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ABSTRACT: Flat roofs are inverted when the insulation material is placed over the waterproofing mem-
brane. This widely-used constructive system sets materials which may interact easily with each other caus-
ing their deterioration. The incompatibilities and the materials that may interact with each other are not
completely described, the elements currently used to separate the materials are not totally efficient to avoid
deterioration. This paper intends to enlarge the knowledge regarding the materials that are incompatible for
inverted flat roofs, the conditions were interactions take place and the efficiency of some alternative solu-
tions to separate the materials. The ethylene propylene diene monomer (EPDM) waterproofing membranes
are incompatible with the extruded polystyrene (XPS). The interactions between incompatible materials
increase with the pressure.
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RESUMEN: Membranas sintéticas impermeables y capas auxiliares separadoras en la cubierta plana invertida.
Efecto de la presion sobre la degradacion. Las cubiertas planas son invertidas cuando el material aislante se
coloca sobre la membrana impermeable. Este sistema constructivo ampliamente utilizado emplea materiales
que pueden interactuar con facilidad entre ellos, produciendo deterioro. Las incompatibilidades y los materiales
que pueden interactuar no se han descrito completamente, los elementos utilizados actualmente para separar los
materiales no son totalmente eficientes para evitar el deterioro. Este articulo pretende aumentar el conocimiento
acerca de que materiales son incompatibles en la cubierta invertida plana, las condiciones para que las interac-
ciones se den, y la eficiencia de algunas alternativas para separar materiales. Las membranas impermeables de
etileno propileno monémero dieno (EPDM) son incompatibles con el poliestireno extrusionado (XPS). Las
interacciones entre materiales incompatibles aumentan con la presion.

Palabras clave: Polimero; Cubierta plana invertida; durabilidad; membrana sintética impermeable; membrana
monocapa

ORCID ID: A. Pedrosa (http://orcid.org/0000-0002-7477-6288); M. Del Rio (http://orcid.org/0000-0002-4106-4233)

Copyright: © 2018 CSIC. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License


https://doi.org/10.3989/mc.2018.07617
mailto:a.pedrosa.go@gmail.com
https://doi.org/10.3989/mc.2018.07617
https://doi.org/10.3989/mc.2018.07617
http://orcid.org/0000-0002-7477-6288
http://orcid.org/0000-0002-4106-4233

2+ A. Pedrosa and M. Del Rio

1. INTRODUCTION

The roof is part of the outer envelope of the
buildings, and thus it must be able to protect and
isolate indoor environments. The roof is located at
the top of a building, so in addition to the above, it
has to be an efficient cover for precipitation (rain,
snow or hail).

The flat roof can be defined as a roof with a slope
lower than 5%. Consequently a flat roof needs to
be waterproofed -to guarantee the tightness of the
interior space-, but also isolated to keep comfortable
temperatures inside the building.

Frequently, the insulation material is placed
over the waterproofing membrane resulting in
the inverted flat roof. This constructive system is
broadly used.

In this type of flat roof, the insulation material
limits the thermal variations of the waterproofing
membrane (which is the most important material of
a flat roof), so the insulation material protects the
membrane from thermal degradation. This is the
main issue explaining the reason why inverted flat
roofs are widely used.

The inverted flat roof preserves the waterproof-
ing membrane from thermal oscillations, so in the-
ory this constructive system enlarges the life cycle of
waterproofing membranes and consequently of the
complete flat roof. However this consideration does
not take into account the interactions between the
materials which may cause deterioration.

Nomenclature

ASTM American Society for Testing and Materials
EPDM Ethylene Propylene Diene Monomer

ISO International Organization for Standardization
PVC-P Plasticized Polyvinyl Chloride

RSD% Relative standard deviation in percentage

SEM Scanning electron microscope

TPO Thermoplastic Polyolefin (also FPO)

UNE Spanish Association for Standardization

XPS Extruded Polystyrene

Figure 1 shows the different materials comprising
a stone-ballasted inverted flat roof.

The elements used nowadays to separate materi-
als in the inverted flat roof are the auxiliary separat-
ing layers which are normally geo-textiles. The most
frequents geo-textiles are made of polyester or poly-
propylene, as they are good materials to minimize
the interactions and incompatibilities even in refur-
bishment of flat roofs (1). However, polyester geo-
textiles do not offer good resistance to the alkalinity
of the cement, so they are especially used in gravel
ballasted and green flat roofs. Basically, auxiliary

Auxiliary seperating layers

FIGURE 1. Image of a stone-ballasted inverted flat roof.

separating layers are designed to allow free move-
ment and to provide physical and chemical protec-
tion to the materials.

The insulation material used in inverted flat roofs
needs to have specific characteristics such as, no
water absorption, compressive strength, and micro-
organism resistance, being the extruded polystyrene
(XPS) board the unique alternative currently used.

