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1. Introduction 

This study started by compiling information on waterproofing membranes. These are used in one of 

the most important element in buildings, the roof. There are three types of roof: flat or terrace, 

pitched roof and mixed (flat and pitched). Since the main focus of this work is waterproofing mem-

branes, it is important to analyse flat roofs. Despite the name, this type of roof must have a slope of 

at least 1%, and this value can increase depending on the country’s regulation (RGEU in Portugal). 

The percentage of pitched roofs is still much higher than that of flat roofs, but this difference has 

been decreasing. According to the National Statistics Institute (INE), there was a decrease in the 

percentage of buildings with pitched roofs. Flat roofs are increasingly being used in Portugal, 

more specifically in Algarve, Madeira, Oporto and Lisbon. 

The main problems in flat roofs are caused by poor design and execution of the waterproofing 

membranes, which do not allow meeting the requirements of watertightness. Therefore, the de-

velopment and planning of maintenance and repair actions is required. 

Over the years the techniques and knowledge about these topics were evolving without any con-

cern for the environment, but with the densification of the population in urban areas and the ag-

gravation of environmental problems it changed, leading to a more eco-friendly Society. 

The growing concern with the environment led to the creation of strategies to deal with the waste 

caused by the manufacture of waterproofing membranes, namely by recycling. This process will 

allow not only a reduction of waste but also a decrease of the use of raw material. 

2. Materials 

The roof is one of the most important elements of a building as it protects the latter from atmospheric 

agents. For this purpose, flat roofs have several layers (Lopes, 2010), such as:

• Bearing structure; 

• Smoothing mortar; 

• Shaping layer; 

• Vapour barrier; 

• Thermal insulation layer; 

• Waterproofing coating; 

• Desolidarization layer; 

• Protection layer. 

Since the main topic of this study is waterproofing membranes, some options will be analysed, 

which belong to the group of non-traditional materials. 

2.1 Bituminous membranes 

These membranes are made with one or two reinforcements and a bituminous coating modified with 

a resin. There are of two types: APP and SBS membranes. The first one has a plastomeric resin of 
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atactic polypropylene polymer, and the second one has an elastomeric resin of the styrene-butadiene-

styrene polymer. 

 APP membranes 

These membranes are usually made of glass or polyester fibre reinforcement, with a thickness be-

tween 3.0 and 5.0 mm. The nominal mass per surface unit corresponding to the thickness mentioned 

above range from 3.0 to 5.0 kg/m2. APP membranes are commercially available in rolls 1.0 m wide 

and 10 m long, which results in a roll weighing approximately 30 to 50 kg (Gonçalves et al., 2005). 

After presenting a few features of this type of membrane, some mechanical characteristics are 

analysed. The first one is the tensile strength, which is bigger in the longitudinal direction, more 

specifically in the manufacturing direction, than in the transverse direction. The values are 550-

1200 N in the longitudinal direction and 400-950 N in the transverse direction. This difference can 

be related to the existence of reinforcing fibres in the longitudinal direction. The tear strength is 

higher in the transverse direction, which confirms the influence of the reinforcing fibres, funda-

mentally arranged in the longitudinal direction (Lopes, 2010). 

 SBS membranes 

The thickness of these type of membranes, as well as the mass per surface, are identical to those of 

APP membranes. The manufactured membranes have a length of 10 to 20 m and a width of 1.0 m, 

but there are smaller rolls with length values from 5 to 8 m and width of 2.0 m (Gonçalves et al., 2005). 

Analysing the mechanical characteristics of this type of membranes it can be conclude that the 

values of tensile and tear strength are similar to the APP membranes. This was expected since 

the values depended of the reinforcement are equal in both cases. 

2.2 Plasticized PVC membranes 

PVC membranes are usually made of two or more overlapping films (or layers), whether rein-

forced or not. They are made of polyvinyl chloride resin, plasticizers, stabilizers, pigments and 

fillers. Their reinforcement is polyester or fiberglass. The latter has more than a function, since it 

minimizes shrinkage and the loss of plasticizer, which reduces the dimensional variations due to 

the action of heat. Low values of plasticizer can make the membranes less ductile, which favours 

cracking and leads more easily to rupture. 

