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 Abstract— Polyvinyl Chloride (PVC) based roofing sheets 
are widely used in industrial and domestic applications today. It 
is recognized that ultraviolet rays (UV) in sunlight (wavelengths 
between 280 nm and 400 nm) cause photodegradation of some 
organic materials including polymers.  Therefore, studying the 
change in properties of PVC/Acrylonitrile Styrene Acrylate 
(ASA) roofing sheets due to weathering is essential for their 
successful application. From this study, it was attempted to 
study how photodegradation affects some properties like 
hardness and impact strength of the roofing sheet. It was evident 
from the UV exposure test data that prolonged exposure to UV 
radiation deteriorates the hardness and impact strength 
properties of the sheet. But no change in appearance was 
observed in both UV exposure test and accelerated weathering 
test.  
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I. INTRODUCTION  
 The application of polymeric materials is widespread to 

every possible aspect of the modern human civilization. It has 
replaced the use of traditional materials in almost every field 
during the past several decades. Natural polymers and 
synthetic polymers are the two main varieties according to 
their origination. The main origin of synthetic polymers is   
the petroleum-based products, while the origin of natural 
polymers is plants or biomasses. Polymers can also be 
categorized as plastics and rubbers. Plastic materials are 
mainly divided into main subcategories as thermoplastics and 
thermosets [1-45]. 

        PVC (Polyvinyl chloride) is one of the most versatile 
plastics. It is the second largest manufactured resin in the 
world. The favorable performance of PVC has led to use that 
material in construction industry for exterior applications like 
window profiles, cladding, and siding. PVC can be converted 
into many different products. This is achieved by adding 
additives such as plasticizers, fillers, and stabilizers. These 
additive compounds change the physical, chemical, and 
mechanical properties of the material across a wide range 
[47,48]. One of the disadvantages of using polymers is that 
they degrade when they are exposed to high temperature 
conditions or in outdoor applications. The process of 
degradation caused by natural outdoor conditions is known as 
weathering. This negatively impacts the service life of the 
polymer [49]. Polymeric materials can undergo changes in 
properties under the influence of environmental factors such 
as ultraviolet (UV) light, moisture, heat and, chemical 
attacks. PVC is no exception. PVC suffers from poor thermal 
and light stability. It undergoes rapid autocatalytic 
dehydrochlorination upon exposure to heat and light during 
its molding and use [50]. As a result, conjugated polyene 

sequences are formed. They add discoloration to the polymer 
and change its physical properties. This degradation also 
causes a drastic change in the mechanical properties of the 
polymer. Because of this the average molecular weight can 
be either decreased or increased. Chain scissions decrease the 
Molecular Weight (MW) while crosslinking of the polymer 
increases the MW. PVC has poor light stability in the 
wavelength range of 253–310 nm. This is due to the presence 
of unsaturated (C=C) bonds, carbonyl, hydroperoxide, and 
hydroxyl groups in polymer chains [47,48,51,52].  
         Acrylonitrile Styrene Acrylate copolymer (ASA) is a 
thermoplastic copolymer. ASA has excellent resistance to 
UV radiation. It also has good chemical resistance, moisture 
resistance coupled with good mechanical properties like high 
Impact strength. These properties make ASA an ideal 
candidate for outdoor applications [52] 
        PVC roofing sheets emerged in Sri Lankan market as an 
alternative to the prevailing asbestos roofing sheets. PVC 
based roofing sheet manufacturers approach the market with 
a promise of a healthier alternative without fibrous materials 
like asbestos. Most of the PVC roofing sheet manufacturers 
use ASA (Acrylonitrile Styrene Acrylate) as the top coating 
of the roofing sheet. The colour of the sheet is decided by the 
colour of the coating. ASA is a more environmental resistant 
material compared to PVC. Therefore, it is applied as the top 
coating to provide better weathering resistance to the PVC 
base. The PVC roofing sheet is manufactured by co extrusion 
method. The PVC base layer and the ASA top coating are co 
extruded to obtain the final finished product. The raw 
materials include PVC (suspension grade PVC with a K value 
around 67), coated Calcium Carbonate as the filler, (The 
choice of particle size of the filler depends on the 
manufacturer.), internal and external lubricants, thermal 
stabilizers, processing aids, impact modifiers.  The objective 
of this study is to analyze the UV degradation behavior of 
commercially available ASA coated PVC roofing sheets 
under the UV radiation, and to approximately demarcate the 
successful service lifetime of the same, in natural outdoor 
environment. 