There are some types of synthetic waterproof-
ing membranes intended to be used in buildings and
there are many manufacturers in the global mar-
ket as for example: GAF (North America largest
roofing manufacturer), ICOPAL headquartered in
Denmark (annual turnover of approximately 1bill €),
FLAG-SOPREMA group (Europe), SIKA (head-
quartered in Switzerland and annual sales turnover
of 5.75 billion Switzerland Francs in 2016). They all
produce synthetic waterproofing membranes, but
only of plasticized polyvinyl chloride (PVC-P) and
thermoplastic polyolefin (TPO). Nevertheless, there
is an important market of synthetic waterproofing
membranes of EPDM, especially in America, where
one of the main manufacturers is FIRESTONE
building products, which additionally produces
TPO.

Therefore, the most important synthetic water-
proofing membranes for the building industry are:
plasticized polyvinyl chloride (PVC-P), thermoplas-
tic polyolefin (TPO) and ethylene propylene diene
monomer (EPDM) waterproofing membranes.

XPS plates may interact with the plasticized poly-
vinyl chloride (PVC-P) waterproofing membrane in
the inverted flat roof (2), deteriorating the materials
and thus reducing the life cycle of the construction
system. For this reason, the auxiliary separating
layer -placed between the waterproofing membrane
and the XPS- is of great importance as it reduces
this effect. This is one of the reasons for placing
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auxiliary separating layers in flat roofs, to cut down
degenerative interactions.

Some building roofing standards state the need
to avoid interactions and incompatibilities between
the different materials. This issue is mainly solved
by placing auxiliary separating layers, for instance,
in between XPS and waterproofing materials.
Regulations state this, even between materials which
are not clearly described as incompatibles.

Beforehand, the efficiency of auxiliary separat-
ing layers depends basically on their thickness and
composition. This paper analyzes the effectiveness
of several types and thickness of auxiliary sepa-
rating layers in order to avoid incompatibilities in
inverted flat roofs. Furthermore, the possible inter-
actions between the extruded polystyrene (XPS) and
two types of synthetic waterproofing membranes
(TPO and EPDM) are also studied.

Sometimes flat roofs must resist a layer of soil
with a significant thickness (green roofs), thicker
pavements, extra loads or installations which are
not placed on independent structures but directly
over the roof. Installations such as: air condition-
ing, absorption and cooling units, solar thermal
generation systems, etc. In these cases the pressure
between materials is greater than usual, and XPS
mitigates the overloads. This paper also analyzes the
effect of the pressure between the materials and its
consequences.

The pressures between materials of the most
common ballasted roofs can be calculated adding
the weights of the materials that the waterproofing
membrane has over it, and dividing the result by a
unit of area, giving the following pressures:

* Stone- ballasted roof with 5 cm thick of gravel =
14.61 g/em”.

* Stone- ballasted roof with 10 cm thick of gravel
~29.23 glem’.

*  Paved-ballasted roof with 8 cm thick of mortar
and tiles or concrete ~ 21.38 g/cm”.

These values were reached cons1dermg two lay-
ers of geo-textile of 300 g/m”, XPS of 5 cm thick
and a specific density of around 33 kg/m’, river sili-
ceous gravel of a particle size between 20 - 40 mm
with a density of about 1700 kg/m’and pavements
made of mortar and floor tiles or concrete with a
specific density of around 2150 kg/m’.

2. STATE OF THE ART

Most polymers are incompatible with each other
(3). Furthermore, the materials usually placed in
inverted flat roofs are mainly polymers, as for exam-
ple the geo-textiles used as auxiliary separating lay-
ers are normally made of polymeric materials such
as polyester or polypropylene. XPS is a polymeric

foam, additionally there are different types of syn-
thetic polymeric waterproofing membranes nor-
mally used in the building industry, such as the
PVC-P waterproofing membranes.

PVC-P can contain a wide variety of additives
(4), such as plasticizers, which increase the plasticity
of the material. Plasticizers are included in the man-
ufacture of PVC-P to increase its flexibility, work-
ability or distensibility (5); besides plasticizers of
plastic materials can move to another substance or
material, such as food products, liquids (6), or even
to another plastic (7), this phenomenon is known as
plasticizers migration. Moreover, crude polystyrene
in favorable conditions is capable of taking plasti-
cizers contained in other plastics as it is the case of
PVC-P (8).

Under normal weather conditions XPS inter-
act with PVC-P waterproofing membranes in the
inverted flat roof (9). This interaction can be sum-
marized as the migration of plasticizers from PVC-P
to XPS (2). This may be considered an incompatibil-
ity (10), as eventually PVC-P loses many of its prop-
erties —becoming stiffer and even shrinking- (11).

