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T he October 1999 issue of Interface contained a reprint of a 
paper that was presented at the International Conference 
on Durability of Building Materials and Components in 

Vancouver, Canada. This article updates that data by including 
two more TPO samples, records observation on samples exposed 
to 10,000 hours in ultraviolet condensing equipment (the former 
paper included a comment based on only 3,000 exposure hours), 
and adds the thermal expansion coefficient measured for each of 
the samples. The code number for each sample has been 
changed to match its relative rating for these fifteen samples. 

The sample procurement and test methods used were report­
ed in the previous report. 

PRODUCT RATING 

The rating table (Table 2) has been altered by adding columns 
containing the 0 to 100 range for the specific test values and the 
average rating for each test. 

These data in the 0 to 100 range column illustrate the group’s 
range of the values in a specific test. For example, for water 
absorption in Table 2, the 0 to 100 range for the individual values 
is 16.14 to 3.38% water absorbed based on the dry weight of the 
membrane. Therefore, the sample with the 16.14% water 
absorption received a “0” rating, and the sample with a 3.38% 

water absorption received a “100” rating. 
Data in the “average rating” column of Table 2 enable compar­

ison of the performance of a specific sample in a test with the 
average performance of the group of 15 samples. Again, using 
water absorption as an example, Sample 6 has a 21 rating com­
pared with an average rating of 71 for the group. This suggests 
that the manufacturer of Sample 5 should work to reduce the 
water absorption of the product. The 71 rating also suggests a 
skew of the data; data in a normal distribution would have a 
mean rating of 50. 

UV­CONDENSING HUMIDITY EXPOSURE 

Table 3 reports observations on 10,000 hours of ultraviolet 
condensing humidity exposure in 1,000­hour increments for the 
original thirteen membranes. ASTM Standard Test Method G­53 
was used. The changes in all of the samples were modest after 
10,000 hours of exposure, and the changes observed were not 
included in our rating because they are so difficult to quantify. 
All of the samples tested showed some yellowing except Samples 
1 and 2. Samples 1, 2, 3, and 13 showed some loss of surface 
gloss, and there was some increase in stiffness in Samples 1, 2, 3, 
4, 7, 8, 9, and 11. Samples 3, 8, and 11 showed some membrane 
shrinkage. 
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Table 1: Test Data on All Samples 
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Table 2: Test Data Rated for All Samples 

Based on these exposure data, it might be possible to con­
clude that all these materials will give excellent service upon 
exposure, but it is more probable to conclude that ultraviolet 
condensing humidity exposure alone does not accurately predict 
service life of these products, or that the acceleration factor pro­
vided is inadequate. The acceleration factor for a test method 
designed to rapidly test the durability of a product is the time of 
outdoor exposure divided by the time under test for the product 
to reach the same condition. For example, if a test has an accel­
eration factor of 20, then one year under test represents 20 years 
of service. To date, the acceleration factor for ultraviolet con­
densing humidity tests of thermoplastic membranes has not been 
established. 

THERMAL EXPANSION TESTS 

The thermal expansion of each membrane was measured by 
TDA (thermal differential analyses) for ­18 through 66 degrees 
Centigrade (0 degrees to 150 degree Fahrenheit). In many cases 
the measured increase in length per degree temperature rise was 
not constant over the whole range. The slope of the curve often 
dropped off significantly above 32 degrees Centigrade (90 
degrees Fahrenheit). The slope of the secant line from ­18 to 32 
degrees Centigrade (0 to 90 degrees Fahrenheit) is reported as 
the thermal expansion coefficient in Table 1. It is currently our 
best estimate of the real value and should be used with caution 
until additional testing refines or confirms the value. The large 
observed differences are not consistent with either TPO or PVC 
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Table 3: Observations Upon UV­Condensing Humidity Exposure ­ Changes 

membranes; they may be related to the characteristics of the 
character and type of reinforcing in each membrane. 

CONCLUSIONS 

Most PVC membrane samples rate significantly higher than 
their TPO counterparts. For example, the top­rated six samples 
are all PVCs; four of the six lowest rating samples are TPOs. All 
of the five TPO samples have an average rating at or below the 
average rating for this group of fifteen samples. This suggests 
that the best choice for a durable membrane is PVC when PVC 
and TPO membranes are considered. 

Not all PVC membranes have an equal rating. For example, 
PVC Samples 8, 9, 11, and 13 have a rating that equals or is less 
than the average rating. This suggests that their performance in 
the field may be unequal to the performance by the four 
membranes with the highest rating (Samples 1 through 4). 
Performance in the die and water absorption tests appears to be 
critical. ■ 
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