II. EXPERIMENTAL PROCEDURES 

A. Sample Collection 
      Commercially available      3mm ASA coated PVC 
corrugated roofing sheets were selected for this analysis. 

B. Method of Approach 
      Properties of the roofing sheets, exposed to UV radiation 
for different time durations were compared with respect to 
reference samples (which were not exposed to UV radiation). 

Sampath C. Weragoda 
Department of Materials Science & 

Engineering 
Universiy of Moratuwa 
Moratuwa, Sri Lanka 
sampathw@uom.lk 

Shashi Udayanga 
Department of Materials Science and 

Engineering 
University of Moratuwa 

Moratuwa, Sri Lanka 
sudayanga19@gmail.com 

 

K.G. Alahapperuma  
Department of Mechanical and 

Manufacturing Technology 
University of Vocational 

Technology, 
 Ratmalana, Sri Lanka 

gayanthi111@yahoo.com 



 
 

      Exposure to UV radiation in actual service conditions was 
simulated in the UV chamber. 

      Initially, original flexural strength, tensile strength, 
percentage of elongation, hardness (Shore D), impact 
strength and other tests listed in Table 1 were measured under 
standard conditions. Prepared samples were then subjected to 
the UV exposure test.     Only hardness (Shore D), impact 
strength and visual inspection were tested in the UV aged 
samples. Hardness, impact strength, and visual inspection 
were performed as per the standards. Then the results were 
compared with the properties of original (reference) samples. 
Each test was performed as mentioned below. 

C. UV Exposure Test 
         ISO 4582:2017 specifies the methods to determine the 
changes in appearance and colour, and differences in 
mechanical and other properties caused by solar or similar 
laboratory radiation source. UV Chambers use fluorescent 
light to simulate natural sunlight. It is used to perform 
accelerated weathering tests on materials. The test was 
performed by placing the samples in a UV chamber, as per 
ISO: 4582 standards.  Accordingly, seven sets of test pieces 
were exposed to UV radiation and those test pieces were 
removed from the chamber after varied time durations of 24, 
48, 72, 96, 120, 144 and 168 hours. After the UV exposure 
test, visual inspection, hardness, water absorption, tensile test 
and flexural test were performed under standard conditions. 

D. Visual Inspection 
     For the test, eight test pieces were prepared, each with 
2.5cm X 2.5cm dimensions. One was taken as the reference 
sample. Other seven test pieces were kept in the UV chamber 
for different time durations of 24, 48, 72, 96, 120, 144 and 
168 hours, respectively. When each sample was taken out of 
the UV chamber, each one’s appearance was compared with 
the reference sample.  

E. Flexural Strength 
This test was performed as per ASTM D 790:03 standard. 

F. Tensile Test 
     The test specimens were prepared, and the test was 
conducted as per the ASTM D 638:03 standard using the 
Universal Testing Machine. Tested properties were the 
tensile strength and percentage elongation. Test pieces were 
prepared, according to the standard dimensions. Three test 
pieces were considered as the reference samples. The average 
readings of all three test pieces were taken as the Tensile 
strength. 

G. Hardness 
    This test method is based on the penetration of a specific 
type of indenter when forced into the material under specified 
conditions. The hardness is inversely related to the 
penetration. It is dependent on the elastic modulus and 
viscoelastic behavior of the material.  