Other common types of synthetic waterproof-
ing membranes are polyolefins, such as the ther-
moplastic polyolefin (TPO) and the ethylene
propylene diene monomer (EPDM), which is an
elastomer, viscoelastic amorphous thermo polymer
(12). However, the interactions between these mate-
rials and the XPS in the inverted flat roof have not
been described.

According to ASTM D-1418 — 17, EPDM is an
M-class rubber (13). The M class refers to the satu-
rated backbone structure, which includes rubbers
which have a saturated chain of a polymethylene
type. EPDM materials have excellent resistance to
heat, oxidation, ozone and weather aging due to
their stable saturated polymer backbone structure.
They have good electrical resistivity (as non-polar
elastomers), as well as resistance to polar solvents,
such as water, diluted acids, alkalis, phosphate esters
and many ketones and alcohols (14). However,
EPDM materials are totally unsuitable with petro-
leum based fluids such as all mineral oil products,
lubricants, fuels, etc.

EPDM materials are divided into two types:
sulfur-cured and peroxide-cured. The sulfur accel-
eration systems can obtain materials with heat resis-
tance up to 130°C (15) with a better durability. The
peroxide-cured compounds are suitable for higher
temperatures, a heat resistance up tol160°C can be
obtained with this system. The amorphous or low
crystalline grades have excellent low temperature
flexibility with glass transition points of about
-60°C (16). These polymers may include additions
of fillers and plasticizers (17).

EPDM waterproofing membranes have been
used in the low-slope roofing industry for over 40
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years and they do not have internal reinforcement.
On the contrary, TPO waterproofing membranes do
have internal reinforcement and have been used for
more than 40 years in the Civil Engineering indus-
try, especially for waterproofing of landfills, ponds
and water canals. However, the excessive stiffness of
these materials made them unsuitable for building
roofings until 1991 (18).

Polyolefins can be defined as every synthetic resin
made by olefins or alkenes polymerization. They
are hydrocarbon molecules with at least one double
carbon—carbon bond. Polyolefins are polymer mole-
cules made using either free-radical, ionic initiators,
inorganic (metal oxide) or organic-metallic catalysts
(19). Each polymerization process produces a dif-
ferent Polyolefin type, being the linear high-molec-
ular-weight thermoplastic polymers the ones mainly
produced.

To a lesser extent than PVC-P, thermoplastic
polyolefins do normally contain additives (such as
stabilizers, inorganic and organic fillers, antioxi-
dants, antistatic agents, etc.), but they do not con-
tain plasticizers (20).

The thermoplastic polyolefins can be divided in
two types: polyethylene and polypropylene, which in
turn they are subdivided into several grades regard-
ing their different applications. Commercial poly-
ethylene resins are normally copolymers of ethylene,
with varying fractions of o-olefin comonomer,
which changes the physical properties and applica-
tions of polyolefins. The most common o-olefins are
I-butene, 1-hexene, and 1-octene (21).

The polypropylene resins are mostly isotactic mate-
rials nevertheless a few syndiotactic grades are also
available. There are two principal types of Propylene
copolymers: random propylene/ethylene copolymers,
and impact propylene/ethylene copolymers (22).

The TPO waterproofing membranes used in the
building industry are most often produced by a mix-
ture of polyolefins which form a stable and flexible
polymeric compound.

There is a low knowledge about what materials
are really incompatible in flat roofs. Therefore, it is
important to clarify the risks of placing -in close
contact- certain materials, the quality of auxiliary
separating layers to reduce interactions, and the
conditions favoring these interactions. Flat roofs are
often designed and built improperly because of this
lack of knowledge, giving eventually less durability
to the system.

Several researchers have studied the interactions
and incompatibilities in flat roofs. A previous paper
studied the importance of placing auxiliary separat-
ing layers in flat roofs, being of crucial importance
for roofs’ refurbishment (1). At some time, flat roofs
need to be rebuilt, and frequently the new roof is built
over the old one, consequently the new waterproof-
ing material is placed over the existing waterproofing
layer. In some of these cases the auxiliary separating

layer is crucial to keep the integrity of the new water-
proofing membrane. The interactions between XPS
and PVC-P waterproofing membranes was previ-
ously analyzed testing an inverted flat roof (in use)
(2) and testing in the laboratory all the materials with
different configurations (9) , including two types of
geo-textiles as auxiliary separating layers. Finally,
other paper analyzing the interactions between XPS
and PVC-P was found, considering the deterioration
of the PVC-P. This research analyzed, with a scan-
ning electron microscope (SEM), the surface and the
elemental composition of different samples (10).

