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TECHNICAL NOTEBODK

@ lesting techniques to solve roofing problems

Fourier transform infrared (FTIR)
spectroscopy, scanning electron micros-
copy (SEM), energy dlisperlive X-ray
spectroscopy and tensile testing were
used to characterize a fully adhered
EPDM roofing membrane that had ex-
hibited surface degradation, amounting
to the system failure.

The results obtained from these tech-
niques suggested that the cause of fail-
ure could be attributed to the rubber-
ized asphalt adhesive. Potential
applications of bining both han-
ical testing and chemical characteriza-
tion as an aid to solving roofing prob-
lems are discussed.

Introduction

Investigating roofing failures usually
implies obtaining samples of the failed
roof and subjecting the samples to me-
chanical testing. This approach is ac-
ceptable; however, it does not necessar-
ily assist’ in solving the problem. All
that is known is that the material
passed or failed a particular test.

A comprehensive approach is re-
quired to explain a failure which is not
related solely to structural properties.
Optimum solutions to roofing problems
are greatly assisted by multi-techniq
spproaches including mechanical test-
ing and chemical analyses.

Useful techniques for chemical analy-
ses include FTIR spectroscopy, SEM,
thermal analysis and energy dispersive
X-ray spectroscopy. The international
roofing industry is now attempting to
adopt a strategy that includes some
chemical analyzes (mainly thermal
analysis) for the characterization of
roofing membranes'. Other techniques
could, however, also assist in solving
roofing failures.

This paper presenta a case where a
combination of tensile testing and
chemical analyses was used to find the

.cause of failure of a reinforced EPDM
roofing membrane. Prior to the failure
of this membrane, brownish stains had
been observed on the surface of the
membrane. It was also noted that this
discoloration was even more apparent
when a heavy rainfall followed an un-
usually high temperature period. The
origin of the brown stain as well as the
cause of brittleness of the EPDM mem-
brane was investigated.

Experimental

The following samples were taken
from the site of the fatled roof:
a) EPDM membrane showing extensive
brown stains; b) EPDM membrane

without any discoloration or deteriora-

tion; ¢) EPDM membrane without any
discoloration or deterioration from a
different area of the roof; d) a new and
unused EPDM Type II membrane; e)
rubberized asphalt adhesive.

All the samplea were tested and ana-
lyzed using the following techniques: .
i) tensile tests; ii) scanning electron mi-
croscopy; iii) energy dispersive X-ray
spectroscopy; iv) fourier transform in-
frared spectroscopy.

Tensile tests

Tensile strength and elongation prop-
erties of the membrane were carried
out at room temperature using a uni-
versal testing hine (Instron tensil
tester model 1122) with a gauge length
of 60 mm and cross-head speed of 60
mm minl. The load and elongation
curves were recorded on & machine
chart recorder. All specimens were test-
ed in tension to rupture after removing
the adhesive from them.

Scanning Electron Microscopy

SEM was used to investigate the sur-
face degradation of the various sam-
ples. A Cambridge Stereoscan 250 with
a magnification of 50X was used to
study the various samples.

Energy Dispersive X-ray Spectros-
copy

The microanalysis of the surfaces of
the sample was conducted using a Tra-
cor Northern 5500 Energy Dispersive
X-ray Analyzer. The test area and
depth penetration are generally small,
and hence, quantitative analysis was
difficult. Consequently, this technique
only was used for qualitative purposes.

Fourier Transform Infrared Spec-
troscopy

The FTIR analyses were carried out
using a Nicolet SX-170 spectrometer
equipped with a MCT detector. A reso-
lution of 4 cm™? was used and the spec-
tra were recorded in the transmission
mode.

Results and discussion
Tensile tests

The results obtained from tensile
testing are tabulated in Table 1. The
breaking energies of the samples indi-
cate that the sample with heavy discol-
oration was significantly different from
the others. Samples with only slight

Table L Tensile tests on EPDM samples taken from the discolored roof

discoloration exhibited similar tensile
properties to the samples with no dis-
coloration. Overall, the sample with
continuous discoloration—the one with
the highest surface degradation—had
the poorest strength, elongation and
energy at break valves.