   For the test, twenty-four test pieces were prepared, each 
with 3cm X 3cm dimensions. One set (three test pieces) was 
taken as the reference sample. Initial hardness was measured 
using the Shore Durometer – D Scale. Other twenty-one test 
pieces were kept in the UV chamber for different time 
durations of 24, 48, 72, 96, 120, 144 and 168 hours, 

respectively. When each set of samples was taken out of the 
UV chamber, they were tested for hardness. Each test piece 
was tested for five readings of hardness, at five different 
places, and the average value was taken as the test reading. 
The test was conducted as per the ASTM D 2240-02 standard. 

H. Water Absorption Test 
    For this test three 2.5cm X 2.5cm dimension test pieces 
were prepared. The initial weight of each sample was 
measured. Then the test pieces were immersed in water for 
24 hours. Next the weight was measured again and, with the 
calculation of percentage weight difference, percentage of 
water absorption (by weight), was calculated. These values of 
percentage of water absorption were compared and the 
average value was taken. Test was conducted as per the ISO 
62: 02 standard. 

I. Impact Test 
    The Izod pendulum impact toughness test is described in 
the standard ISO 180. This test method requires a minimum 
of five and preferably ten or more individual readings to get 
a good average to measure the impact strength of a material. 
The total impact energy depends on, the size of the test 
specimen, the notch shape, and length.  

    The impact test involves the measurement of the energy 
required to break a test specimen that is clamped to the impact 
testing machine. The energy required to break the specimen 
is obtained from the energy loss of the pendulum. This energy 
is simply the potential energy difference of the pendulum 
hammer before and after the impact [53]. 

    The test specimens were prepared, and the test was 
conducted as per the ISO 180 standard using the Izod type 
Impact Tester. The specimens were exposed to UV radiation 
as per the ISO 4582 standard and the test was repeated to 
obtain the impact strength data for aged PVC roofing sheet 
samples. 

J. Density Test 
    This test method describes the determination of the specific 
gravity (relative density) and density of solid plastics in forms 
such as sheets, rods, tubes, or molded items. The test 
specimens were prepared, and the test was conducted as per 
the ASTM D792-00 standard. 

K. Temperature of Deflection under load 
    This test is used to determine the temperature of deflection 
under load of plastics. The obtained results truly don’t 
represent the maximum applicable temperature. This is due 
to the contradiction in practice conditions from the test 
conditions. A true comparison of data can only be done for 
materials that have the same room-temperature flexural 
modulus. The test was conducted as per the ISO:75-1,2:2004 
standard. 

L. Tear Resistance Test 
    Tear resistance measures the ability of a material to resist 
tearing [14]. The test specimens were prepared, and the test 
was conducted as per the ASTM D 1004: 03 standards. 

M. Glow Wire Ignition Temperature 
    Glow wire test is an electrical safety test. It is designed to 
evaluate the flame-resistant properties of plastic materials. 



 
 

The purpose of the test is to protect against the risk of fire 
caused from ignition of plastic materials. The glow wire 
simulates an over-heated part which encounters the plastic 
material [15]. The test was conducted as per the ASTM 
D6194 – 03 standard. 

N. Vical Softening Temperature 
    This is the temperature at which a material is softens when 
used in an elevated temperature application. This temperature 
is obtained when a flat-ended needle penetrates the specimen 
to the depth of 1 mm under a specific load. The test was 
conducted as per the ASTM D1525-00 standard.  

O. Linear Dimensional Change 
    Extrusion can cause variances in dimensional properties of 
the material. It provides insight to dimensional stability of a 
material. The test was conducted as per ASTM D1204-02 and 
ASTM D4434-96 standards. 

III. TEST RESUTS 

A. Test results before the UV exposure 
 

Table 1. Test results of the UV unexposed samples 

 

B. UV Exposure Test 
 

Table 2. UV exposure test results – Top surface 
 

Exposure Time 
(Hours) 

Visual Examination  
(Top Surface) 

24 No change in appearance 
48 No change in appearance 
72 No change in appearance 
96 No change in appearance 
120 No change in appearance 
144 No change in appearance 
168 No change in appearance 

 

 
 
Fig. 1. Appearance before UV exposure 

 

 
 