The present study was conducted in Spain, spe-
cifically in the Madrid area, and unlike the previ-
ous papers, this article shows the results of several
laboratory tests performed with XPS and synthetic
waterproofing membranes of EPDM and TPO. It
also analyzes the efficiency of six auxiliary separat-
ing layers (not previously tested) and studies the
pressure effect on the interactions.

3. OBJETIVE

This study aims to enlarge the knowledge regard-
ing the incompatibilities between the most important
synthetic waterproofing materials and the extruded
polystyrene used in inverted flat roofs. It also quan-
tifies the pressure effect on the degradation of the
PVC-P waterproofing membranes and explores
the effectiveness of alternative auxiliary separating
layers to reduce interactions and incompatibilities
depending on their thickness and composition.

4. MATERIALS AND METHODS

The methodology followed unfolds in three
experimental short-term tests (23) performed in the
laboratory in order to obtain information about the
different conditions of pressure and the behavior of
the different types of materials used in the inverted
flat roof. The first test analyzed the efficiency of
different auxiliary separating layers in the inverted
flat roof, the second test studied the pressure effect
on the deterioration of a synthetic waterproofing
membrane and the third test analyzed the possible
interactions between XPS and the waterproofing
membranes of EPDM and TPO.

The methodology followed was based on standard
ISO 177:2016 (24). This Standard describes a test were
plastic materials are exposed to a heat for a period of
time in order to determine the tendency of plasticiz-
ers to migrate from plastic. The tests were performed
using different synthetic waterproofing membranes
and XPS as the absorbent material of plasticizers.

The tests followed the procedure of ISO 177:2016
standard, but it was adapted to the conditions of
the inverted flat roof, as the reference temperature
set by the standard is 70 °C. However at this tem-
perature XPS may present thermal degradation (2).
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Moreover, the established absorbent material set
by ISO 177 is a rubber disc, nevertheless these tests
were performed with XPS instead of rubber in order
to simulate an inverted flat roof cross section and
because XPS is also capable of absorbing plasticiz-
ers (8). Also, the pressures of the tests performed
were much lower than the one specified by the stan-
dard in order to make accurate tests and close to the
conditions of the inverted flat roof.

The tests intend to study the efficiency of differ-
ent auxiliary separating layers in identical condi-
tions; to analyze the effect of the pressure between
the samples on the degradation of the materials (in
identical conditions and only varying the pressure in
the different configurations); and finally to prove the
compatibility of XPS and the waterproofing mem-
branes of TPO and EPDM in a test based in the ISO
177:2016 standard and with identical conditions.

The general bases of the tests are described in
Figure 2, were the materials involved, the interac-
tion and the effect of the pressure are described. The
materials tested were placed in close contact, and
under defined conditions of pressure, temperature,
and time. The mass loss of the samples after the test
was recorded and becomes a measure of plasticizer
migration. The more mass lost the greater damage
in the waterproofing membrane.

The temperature of all the tests was 50 °C,
and every configuration was always tested three
times. In the tests performed the XPS was IV type

FIGURE 2.  Schematic image describing
the general rules of the tests.

ROOFMATE SL - 30 mm, the cylindrical samples
had 60 mm of diameter. The disc shaped water-
proofing membranes samples had a diameter of
50 mm. To weigh the samples, a scale with a 0.001g
of precision was used. The difference between the
previous and the final mass would be the mass loss
of this material. The results of every test and config-
uration are presented showing the average, the stan-
dard deviation and the RSD% or relative standard
deviation in percentage.

The details of the three different tests performed
are shown in the next subsections.

4.1. Analysis of auxiliary separating layers

The first test analyzed the effectiveness of eight
different types of auxiliary separating layers to
avoid interactions and incompatibilities (six of them
no tested before). The test was performed in a fur-
nace during thirty days at 50 °C and with a pressure
-between the samples- of 4.634 g/cm’.

The 4.1 image in the superior part of the
Figure 3 shows the details of this test, i.e. the same

FIGURE 3. Schematic images describing the three tests
performed.
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configuration presented in Figure 2, but including
eight different types of auxiliary separating layers
between the XPS and the synthetic waterproofing
membranes, which in this test were made of PVC-P.
The brands of the waterproofing membranes used
were Sarnafil © G410 - 12 and Sikaplan © 12 G,
every PVC-P sample was tested three times with
each auxiliary separating layer. All waterproofing
samples were weighed before placing them in the
furnace, and after removing them.

The auxiliary separating layers were chosen to
test all the possibilities offered by the UNE 104416
Standard (25). This Standard regulates the imple-
mentation of synthetic waterproofing systems in
roofs. The samples of auxiliary separating layers
had a circular shape with a diameter of 60 mm.