These types of membranes are thinner than the previous ones (APP and SBS), with a thickness 

range of 1.2 to 1.5 mm and usually a mass per surface unit between 1.6 and 2.0 kg/m2. This product 

is sold in rolls with length between 15 and 25 m and width of 1.0 or 2.0 m (Gonçalves et al., 2005). 

2.3 EPDM membranes 

This type of membranes consists of ethylene-propylene-diene monomer and other additives, and 

they may be reinforced or not. The thickness of these membranes is about 1.5 mm, which makes 

them light and usually consist of a single layer. The mass per unit range between 1.2 and 2.3 

kg/m2. The membranes are sold in rolls of length between 15 to 40 m and with various widths. 

This last feature allows coating roofs in a single operation, avoiding more lap-joints than other 



 

3 
 

membranes which are usually the most critical areas of the waterproofing systems (Lopes, 2010). 

In terms of their mechanical behaviour subjected to heat, the tear resistance of these membranes 

not reinforced decreases and they become less ductile. 

2.4 Factorial method 

The factor method is one of the most used to define the service life of materials. Initially it is neces-

sary to define a reference service life, which is the expected value under standard conditions. Table 

1 shows the reference service life of the membranes mentioned above. 

 

Type of membranes Service life reference (RSL) 

APP membranes 10 years (UEAtc, BBA Moat 64, 2001) 

SBS membranes 10 years (UEAtc, BBA Moat 64, 2001) 

PVC membranes 10 years (UEAtc, BBA Moat 65, 2001) 

EPDM membranes 10 years (UEAtc, BBA Moat 66, 2001) 

 

According to ISO 15686, the factors that are multiplied by the reference service life are: 

• Factor A - quality of the construction product; 

• Factor B - project quality level; 

• Factor C - quality of execution; 

• Factor D - characteristics of the indoor environment; 

• Factor E - characteristics of the external environment; 

• Factor F - characteristics of use; 

• Factor G - maintenance level. 

These factors range from 0.8 to 1.2 and the formula to determine the service life through this 

method is (Hovde, 2004): 

Service Life Prediction (SLP) = Reference Service Life (RSL) x A x B x C x D x E x F x G 

Nowadays, to make the method more accurate, there are some database platforms that allow iden-

tifying the reference life of more than 900 construction products (Pinto, 2011). 

3. LCA 

Recently, environmental concerns have been increasing. One of the biggest problems at the mo-

ment is global warming. This phenomenon consists of the increase of the average temperature, 

causing melting of the polar caps and glaciers, and consequently the increase of the average sea 

level. For this reason, it is increasingly important to use tools to control the environmental perfor-

mance of products, such as the LCA (Life Cycle Assessment). 

This instrument was developed when environmental and energy concerns began. In 1969, the 

Coca-Cola Company, in the United States of America, began the first study of life cycle assess-

ment, analysing the consumption of resources (Belem, 2005). Then, in 1972, in the United King-

dom, the total energy used in the production of glass, plastic, metal and aluminium containers 

was calculated. However, it was only in the early 1990s that the concept of life cycle was consid-

ered in the industry. From that moment, the concepts and the way in which they are used were 

 

 

Table 1 - Reference service life 
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developed, increasing the application of LCA by companies. 

LCA is the compilation and evaluation of inputs, outputs and environmental impacts of products 

throughout their cycle, more specifically since the extraction of raw materials until their final des-

tination. This assessment may be used for the following purposes (NP EN 14040, 2007): 

• Identifying possible improvements in the environmental performance of products at vari-

ous stages in their life cycle; 

• Giving information to decision-makers in the industry; 

• Selecting relevant environmental performance indicators. 

The four phases of this process are definition of the objective and scope, inventory, impact as-

sessment and interpretation. The first phase is divided in six steps: product functions, functional 

unit, system frontiers, level of detail, system allocation and expansion procedures, and data qual-

ity requirements. 

There are a number of software tools that make the process of life cycle assessment easier. They 

are not yet widely used but they are being developed. They include the eLCA tool in Germany, 

LCAbyd in Denmark, among others in countries such as the Netherlands, France or Belgium. This 

type of tool will become more important if they can be used in the initial process of a project, 

where decisions about the choice of the materials that will be used in the buildings are made 

(Meex et al., 2018). With this help, decisions can be based on the assessment of their life cycle, 

substantially reducing the environmental impacts caused by the construction sector. 