SEM
The SEM micrographs indicated that

more crazing was obeerved on the
brown stained surface than on the ua-

rubberized asphaltic adhesive.
Conclusions

The following conclusions can be

made regarding the brownish discolora-
tion:
a) The stain on the EPDM roofing
membrane was a result of some fraction
of the rubberized asphaltic adhesive
diffusing through the membrane and
being oxidized by atmospheric oxygen
and solar radiation.

Table IL Vibrational data {(cm) for the brown staln, rubberized asphalt adhesive,

Brown Stain Adhesive Kerogen EPDM
3406 s 3400 s 3400 's
2904 vs 2905 vs 2924 vs 2920 vs
2834 s 2833 s 2833 s 2836 s
1705 s 1691 m 1700 m
1596 sh 1576 m 1620 m 1547 s
: 1443 5 1430 m 1440 m 1466 m
i 1404 m
. 1354 s 1326 w 1300 m
: 1151 ¢ Nlm

Intensities: vs=very suong; s=strong; m=medium; w=weak; sh=shoulder

kerogen and EPDM membrane
No. of Mcmbrane Energy at
Sample Specimens | Thickness Streagth Elongation Break
D Surface Tested (mm) N/28 (mm) m/m % MIm3
A Browa 4 Pt ] 163 481 154
B Black 6 114 186 545 n4
C Black 4 1.25 198 629 21.5
Notes

1 The tests were done using 12 mm wide strips, since the amount of material
available was insufficient to test according 10 ASTM D751, which requires

101.6 mm wide specimens.

2 Each specimen had a representative number of strands of reinforcement.
3 Sample C was placed on the roof 2 years laier than samples A and B.

stained surface. The crazing pattern re-
sembles that of a brittle material. Some
microcracks were observed on un-
stained material but this was
attributed to patural weathering/aging
of the samples. The degradation seen in
the discolored sample corresponds with
the observed reduced tensile strength.

Energy Dispersive X.ray Spectros-
copy

Three elements were detected as ma-
jor components: sulphur, calcium and
silicon. The EPDM membrane had, in
general, a very strong sulphur peak.
The calcium peak was attributed to the
rubberized asphalt adhesive, while the
silicon peak originated from atmospher-
ic dust and sand. On the clean black
EPDM membrane surface, where no ad-
hesive was present, no calcium was de-
tected. In the EFDM samples, where
small ts of adhesive r ined
both sulphur and calcium peaks were
present. The brown stain also was
found to have intense sulphur and cal-
cium peaks. This seems to suggest that
some rubberized asphalt adhesive dif-

fused through the EPDM membrane.
FTIR analysis
The FTIR of the samples

spectra

were typical of asphaltic® and rubber
materials (see Table II). Peaks were ob-
served in the CH stretching region
(3000-2800 cm") and CH bending re-
gion (1500-1300 cm!). The spectrum as-
sociated with EPDM was different from
that of the brown stain which was
scraped off from the membrane. The
spectrum of the brown stain did, how-
ever, resemble more closely the spec-
trum associated with the rubberized as-
phalt adhesive and kerogen (the organ.
ic component of bitumen). The brown
stain, the adhesive and kerogen all ex-
hibited  characteristic  bituminous
peaks; OH stretch (3600-3000 cm?),
C =0 stretch (1700 em?), C=C stretch
(°1600 cmY), C-O stretch ("1100 em™).

The combination of the FTIR data
and the energy dispersive X-ray data
clearly indicates that the brown discol-
oration must have originated from ths -

b) The brown residue is washed down
the roof slope by rain water. This fur-
ther exposes the asphaltic fraction dif-
fusing through the deteriorating EPDM
membrane.

¢} The EPDM membrane undergees ul-
traviolet-induced degradation. This pro-
cess is increased by the presence of
organic compounds, especially of the ar-
omstic types. In the present case, the
material which contained the brown
residue contained aromatic compounds;
hence, the EPDM degradation was ac-
celerated.

d) The cause of surface degradation and
membrane weakening is a combined ef-
fect of solar radiation and the diffusion
of the asphaltic adhesive to the surface.
&) The diagnostics of this csse demon-
strate that no single technique can pro-
vide a complete explanation for the
cause of roofing failure. The combina-
tion of mechanical tests and chemical
analyses should be used to assess more
precisely and completely the causes of
roofing problems.
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