Eight types of auxiliary separa‘ung2 layers were
used polyester geo-textile of 150 g/m and 300 g/

olypropylene geo-textile of 150 g/m” and 300
g/m polyethylene films of 70 g/m” (0.1 mm) and
140 g/m (0,2 mm) 4 and 8 mills respectively accord-
ing to ASTM D2103 standard (26), and finally two
fiberglass felts of 80 g/m” and 160 g/m”. The results
were estimated by calculating the average of the
mass loss values of the three samples tested in every
configuration.

4.2. Analysis of the pressure effect on the
degradation of waterproofing membranes

The second test studied the pressure effect on the
degradation of synthetic waterproofing membranes
in an inverted flat roof. It was carried out in a fur-
nace during fifteen days at 50 °C and w1th a pressure
(between the samples) of 4. 634 glem’, 7.792 glem’,
13.975 g/em” and 24.092 g/em’.

Image 4.2 of Figure 3 presents four configu-
rations in which the only variable is the pressure
between the materials. The PVC-P membrane tested
was Sikaplan © 12 G and it was weighed before and
after the test.

The results of every configuration were estimated
as in the previous test, i.e. by calculating the average
of the mass loss values of every configuration.

As well as the rate of plasticizer loss increases
when the temperature rises (27), it is predictable that
the greater pressure between the materials the higher
interaction.

4.3. Analysis of interactions between synthetic
waterproofing membranes and XPS

The last experimental test studied the interac-
tions between three types of synthetic waterproof-
ing membranes (two of them no tested in previous
studies) and the XPS. The interactions between the
PVC-P waterproofing membranes and the XPS were
previously studied. These interactions generate over
time plasticizers migration from PVC-P to XPS in

normal conditions of any inverted flat roof (9). This
phenomenon produces significant deterioration
in the waterproofing membrane, including: plasti-
cizer migration, dehydrochlorination and oxidative
degradation (10). The test developed in this part
intends to analyze possible interactions between the
XPS and the synthetic waterproofing membranes of
EPDM and TPO. Nevertheless this test also includes
samples of PVC-P in order to get general findings of
the main synthetic waterproofing membranes in the
same experiment and with identical conditions, since
PVC-P and XPS were previously tested but mainly
in different conditions of temperature and time. The
image 4.3 in Figure 3 describes the experiment.

The test was performed w1th a pressure between
the samples of 4.634 g/em’, in the same furnace
and during fifteen days at 50 °C. The synthetic
waterproofing membranes analyzed were: Sarnafil
® G410-12 and Sikaplan ® 1,2 G Sika (PVC-P
membranes); Sikaplan® WT 4220-15C — Sika and
Sarnafil® TS 77-12 — Sarnafil (TPO membranes);
and finally the EPDM Giscolene 200 — M — Giscosa
- Firestone.

Polyolefins, as many other polymers, are not
products defined by particular specifications. Each
manufacturer offers a wide variety of products with
different composition and properties, adapted to the
specific applications in which the material will be
finally used. Thus, polyolefins must be considered
as varied materials in their properties as could be
wood or steel. As a Polyolefin, the composition of
TPO waterproofing membranes can present differ-
ences depending on the manufacturer. TPO, theori-
cally, do not have plasticizers in their composition.

The composition of EPDM may include sub-
stances which can be considered as plasticizers, such
as paraffinic oil and ester plasticizer -which in its
simplest concept is a high-boiling organic solvent
that when it is added to an elastomeric polymer it
reduces the stiffness and allows an easier processing
(5)-. The results are shown calculating the average
of mass loss values of the three cases analyzed.

5. RESULTS AND DISCUSSION
5.1. Analysis of auxiliary separating layers

This section presents the results of the tests
performed in the furnace during thirty days at
50 °C, offering mean values, standard deviation
and RSD% of the results. The efficiency of every
auxiliary separating layer is measured comparing
the results of mass loss with the ones obtained by
the samples in direct contact with XPS. The results
of this test are shown in the Table 1.

There is no relation between the brands of the syn-
thetic waterproofing membranes tested and the stan-
dard deviation values. However, this is not the case of
the configuration of the samples. The configuration

Materiales de Construccion 68 (331), July-September 2018, e167. ISSN-L: 0465-2746. https://doi.org/10.3989/mc.2018.07617



Synthetic waterproofing membranes and auxiliary separating layers * 7

TABLE 1. Mean values of mass loss, standard deviation and
RSD in percentage. Test in the furnace during thirty days at 50 °C.

