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Summary 

This paper aims at two specific layers of the low slope roof compositions. Namely the 
layers waterproof membrane and thermal insulation. 

We elaborate on expanded polystyrene and mineral fibre types of thermal insulations 
and on PVC waterproof membrane. First we analyse most common failure types of each 
component and it is followed by design of reconstruction tenets. 
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1 Introduction 

There is a wide variety in roofing compositions of low slope roofs in Slovakia. It is given by 
the large amount of various materials used for this purpose, as well as by the development 
of structures and materials for such roofs. In the past few decades, the development of 
materials used as waterproof membranes and thermal insulations layers has been enormous 
and new knowledge in their manufacturing and processing has been achieved. 

Roof assembly should be designed to ensure certain required properties during its 
lifetime. Their main aim is the protection and assurance of indoor environment against 
outdoor climatic conditions. The waterproof membrane and thermal insulation layers 
require most attention. At present, as thermal insulation, the expanded polystyrene (EPS) 
and mineral fibre boards are the most frequently used materials, and single ply PVC 
membrane is commonly used as the waterproofing layer. 

2 Thermal insulation 

2.1 Expanded polystyrene 

2.1.1 Failure example 

Very frequent type of failure of EPS boards is change (deformation) in volume caused by 
temperature stresses. This failure type manifests itself by waterproof membrane 
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deformations (ripples) above the joints of the EPS boards. Based on temperature changes 
and temperature differences on the EPS boards they can: 

▪ prolong or shorten 
▪ bend-board centre part elevation in summer and board edges elevation in winter 

conditions as shown in Fig. 1. 

Summer 

Winter 

 
Fig. 1 EPS board deformation in low slope roof assembly 

2.1.2 Design of reconstruction tenets 

Ripples (waves) on waterproof membranes should be eliminated (cut) and the membrane 
should be regularly perforated by more than 2% of the roof area. The new additional layer 
of thermal insulation shall be mechanically attached to a substrate and the new membrane 
shall be applied above the new EPS boards. 

2.2 Mineral fibre 

2.2.1 Failure example 

This material is very sensitive to humidity. From this point of view, the biggest mistake is 
applying already moist fibre boards into the roof assembly. It can be increased by incorrect 
realization processes or by not sufficient protection against weather conditions (rain, snow). 
One of the main characteristics of mineral fibre is water absorption. Based on the laboratory 
measurements water absorption of mineral fibre is considerable. Results are shown in 
Fig. 2. Another problem of this thermal insulating material is its desiccation. In real in site 
conditions this even can not occur. Desiccation experiment results are shown in Fig. 3. 
Another problem is using boards of inappropriate densities. The load during construction 
(realization process and method) must be taken into account. Insufficient (irregular) 
attachment of waterproof membrane to fibre substrate is another drawback. 

2.2.2 Design of reconstruction tenets 

▪ If the material is saturated, it is necessary to remove it and replace it with the new 
one. 

▪ In case of appropriate mass moisture, the old waterproof membrane shall be 
perforated. New layer of convenient thermal insulation (with suitable density) should 
be mechanically attached to the substrate and subsequently the new waterproof 
membrane installed. 
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Fig. 2 Schematic course of moisture  
absorption of fully sunk mineral fibre specimen

0

100

200

300

400

500

0 20 40 60
time [hours] 

m
as

s 
m

oi
st

ur
e 

[%
] 

80

Fig. 3 Schematic course of moisture  
decrease of mineral fibre specimen at 80C 

3 Waterproof membrane 

It can be stated that single ply PVC membrane is a modern waterproof material. There are 
some issues with material and we will point at these areas: 

▪ mass change of PVC membrane in contact with EPS, 
▪ mass change of PVC membrane in contact with oxidized asphalt. 

3.1 Mass change of PVC in contact with EPS 

The mass loss of PVC specimens in dependence on contact time exposure and specimen 
surroundings was 0.09 % to 4.79 % as shown in Fig. 4. The highest loss in the mass is the 
result of volatile compounds from the PVC specimen. Hence softeners, which are not 
firmly tied to the PVC matter. Direct contact caused not only mass changes in the PVC but 
also in the EPS boards. The PVC mass loss is caused by a softener evaporation and 
migration to the specimen surroundings. For the EPS specimen in direct contact with PVC, 
mass gain was recorded. Contact of PVC and EPS is not causing only softener loss by 
migration into EPS, but also by evaporation. Direct contact of PVC membrane and EPS 
resulted in mass increase of EPS specimen. 

3.2 Mass change of PVC in contact with oxidized asphalt 

The changes in the mass of the specimens with the combination PVC and oxidized asphalt 
were observed. PVC membranes lost 0.19 % to 1.88 % of their mass and this was dependent 
on the contact exposure time as shown in Fig. 5. This loss is caused by a softener 
evaporation and migration to the specimen surroundings. The mass of oxidized asphalt part 
in direct contact with PVC membrane increased. 

3.3 Design of reconstruction tenets 

Failure elimination of PVC membrane is usually done by its complete replacement with 
the new membrane. 
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Fig. 4 Mass change comparison  
of PVC and EPS specimens 
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Fig. 5 Mass change comparison  
of PVC and oxidized asphalt specimens 

4 Conclusions 

Based on the long lasting observations and low slope roofs failure analysis it is necessary 
to state that the most important cause of failures is moisture. Its presence in the low slope 
roof assembly causes changes which compromise the integrity and functionality of roofs. 
Also thermal insulating properties of roof assemblies are influenced by amount of water 
content. 

Roof assembly should be designed to ensure certain required properties during its 
lifetime. Their main aim is the protection and assurance of indoor environment against 
outdoor climatic conditions (rain, temperature changes, snow, wind etc.). 

The PVC membranes’ results are measured on specimens during laboratory 
experiments. 

Influence of roof on building energy efficiency lies mainly in the composition of roof 
assembly and building’s shape. In the energy requirements calculation, it is important to 
take into account primary input energies of all materials used on roofs. New technologies 
of roofing materials production are based not only on the primary energy savings. 
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