological additives: 

1. PLASTFOIL® ECO 1.5 (1.5 mm thick, 
reinforced with polyester mesh) 

2. PLASTFOIL® Classic 1.2 (1.2 mm thick, 
reinforced with polyester mesh) 

The samples of PVC membranes made in the 
shape of strips of 200 × 20 mm, numbered and signed 
were UV-aged for 1000 hours.   

Then short-term shear tests were conducted on the 
samples on a lever-type installation. The values of 
destructive tensions were calculated using Formula (1): 
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Results and discussion 

 

In this paper, the strength characteristics of PVC 
membranes were studied taking into account the effect 
of UV radiation. Based on the results of destructive 
tensions, the tension versus the duration of photo-aging 
was presented in Fig. 3. 

Fig. 3 shows that the strength of PVC membranes 
increases with the rise in the duration of UV aging from 
0 to 400 hours on average by 20 %. In this case, the 
graphs for all the samples are practically linear 
dependences. For a given period of time, the strength 
growth is associated with orientation phenomena in the 
polymer structure. 

However, the kinetics of the change in strength is 
non-monotonic, which is also confirmed in [10, 11]. 
When the duration of UV influence increased, the 
strength decreased, which was associated with the onset 
of destructive processes. In the initial period the 
increase in hardness was due to a decrease in the 
content of the plasticizer in the mixture, then 
dehydrochlorination, oxidation, and degradation of 
chains began, as a result of which the polymer structure 
changed. As a result of the polymer structuring the 
strength increased a little. At later stages of aging, the 
strength decreased monotonically due to accumulation 
of microdamages. The changes in the polymer structure 
can also be traced on dilatometric curves [33, 34].  
Fig. 4 shows the dependencies obtained in the study of 
the thermal expansion of PVC membrane samples 
without external influences and after 100 hours of UV 
aging. 

After UV aging (Fig. 4b) an increase in the 
relative extension of the samples by an average of 30 % 
was observed with respect to the initial values, i.e., the 
material became more plastic when heated. One can 
also notice that the material structure was balanced and  

 
 

Fig. 3. Correlation between the strength  
of PVC membranes and UV aging duration:   

1 – PLASTFOIL® ECO 1.5;  
2 – PLASTFOIL® Classic 1.2 

 
the extension occurred more linearly. In [12, 27, 28] it 
was confirmed that when PVC membranes are used as 
a roofing material, the possibility of thermal extension 
under the influence of high temperatures and increase 
in plasticity should be taken into account. The average 
values of the coefficients of linear thermal extension 
for the studied samples under are given in Table 1. 

Fig. 5 shows the intensity of color change in the 
upper contrast layer of PVC membrane samples 
exposed to UV radiation for 0; 50; 100; 150; 200; 250 
and 1000 hours.  

Fig. 5 shows that UV radiation with prolonged 
exposure enables the fading of the upper layers of PVC 
membranes. PVC underwent the changes under 
atmospheric conditions in comparatively thin surface 
layers [3, 12]. It is stated that the resistance of PVC was 
largely dependent on the ability of the material to 
withstand the light influence. 

 

  
a)                                                                                      b) 

 
Fig. 4. Dilatometric curves of samples  of PVC membranes: 

a – without external influences; b – after 100 hours of UV aging;  
1 – PLASTFOIL® ECO 1.5; 2 – PLASTFOIL® Classic 1.2 
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Table 1 

Coefficients of linear thermal extension  
for samples of PVC membranes 

 

No. Type of PVC  
membrane 

αmean·10–4, 1/°С 

without 
external 

influences 

100 hours 
of UV 
aging 

1 PLASTFOIL® ECO 1.5 2.07 2.8 

2 PLASTFOIL® Classic 1.2 0.89 1.5 

 
 

Fig. 5. Color change of samples of PVC membrane 
PLASTFOIL® Classic 1.2 after exposure to UV radiation 

during 0; 50; 100; 150; 200; 250 and 1000 hours  
 

 

        
a)                                                                                           b) 

 
Fig. 6. Dependences of durability from tension at shear of PVC membranes: 

a – PLASTFOIL® ECO 1.5; b – PLASTFOIL® Classic 1.2 
 

As a result of long-term tests of PVC membrane 
samples the dependences of the durability on the shear 
tension, shown in Fig. 6, were obtained. 

Fig. 6 shows that the dependences for the samples 
represent a family of straight lines forming a “direct 
beam” and converging at one point – “pole”. For these 
materials the temperature-time dependence of the 
strength is clearly developed. With increasing 
temperature, the angle of inclination of the straight line 
decreases, i.e., the longevity at a given tension value 
decreases. The obtained values of physical constants 
for the studied samples of PVC membranes are 
presented in Table 2.  

Table 3 shows the durability of the materials under 
study at different tension and temperature values. 

Table 3 shows that under ideal conditions without 
the influence of various environmental factors the 
material can serve for a rather long time. However, 
under real operating conditions, the durability is 

significantly affected by temperature changes, 
humidity, UVI and other factors. Knowing the values 
of physical constants, according to formula (4) the 
durability can be calculated, as well as other parameters 
of PVC membrane operability (strength and heat 
resistance) at specified voltage, temperature and 
operating time.  

 
Table 2 

 

Values of physical constants for PVC membranes 
 

No. Type of PVC  
membrane Tт, K τт , s U0, 

kJ/mol
γ, 

kJ/mol·MPa

1 PLASTFOIL® ECO 1.5 425.5 1.55·10–4  248.3 13.05  

2 PLASTFOIL® Classic 1.2 574.7 8.13·10–7  171.9 6.387  
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Table 3 

Values of durability τ (years) for given values  
of tension and temperature for PVC membranes 

 

No. Type of PVC  
membrane 

σ, 
MPa 

t, °С 

0 18 50 

1 PLASTFOIL® ECO 1.5 
0.0 
0.5 
2.0 

527 
374 
123 

42.7 
29.6 
9.3 

3.6 
2.1 
0.7 

2 PLASTFOIL® Classic 1.2 
0.0 
0.5 
2.0 

298 
173 
89 

32.9 
19.7 
3.5 

2.3 
1.6 
0.5 

 
From the changed values of physical constants, the 

effect of external atmospheric and climatic influences 
on the durability of polymer membranes can be 
estimated. 

 
Conclusion 

 
1. The test results showed that the durability of 

PVC membranes can be predicted using the 
thermofluctuation theory of the strength of solids. 
Based on the obtained values of physical constants, the 
durability was calculated, as well as other operating 
parameters (strength and heat resistance) at specified 
tension, temperature and operating time.    

2. Under ideal conditions the material can serve 
for a rather long time (more than 100 years). A number 
of experiments were carried out after the thermal and 
ultraviolet aging influence on material to obtain more 
accurate durability values. From the changed values of 
physical constants, one can consider the effect of 
external atmospheric and climatic influences on the 
durability of polymer membranes.       

3. When exposed to UV aging, the strength of 
PVC membranes increased with the rise in duration 
from 0 to 400 hours on average by 20 %. When the 
duration of UV exposure increased, the strength 
decreased, which was associated with the beginning of 
destructive processes. At later stages of aging, the 
strength decreased monotonically due to accumulation 
of microdamages. 

4. Dilatometric tests showed that the structure of 
the material and the effect of external factors had a 
direct effect on the thermal extension of PVC 
membrane samples. After 100 hours of UV aging the 
relative extension of the samples increased by an 
average of 30 % relative to the original values, i.e. the 
material became more plastic; the structure of all the 
materials was levelled and the extension occurred more 
linearly. 
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