Fig. 2. Appearance after UV exposure 

C. Accelerated weathering test – Chocolate Brown Sheet 
 

Table 3. Accelerated Weathering Test results 
 

Exposure Time 
(Hours) 

Visual Examination  
(Top Surface) 

200 No change in appearance 
400 No change in appearance 
600 No change in appearance 
800 No change in appearance 
1000 No change in appearance 
1200 No change in appearance 
1400 No change in appearance 
1600 No change in appearance 
1800 No change in appearance 
2000 No change in appearance 

 

D.  SEM (Scanning Electron Microscopy) Imagery 
 

 
 

Fig. 3. ASA layer thickness 

 

Test Property Unit Results 
Avg. Std. Dev 

Tensile Strength MPa 18.5 0.6 
Elongation at Break % 32.5 2.1 
Glow wire ignition 

Temperature °C 750 

Thermal Conductivity at 70ºC W/mK 0.070 0.01 
Tear Resistance N 311.0 5.2 

Water Absorption % 0.051 0.002 
Temperature of Deflection 

under load °C 79.7 0.4 

Density of Material g/cm2 1.51 0.02 
Flexural Strength N/mm2 43.2 1.9 

Flammability N/A V-0 
Vicat Softening Temperature ºC 78.5 0.3 

Hardness Shore D 76.3 0.1 

Linear 
Dimensional 

Change 

Longitudinal 
Direction % 

0.40 0.03 

Transverse 
Direction 0.28 0.02 



 
 

E. Hardness 
 

Table 4. Hardness test results 
 

UV exposure 
time (Hours) 

Hardness (Shore D) 

Average Standard 
Deviation 

0 76.3 0.1 
24 76.3 0.1 
48 76.2 0.1 
72 76.2 0.2 
96 76.0 0.2 
120 75.9 0.1 
144 75.9 0.1 
168 75.8 0.2 

F. Impact Strength 
 

Table 5. Impact strength test results 
 

UV exposure 
time (Hours) 

Impact Strength (kJ/m2) 

Average Standard 
Deviation 

0 17.5 0.9 
24 17.4 1.1 
72 17.2 0.8 
96 17.0 1.3 
120 16.5 0.8 
144 16.3 1.2 
168 16.0 0.9 

 

G. Extrapolating Data 
 

 
 

Fig. 4. Exponential behavior of extrapolated Impact strength 
data 

IV. DISCUSSION 
    PVC products are mainly degraded by Thermo-mechanical 
oxidation that happens during processing and photooxidative 
degradation that happens during service life. Even though 
PVC is a versatile material and consumed in very large 
qualities for outdoor applications all over the world, it has its 
drawbacks. Extruded PVC products are considered for this 

specific study. The processing temperature of PVC and the 
onset of thermal decomposition temperatures of PVC are very 
close to each other. (Around 170°C - 180°C). Therefore, it is 
highly unlikely to process PVC without the use of a thermal 
stabilizer. The cause for the low thermal stability of the PVC 
is the presence of defects in the molecular structure. This 
instability is caused by the various defects in the polymer 
chain. 

    Many additives are added to the PVC roofing during 
processing. These additives act as "impurities" to the PVC 
resin. During processing, due to the presence of these 
“impurities”, chromophores could be formed in the 
extrudates. These chromophores assist the photodegradation. 

    The desirable mechanical, optical and processing 
properties of polymers are achieved through the proper 
design of molecular weight and molecular weight distribution 
in the polymerization process. During processing the 
molecular design of polymer will be modified due to the 
combination of heat, shear, and oxygen. Antioxidants and 
processing stabilizers are necessary to prevent this 
degradation. As a result, less chromophores are produced. 
That prevent the formation of UV degradation sensitive 
oxidation groups in the polymer backbone. This improves the 
UV stability of the final article. 

    Figure 3 shows the Scanning Electron Microscopy (SEM) 
imagery of the cross section of the sheet. It reveals the two-
layer structure of the sheet. ASA top layer and underneath is 
the PVC base layer. According to the figure the average 
thickness of the ASA layer across the sheet is 21.6µm.  