For a comparative analysis of products, an EPD (environmental product declaration) can be used, 

which presents the environmental impacts of products. Some of the impacts studied in this type of 

document are: global warming potential, acidification potential, eutrophication potential, depletion 

potential of the ozone layer, abiotic resources depletion potential, photochemical ozone creation 

potential and the consumption of renewable and non-renewable primary energy resources. With the 

analysis of the EPD’s of waterproofing membranes, it can be concluded that the most harmful phase 

to the environment is the extraction of raw materials. For a better understanding of the environmen-

tal impacts, a detailed explanation about them will be presented next. 

Global warming potential 

This impact consists in a general increase in Earth’s temperature. The main cause for this environ-

mental situation is the emission of gases, due to industries, that cause a greenhouse effect. This 

phenomenon is characterized by a retention of solar rays that should be reflected to the space 

(Dombrowski, 2014). The gases that are responsible for most of the greenhouse effect are carbon 

dioxide (CO2), methane (CH4), hydrochlorofluorocarbons (HCFCs) and nitrous oxide (N2O). 

Acidification potential 

Through the combustion of fossil fuels, emissions of gases such as: sulphur oxides (SOx), oxides 

of nitrogen (NOX), ammonia (NH3) and hydrochloric acids (HCI) are possible. When these gases 

decompose, they form H+ ions leading to acidification of rain and the environment, which creates 

ecosystem changes (LCANZ, 2013). 
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Eutrophication potential 

The increase of nutrients in the water causes an abundant growth of biomass, i.e. an increase of 

the vegetal matter, altering the aquatic ecosystems and reducing the levels of oxygen. Some of the 

nutrients that cause this phenomenon are nitrogen and phosphorus (GHK, 2006). 

Depletion potential of the ozone layer 

The ozone layer is located in the stratosphere and prevents high amounts of radiation, emitted by 

the sun, from reaching the Earth’s surface. One of the major concerns about this element was the 

discovery of a “hole” and the constant deterioration due to the emission of pollutants such as bro-

mine and chlorine. These two compounds result mostly from CFCs present in aerosols. When they 

reach the atmosphere, they are exposed to ultraviolet radiation and decompose into substances 

that, by reacting with oxygen, destroy the ozone molecules. Although they have already been re-

placed by HCFCs almost entirely, due to the Montreal Protocol, the destruction of the ozone layer 

continues to occur (National Geographic, 2017). Protocols such as Montreal (1987) or Kyoto (1997) 

were created to try to protect and mitigate the damage of this layer. 

Abiotic depletion potential 

Abiotic depletion includes the use of both renewable and non-renewable resources. The problem 

began to emerge as resource reserves became small relative to the needs of the global population. 

The demand for energy in many human activities has increased considerably, consuming non-re-

newable resources, reducing their reserves on Earth (van Oers et al., 2002). 

Photochemical ozone creation potential 

This potential evaluates the ability of a compound to create ozone. This phenomenon occurs 

through the oxidation of carbon monoxide and volatile organic compounds, when there are oxides 

of nitrogen and the incidence of ultraviolet radiation in the troposphere (Andersson-Skold & 

Holmberg, 1999). 

Consumption of renewable energy resources 

The use of this type of resources is beneficial to the environment. Some of the renewable energies 

are wind, solar, biomass and geothermal energy (Bilgen et al., 2006). 

Consumption of non-renewable energy resources 

As the name indicates, non-renewable energy resources are exhaustible, or at least are not pro-

duced at the same rate at which they are consumed. The most commonly used resources today 

are oil and coal (Schiffer, 2016). This type of resources is extremely harmful to the environment. 

4. Rehabilitation 

Construction has always been a sector of great importance in Portugal. In recent years, this sector 

has undergone some changes, with a focus on the rehabilitation of buildings, especially in large 
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cities, such as Lisbon or Oporto. These changes were necessary because most of the existing 

buildings had a high degree of degradation. This phenomenon could have been attenuated if the 

buildings had a maintenance and rehabilitation plan. Maintenance has become a relevant part of 

the construction sector, as it can avoid many anomalies which can cause irreversible damage to 

the building. For maintenance to be economically viable, as it is often left out for this same reason, 

it is necessary to adopt an intervention strategy. When designing a maintenance plan, it is crucial 

to consider the anomalies that may occur in each element of the building. These can result from 

several errors. Figure 1 shows the distribution of the causes of anomalies in flat roofs. 