Configuration of the samples

Direct contact between XPS and PVC-P

PVC-P Membranes Average c RSD%
1* Brand 0.044 0.00252  5.763%
2" Brand 0.041 0.00208  5.119%
Auxiliary separating layer of Polyester Geo-textile 300 g/m’

PVC-P Membranes Average c RSD%
1¥ Brand 0.007 0.00058  8.660%
2" Brand 0.006  0.00058  9.116%

Auxiliary separating layer of Polypropylene Geo-textile 300 g/m’

PVC-P Membranes Average c RSD%
1¥ Brand 0.011 0.00058  5.413%
2™ Brand 0.008 0.00000  0.000%
Auxiliary separating layer of Polyester Geo-textile 150 g/m’
PVC-P Membranes Average c RSD%
1* Brand 0.006  0.00058  9.116%
2™ Brand 0.007  0.00058  7.873%
Auxiliary separating layer of Polypropylene Geo-textile 150 g/m’
PVC-P Membranes Average c RSD%
1* Brand 0.010  0.00058  5.973%
2" Brand 0.009  0.00058  6.662%

Auxiliary separating layer of Polyethylene film 140 g/m’

PVC-P Membranes Average c RSD%
1¥ Brand 0.022 0.00208  9.321%
2" Brand 0.023  0.00058  2.547%
Auxiliary separating layer of Polyethylene film 70 g/m”

PVC-P Membranes Average c RSD%
1¥ Brand 0.021 0.00208  9.758%
2™ Brand 0.024 0.00200  8.333%

Auxiliary separating layer of Fiberglass felt film 160 g/m”

PVC-P Membranes Average c RSD%
1* Brand 0.007 0.00058  7.873%
2™ Brand 0.006 0.00058  9.116%
Auxiliary separating layer of Fiberglass felt film 80 g/m’

PVC-P Membranes Average c RSD%
1* Brand 0.006 0.00058  9.116%
2" Brand 0.008 0.00058  7.531%

with the greatest values of standard deviation is:
direct contact between XPS and PVC-P, followed by
polyethylene films. The rest of the values are similar
to each other. When the mass loss of the samples
decreases, the results are closer to each other, and
consequently standard deviation values are lower.
The RDS% values showed in Table 1 are between 0 %
and 9.116 %, and they do not follow any visible rule.
The precision of the values are within the require-
ments of the ISO 177 standard (24).

To comply with the requirements of the ISO 177
the mean value of the results has to follow a rule.
Every configuration was tested three times with
different samples of the same material. The mean
deviation of the three weights could not be greater
than 10% when compared to each single weight.
This norm was applied and achieved in all the tests
presented in this study. When the results were unac-
ceptable the test was repeated.

In order to clarify the results, Figure 4 presents
a graph with the mean values of mass loss obtained
for every configuration in percentage. The materi-
als of identical composition obtained results which
were quite similar to each other, independently of
their mass. This is an important factor to take into
account, as the UNE 104416 standard (25) indicates
the minimum weights per square meter of some of
these auxiliary separating layers to avoid incompat-
ibilities. After considering the results, the weight or
the thickness of these materials are not as impor-
tant, at least with low pressures.

The results of the two brands tested were quite
similar, in most of the cases there were small differ-
ences between them for the different configurations.
The most effective auxiliary separating layer was the
polyester geo-textile, followed by the fiberglass felts,
the polypropylene geo-textile and finally the poly-
ethylene films which were the least efficient.

Therefore, any of these auxiliary separating lay-
ers can be used to avoid the interactions, but all of
them to a greater or lesser extent only reduce the
interactions, they do not avoid them completely.

Two of these auxiliary separating layers were
previously tested in another study (2), specifically
geo-textiles of polyester and polypropylene of 300
g/m’, but they were tested in different conditions of
time and temperature. Therefore, the results cannot
be compared in identical conditions, as the compari-
son would not add anything significant. The find-
ings of this previous paper show that temperature
and time affected significantly to the mass loss of
the samples tested. The present article confirm those
results being more important the temperature fac-
tor than time. The previous paper concluded that
the unique manner to avoid interactions is placing
metallic barriers between the synthetic waterproof-
ing membrane and the XPS, for instance an alumi-
num foil of 0.013 mm thick would be enough.

The present study intended to test new materi-
als for this end, and specially to analyze the relation
between the thickness and the efficiency of these
materials. Thus, only fiberglass felts improved the
efficiency of polypropylene geo-textiles, but again
the most recommendable auxiliary separating layer
currently available in the market would be the poly-
ester geo-textile. Nevertheless the thickness of this
material is not important to improve the perfor-
mance of the inverted flat roof, at least at low pres-
sures. Currently the manufacturers of the building
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Configuration of the samples

Fiberglass felt 80 g/m? | 0.220%

Fiberglass felt 160 g/m? | 0.216%

Polyethylene film 70 g/m? | N 0.715%

Polyethylene film 140 g/m? | 0.715%

Polyproplene Geo-textile 150 g/m? I 0.288%

Polyproplene Geo-textile 300 g/m? I 0.296%

Polyester Geo-textile 150 g/m? (I 0.215%

Polyester Geo-textile 300 g/m? | 0.205%
Direct contact (I 1. 336%

0 0.002 0.004 0.006 0.008 0.010 0.012 0.014

Percentage of mass loss

FIGURE 4. Mean values of mass loss for every tested configuration (in percentage).