    Figure 1 and Figure 2 shows the imagery of the top layer 
of the roofing sheet specimen, before and after exposing to 
the UV irradiation, respectively. A significant change in 
appearance couldn’t be observed.  

    It was apparent through the UV exposure test results in 
Table 2 and Table 3 that the colour of the outer layer wasn’t 
changing for even long exposure times. This is due to the 
presence of the ASA top coating. The absence of double 
bonds in ASA backbone provides UV stability to the material. 

    Even though several physical, thermal, and mechanical 
properties were measured for the non-UV aged samples 
initially, only the hardness (Shore D) and impact strength 
were measured in UV exposed samples. Therefore, only those 
results will be discussed here. 

    According to the Table 4, the hardness values weren’t 
changing much over the course of time. It might be due to the 
ASA layer, given the fact that ASA is a better UV resistant 
material. Even though Impact strength was decreasing with 
the longer exposure times as in Table 5, the reduction was not 
drastic. The data suggests that the ASA layer provide a 
significant protection from UV radiation, for the non-UV 
stabilized PVC base. It is worthwhile to study how the impact 
properties change under UV radiation for different thickness 
levels of the ASA layer. The extrapolated impact strength 
data shown in Figure 4 revealed an exponential relationship 
with UV exposure time. So, the mechanical properties like 
impact strength of roofing sheets are expected deteriorate 
exponentially over the service life. 
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    After 168 hours of UV exposure the sample has lost its 
hardness by 0.66%. Similarly, after 168 hours of UV 
exposure the sample has lost its impact strength by 8.57%. It 
is apparent from the data that percentage decrease in impact 
strength is greater than percentage decrease of hardness. 
From this data we can assume that UV aging affect differently 
on various properties of the material.  

    For this given application it is not possible to correlate the 
laboratory UV exposure data for real life scenarios. For e.g., 
to correlate 72 hours of laboratory UV exposure to a certain 
amount service life. For that correlation to make, at least 12 
months of real outdoor weathering data is needed. In this 
case, impact strength data yield for at least 12 months of 
outdoor testing is required. Without the outdoor weathering 
as a baseline, it is hard to make a true comparison using 
accelerated weathering data. 

    Antioxidants, light, and heat stabilizers are usually added 
for plastics to achieve protection against degradation. 
Ultraviolet light stabilizers are widely used in plastics for this 
purpose. Addition of UV stabilizers prevent polymers from 
photodegradation, or photo-crosslinking caused by UV light 
from sunlight and artificial light sources [53]. 

    UV degradation in plastics can be avoided by using 
stabilizers, absorbers, or blockers. The simple addition of 
carbon black at around a 2% level, will provide necessary 
protection for many outdoor applications where black or 
grayish clour is acceptable. Here the carbon black act as a UV 
blocker. Other pigments such as titanium dioxide (about 
8phr) can also be effective. Organic compounds such as 
benzophenones and benzotriazoles are typical UV absorbers. 
They selectively absorb the UV and re emit at a less harmful 
wavelength, mainly as heat. The benzotriazole type is good. 
It can be used at low dosages (0.5%) and has low colour. The 
other way is to add a UV stabilizer. The most common type 
used in PVC is HALS (hindered amine light stabilizer). These 
compounds absorb the excited groups. Hence, they hinder 
and prevent the chemical reaction of the radicals [13]. 

V. CONCLUSION 
    In recent years, use of PVC material for construction 
applications like roofing sheets has significantly increased. 
But it is known that photodegradation of PVC is possible 
when they are exposed to natural weathering.     This review 
was about the effect of UV radiation on the properties 
(specially the impact strength and hardness) of the PVC based 
roofing sheets. It was evident through the UV exposure test 
data that prolonged exposure to UV radiation deteriorates the 
Impact strength and Hardness properties of the sheet.    The 
percentage decrease of impact strength properties is greater 
than the percentage decrease of hardness. Real outdoor 
weathering data is vital to make a correlation between 
laboratory accelerated weathering data, laboratory UV 
exposure data, with service life and to make meaningful 
predictions about the lifetime of products. 
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