 

Figure 1 - Causes of anomalies in flat roofs (Sousa, 2009) 

There are several anomalies in the waterproofing membranes which can occur due to some errors 

and failures. These anomalies will now be presented, grouped in categories, as well as some of 

their causes. 

4.1 Current surface anomalies 

4.1.1 Perforations 

The perforations in the waterproofing systems are essentially due to lack of protection and careless 

use of the roof. This anomaly can also occur due to falling objects, mainly in the phase of execution 

and maintenance. The installation of equipment in the roof, such as supports of water tanks, venti-

lation systems or antennas, among others, can cause perforations as well (Walter, 2002). 

4.1.2 Pull out 

The main cause for the waterproofing systems to be pulled out is the wind action, which causes 

suction forces on the roof (Silva, 2008). In addition to wind action, insufficiency or even lack of 

heavy protection increases the likelihood of this anomaly. In the case of mechanically-fixed sys-

tems, the anomaly occurs if there is smaller number of attachments points vs the number required. 

4.1.3 Detachment of lap-joints 

The main causes for this type of anomaly are related to execution errors, such as poor application 

of the membranes, insufficient joint width, insufficient gluing product, or poor execution. The action 

of the wind can be also a cause for this anomaly, especially if the roof does not have heavy protec-

tion. Heat contributes, as well, to the detachment of lap-joints due to the contraction and expansion 

cycles and the softening of the bonding products of the membranes (António, 2011). 
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4.1.4 Formation of creases 

Creases occur predominantly due to the action of heat. This phenomenon, which consists of a 

separation between the membrane and the substrate, is frequent since the roof is exposed to 

solar radiation (Poça, 2015). 

4.1.5 Blistering 

Blistering of the waterproofing membranes can be triggered by problems in the transportation or 

storage, reduced amount of bonding agent in some areas, roughness or lack of preparation of the 

substrate where the membranes will be applied (António, 2011). 

4.1.6 Prolonged water action 

The main cause of this anomaly is insufficient slope of the roof. Another cause is the poor execu-

tion of the shape layer since it can form depressions in zones where there is no drainage system. 

Obstructions in this system (like in gutters), usually leaves, small dead animals or varied debris 

carried by the wind to the roof, can stop the flow of rainwater, leading to an accumulation of water 

in the current zone of the roof (Walter, 2002). 

4.1.7 Cracking 

The action of heat results in the loss of volatile matter that causes the membrane to harden, and when 

it is subjected to dilation and contraction cycles, cracks occur because the deformability of the mem-

brane is compromised (António, 2011). Other possible cause for this anomaly is related to defects in 

design, like absence of a desolidarization layer, which causes direct movements of the rigid layer and 

in the long-run may cause cracks in the waterproofing membranes. The existence of expansion joints 

in rigid and continuous protection layer can decrease the effect of shrinkage and dilation due mainly 

to temperature variations of this layer, reducing the possibility of cracks in the membranes. 

4.1.8 Vegetation 

The occurrence of parasitic vegetation in the roof is mainly due to the presence of water for long 

periods of time, lack of maintenance and accumulation of dust and debris. 

4.2 Emerging elements’ anomalies 

The list of emerging elements comprises chimneys, ventilation pipes, walls and upstands (or abut-

ments). The main anomalies of these elements are detachment, slippage, insufficient height and 

cracking of the waterproofing membranes (Walter, 2002). 

Detachment of the membranes can occur due to the high moisture content or irregularity of the 

substrate. Poor execution of the membranes can also promote detachment. 

Slippage of the membranes near emergent elements may be due to lack of mechanical fastening 

that would be necessary to e.g. fix the tail-end in a vertical plane. These tail-ends should have a 

height of at least 15 cm (António, 2011). 



 

8 
 

4.3 Anomalies in expansion joints 

The main cause of anomalies in expansion joints are design errors. If a flat roof is properly de-

signed, it must take into account that expansion joints create a discontinuity and therefore all 

associated layers must be discontinuous to allow the roof to adapt to allowed movements. To 

avoid membrane cracking, the detail solution in this critical area (including waterproofing mem-

branes) must have a high resistance to tensile and tear stresses. 