FIGURE 5. Interaction between the samples of PVC-P and XPS, with a Polyethylene barrier in between during the test.

industry do not offer metallic barriers to improve
the performance of the inverted flat roof.

It is noticed that polyethylene films do not have a
good response reducing the mass loss, but also they
do not prevent interactions. These materials are not
suitable to be used as auxiliary separating layers.
Figure 5 shows the interaction produced in the XPS
surface even with a polyethylene barrier is used.

5.2. Analysis of the pressure effect on the
degradation of waterproofing membranes

The results for this test in the draft furnace dur-
ing fifteen days at 50°C are shown in Table 2, which
are presented offering mean values, standard devia-
tion and RSD% of the results.

The results of Table 2 show a clear increase in the
mass loss of the samples depending on the pressure
applied. In this case, values of the standard devia-
tion and RSD% increase as the pressure applied on
the sample increases.

Figure 6 shows the relation between the pres-
sure applied and the mass loss for each sample.
The relation between these factors is almost lin-
eal, indicating that the more pressure the more
mass loss, and consequently the risk of deterio-
ration of this synthetic waterproofing membrane
increases when the pressure rises. Nevertheless, the
relation between the pressure and the mass loss in
the sectors between the pressures increase slightly
and consequently the slope of the linear relation
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increases as well, which might indicate that prob-
ably at higher pressures the interaction could be
much greater.

The most common pressures for the materials of
the ballasted flat roofs are approximately between
14 g/cm® and 21 g/em’, however there are many fac-
tors in the building industry that can increase these
pressures, such as the type and thickness of the bal-
last and the use of the roof (gardens, parking lots at
the ground level, etc.).

Previous studies did not analyze the pressure
effect on the deterioration of the materials. The
present paper intend to study the importance of the
pressure between the materials for waterproofing
deterioration, and indeed this effect is very impor-
tant for the durability of synthetic waterproofing
membranes (incompatibles with the XPS), and con-
sequently the pressure between materials may affect
significantly to the life cycle of the inverted flat roof.

5.3. Analysis of interactions between synthetic
waterproofing membranes and XPS

This experiment was performed in the draft fur-
nace during fifteen days at 50 °C the results are
shown in Table 3 offering mean values, standard
deviation and RSD values in percentage.

TABLE 2. Average results, standard deviation and RSD%
of the test performed in the draft furnace during fifteen
days at 50 °C.

Configuration of the samples
Direct contact between XPS and PVC-P

Pressures Average c RSD%
4.634 g/cm2 0.032 0.00082 2.552%
7.792 g/em’ 0.034 0.00183 5.370%
13.975 g/cm2 0.037 0.00216 5.839%
24.092 g/em’ 0.042 0.00374 8.909%

In spite of the fact that the mass loss of PVC-P
was more than double of EPDM, both materials
had a significant mass loss. However TPO water-
proofing membranes underwent a tiny mass loss
after the test, this was predictable, since these mate-
rials do not contain plasticizers. TPO waterproof-
ing membranes may have a diverse composition, the
mass loss registered for this material after the test
could be related with volatile substances contained
in it. In fact, the ISO 177 standard indicates that
these substances can be released in this test.

Except for the results obtained in TPO mem-
branes, the values of standard deviation and RSD%,
were approximately within the range of the previ-
ous tests carried out. In the case of TPO, the mass
loss was very small. When this test is performed
with TPO samples, a scale with a 0.0001g of preci-
sion should be used or even other more precise. The
ISO 177 standard indicates to use a scale with 0.001
g of precision nonetheless in this case, it was not
enough. It is highly complicated to fulfill the preci-
sion requirements of the standard when the weights
of the samples fluctuate only 0.001 g.

TABLE 3. Average, standard deviation and RSDY% of the
results. Test in the draft furnace during fifteen days at 50 °C.

Configuration of the samples
Direct contact between XPS and PVC-P

PVC-P Membranes Average c RSD%
1¥ Brand 0.032  0.00200 6.250%
2™ Brand 0.032  0.00321 9.942%
TPO Membranes Average c RSD%
1" Brand 0.001  0.00000 0.000%
2" Brand 0.001  0.00000 0.000%
EPDM Membrane Average c RSD%
1¥ Brand 0.015  0.00115 7.531%

Mean values of mass loss

1.600%

1.400%

1.200%

1.000%

0.800%

1.115%

Pressures of common ballasted
roofs in buildings

1.364%

4.634 g/cm?

7.792 g/cm? 13.975 g/lcm? 24.092 g/cm?