4.4 Anomalies in abutments 

Perforations and tearing are the main anomalies registered in these elements, which occur due to 

errors of execution. The guards of the abutments can also cause problems because they are placed 

generally after the waterproofing membranes, which make it difficult to detail. 

4.5 Maintenance 

Periodic maintenance of any equipment can avoid major problems and the elements in flat roofs 

are no exception. Nevertheless, what happens is that maintenance is not usually planned, instead 

it is still very much based on reactive activities, only when the problems already exist. 

There are two types of maintenance, reactive and proactive, the latter being divided in two subtypes. 

Reactive maintenance, as mentioned above, is a group of actions resulting from unforeseeable 

damage, failures due to external causes, or errors in planned maintenance (Ali et al., 2002). 

Proactive maintenance, unlike the previous one, is planned. It is subdivided in preventive and pre-

dictive maintenance. The first one is planed initially, more specifically at the design phase, and 

intends to prevent failures of the system under study (Misra, 2008). Cleaning of the debris in drain-

age gutters and outlets is an example of action within this type of maintenance. Predictive mainte-

nance is a little bit different from preventive maintenance, since it is the inspections that are planned 

instead of the actions (Silva et al., 2015). Depending on the evaluation of a given element of the 

building, it will be decided how to act. This type of maintenance increases the ability to detect anom-

alies in more detail and reduces the number of unforeseen ones. 

Once the anomalies are detected, there are a variety of repair actions that can be performed in 

the elements of the roof. 

5. End-of-life 

After they no longer meet the requirements for which they were designed, the elements of the roof, 

including the waterproofing membranes, must have options for the end-of-life. One of the most used 

hypotheses is to keep the old waterproofing membranes in the roof and place new membranes on 

them. Another option is to remove them from the roof and analyse their possible use for other pur-

poses. In other words, the “old” membranes become “raw materials” of new products. 

Some of the ways to eliminate the waste caused by the application of waterproofing membranes 

(fabrication, placement or removal) are (Diebold et al., 2000): 

• Recycling of waste to produce the same materials; 

• Reuse of waste for other types of products, such as the transformation of waterproofing 
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membranes into bituminous mixes to produce road pavements; 

• Waste incineration and energy recovery; 

• Use of waste for landfills; 

• Sale of waste as second or third material. 

The recycling of waterproofing membranes is not yet common in Portugal. However, in the rest of 

Europe and in some other parts of the world as the United States of America, the recycling process 

of this type of materials is just being developed. For this option to be successful, it must be beneficial 

for business owners working in this area and have repercussions on those who do not participate 

in this initiative. Countries such as Germany and Holland have legislation and policies that promote 

recycling of the waterproofing membranes. The advantages of this option to deal with waste include 

the reduction of the use of raw materials and saving landfill or incineration fees. Although it is an 

advantageous process, it has a great drawback which is the need for a high initial investment. 

The reuse of building materials is increasingly the rule in countries such as the Netherlands, Belgium 

and Denmark, and is less present in Portugal, Spain and Greece. This process can be applied to 

bituminous waterproofing membranes to produce for example road pavements. One of the ad-

vantages of this option is that it is easier than recycling the membranes, as presented above. 

The disposal of this type of materials is increasingly curtailed, as environmental concerns have 

promoted other types of waste treatment, discussed previously. Construction and demolition 

waste, to be landfilled, must be screened to identify those that can be recycled and those that 

cannot. If legislation is not implemented, those responsible for incompliances may be facing a 

punishment contemplated in the same legislation (CCDRC, 2011). 

6. Conclusion 

This study intended to compile information on waterproofing membranes. Some general character-

istics of these materials were presented and concepts like lifespan and end-of-life were developed. 

Through a life cycle assessment, it could be concluded that the most harmful phase to the envi-

ronment in the whole life cycle of a waterproofing membrane is the first one, the production. This 

evaluation led to an important conclusion: it is crucial to improve this phase so that all the cycle 

can be more environmental friendly. Some of the hypotheses are recycling and reusing the ma-

terials, which allows a reduction of the extraction of raw materials. 
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