Pressure between materials

FIGURE 6. Relation between the pressures applied and the mass loss of the samples in percentage.
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Synthetic waterproofing membranes of:

PVC-P (I 1.026%
EPDM (I 0.580%

TPO |l 0.034%

T
0 0.002%

0.004%

0.006% 0.008% 1.000%
Mean values of mass loss

FIGURE 7. Mean values of mass loss in percentage of the synthetic waterproofing membranes tested.

FIGURE 8. Image of a sample of EPDM waterproofing
membrane and the traces of the interaction with the XPS,
which are pointed out with red arrows on its surface.

The figure 7 shows the mean values in percentage
of the mass loss of every type of synthetic water-
proofing membrane tested.

When PVC-P interact with XPS in the inverted flat
roof the polystyrene foam undergo a transformation
in contact with PVC-P, this phenomenon was previ-
ously studied (2). The waterproofing membrane of
EPDM lost significant mass in direct contact with
the XPS, in this process the material lost additives
and this circumstance undoubtedly deteriorates the
material in the long term. Additionally, both materi-
als interact and the remains of this interaction are
pointed out with red arrows in the Figure §.

By contrast, in PVC-P waterproofing membranes,
the interaction between EPDM and XPS does not
follow a uniform pattern. The traces of the interac-
tion are spread on the surface of the XPS sample
randomly. Every sample tested had similar behavior,
and in all of the cases the traces or remains of inter-
action appeared on the surface of the XPS sample.

The waterproofing membranes of PVC-P were
previously tested in direct contact with XPS (2). The
first experimental part of this previous paper tested

three different brands of PVC-P in direct contact
with XPS during seven and fifteen days at 70 °C.
The mean values of mass loss were: 2.179 % in the
test during seven days, and 2.643 % after fifteen days
(1.026 % after fifteen days and at 50 °C in the pres-
ent study), consequently time is an important factor
to take into account, but temperature is much more
important for the deterioration of waterproofing
membranes.

The second experimental part, of the previ-
ous paper above-mentioned, tested nine different
brands of PVC-P in direct contact with XPS, during
fifteen days at 50 °C, i.e. identical conditions with
the present study (the pressure between materials
was also the same). In this case the mean value of
mass loss was 0.864 %, and the nine brands ranged
from 0.576 % to 1.199 % of mass loss. The result
of the present part of the study (1.026 %) is within
the range stablished by the previous research work.
Moreover, the result of mass loss of the brand tested
with identical pressure (4.634 g/cm’) -in section
5.2- is 1.044 %, which is also within that previous
range. The composition of PVC-P waterproofing
membranes varies widely depending on the manu-
facturer. Additives included in the manufacturing
process have a special role in the results of mass loss
of every brand studied.

The goal of this part of the study is to analyze
the interaction between XPS and the waterproofing
membranes of TPO and EPDM in the inverted flat
roof, and to establish the incompatibility grade in
comparison with PVC-P, which was already previ-
ously analyzed in depth.

6. CONCLUSIONS

The auxiliary separating layers must be placed
always in the inverted flat roof. This is advisable even
with compatible materials in order to provide free
movement and physical protection to the materials.

The Polyester geo-textile is the best option to be
used in inverted flat roofs. However, this material
does not offer good resistance to the alkalinity of
cement, so for the pavement of roofs the best option
is the Polypropylene geo-textile.
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The Fiberglass felts provide good protection to
reduce interactions. However these materials are not
commonly used for this purpose and the material
should be properly tested before using it. The micro-
organism resistance is not totally clear.

The Polyethylene films cannot be used as auxil-
iary separating layers in the inverted flat roof since
they are not effective to prevent the deteriorative
interactions.

At low pressures, the mass per square meter of
auxiliary separating layers of identical composition
is not decisive to cut down interactions. The results
obtained are very close to each other independently
on the thickness of the auxiliary separating layers
analyzed.

There is a clear relation between the pressure
applied on the materials of the inverted flat roof
and the interaction between them. The more pres-
sure the more chance for a degenerative interaction.

The inverted flat roofs with loads that apply
greater pressure than usual have to dispose efficient
auxiliary separating layers to separate the water-
proofing membrane from XPS.

The waterproofing membrane of EPDM is
incompatible with XPS, thus this material must be
properly separated to enlarge the life cycle of the
roof.

The waterproofing membrane of TPO is compat-
ible with the XPS. However, it is advisable to use
auxiliary separating layers to get physical protection
and independence of the movements.

The temperature is crucial for the deterioration
of incompatible waterproofing membranes in the
inverted flat roof. For this reason, in this construc-
tion system, thicker XPS plates would reduce the
interaction, since it would also reduce the tempera-
ture in the contact surface of both materials.
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