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Summary   
This work is divided into two parts, part one is a project in Urban Design and part two is a 
project about terrace roofs.  
 
Part one is done in collaboration with architect students from both Sweden (Royal Institute of 
Technology) and China (Tsinghua University). It consists of two different projects, one 
project in Sweden (Stockholm) and one project in China (Beijing). The outcome of these 
projects in Urban Design have resulted in three books and is not included in this essay. 
 
Part two is an essay about terrace roofs. Here follows a short summary of what the essay 
consists of. The roof is the façade towards the sky on a building. The terrace roof is also used 
for other purposes then its ordinary function of being the buildings climatic barrier upwards. 
In the beginning of the essay the development of terrace roofs from the late 19th century to the 
21st century is described. The first used terrace roofs were courtyard decks, later the terrace 
roof started to be used as a parking deck and a roof garden. Then the aspects of climatic 
effects like moisture from the outside and from the inside are discussed. The dewatering 
system of terrace roofs is described in one of the chapters. Loads and deformations caused by 
snow, ice and traffic on terrace roofs, as well as noise and fire are discussed. Thereafter 
different types of terrace roof constructions, materials used in the terrace roof constructions 
and construction aspects to be considered when choosing thermal insulation and roof 
membrane are described. To be able to manage the supplementary function of a terrace roof, 
besides the thermal insulation and the roof membrane, the roof is furnished with a protection 
layer, which is adapted to the use of the roof. In the last but one chapter reasons for damages 
in terrace roof constructions and measures taken to restore them are discussed. The last 
chapter is a chapter about green terrace roof constructions. 
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Sammanfattning      
Detta examensarbete är uppdelat i två delar, del ett är ett projekt i Stadsplanering och del två 
är ett projekt som handlar om terrasstak. 
 
Del ett är utförd i sammarbete med arkitektstudenter både från Sverige (Kungliga Tekniska 
Högskolan) och Kina (Tsinghua University). Del ett består av två olika projekt, ett i Sverige 
(Stockholm) och ett i Kina (Peking). Resultatet från dessa två projekt i Stadsplansering är 
redovisade i tre olika böcker som inte inkluderas i denna rapport. 
 
Del två är en rapport som handlar om terrastak. Här följer en kotrfattad beskrivning av vad 
rapporten innehåller. Taket på en byggnad är dess fasad mot himlen. Terrasstaket används för 
andra ändamål än sin ordinarie funktion att vara byggnadens klimatskydd uppåt. I början av 
rapporten beskrivs terrasstakens utveckling från slutet av 1800-talet fram till 2000-talet. De 
första terrasstaken som användes var gårdsbjälklag, senare började terrasstaket bland annat 
användas som parkeringsdäck och takträdgård. Efter detta redogörs för klimatiska 
påverkningar så som fukt från utsidan och insidan. Utformingen av avvattningssystemet för 
terrasstak beskrivs i ett av kapitlen. Laster och deformationer orsakade av snö, is och trafik 
beskrivs också, men även ljud och brand. Därefter beskrivs uppbyggnaden av olika typer av 
terrasstakskonstruktioner, material som används i terrasstakskonstruktioner och 
konstruktionsaspekter att ta hänsyn till vid val av isolering och tätskikt. För att klara sin 
tilläggsfunktion är terrasstaket, utöver yttertakets värmeisolering och tätskikt, försett med en 
överbyggnad som anpassas till takets utnyttjande. I näst sista kapitlet diskuteras orsaker till 
skador på terrasstak och åtgärder. Gröna terrastakskonstruktioner behandlas i det sista kapitlet 
i rapporten. 
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1. Introduction 
This work is divided into two parts, part one is a project in Urban Design and part two is a 
project about terrace roofs.  
 
 
 
1.1 Part one 
The first part is done in collaboration with architect students from both Sweden (Royal 
Institute of Technology) and China (Tsinghua University). Part one consists of two different 
projects, one project in Sweden (Stockholm) and one project in China (Beijing). The Swedish 
project is about development at Klara Mälarstrand in Stockholm and concerns for example 
infrastructure, buildings and so on. The Chinese project is about a commercial street in 
Beijing, Wang Fujing Street, and how it can be adapted to the near by buildings. Wang Fujing 
Street should be made one of the leading shopping streets in the world. The outcome of these 
projects have resulted in three books and is not included it this essay. 
 
 
 
1.2 Part two 
The second part is an essay about terrace roofs. It contains the development of terrace roofs, 
aspects of climatic effects, different types of terrace roof constructions and the materials used 
in terrace roof constructions. 
 
The roof is the façade towards the sky on a building. The terrace roof is also used for other 
purposes then its ordinary function of being the buildings climatic barrier upwards. It can for 
example be used as a parking deck (figure 1.1), a roof garden or a traffic-bearing surface. To 
be able to manage the supplementary function of a terrace roof, besides the thermal insulation 
and the roof membrane, the roof is furnished with a protection layer, which is adapted to the 
use of the roof. 
 

 
 
Figure 1.1. A terrace roof used as a parking deck.  
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2. Terrace roofs 
A terrace roof can be done as an ordinary roof, an inverted roof or as a duo-roof (figure 2.1). 
The principal differences between these roofs are the placement of the roof membrane and the 
thermal insulation. In an ordinary roof construction, the thermal insulation is placed under the 
roof membrane, but in the two other roof constructions, the thermal insulation is placed totally 
or partially above the roof membrane. 
 
 

 
 
 
Figure 2.1. The figure shows different terrace roof constructions.  
 
The most common load carrying structure in a terrace roof is made of concrete, in situ 
concrete or concrete elements. Lightweight concrete elements are sometimes used as well. 
 
When new terrace roofs are built and existing terrace roofs are renovated it is recommended 
to make the construction as an inverted terrace roof. 
Terrace roofs were usually built as ordinary roofs until about 1940. During the forties and the 
fifties the terrace slab sometimes were done with wood-wool slabs as thermal insulation, 
which were used as the bottom in the formwork when casting the terrace slab. 
 
 
 
2.1 The development of terrace roofs 
In Sweden the earliest examples of terrace roofs are asphalt covered courtyard decks from late 
19th century. The climate in Sweden with rain, snow and cold weather constitutes obstacles 
for such constructions. 
Courtyard decks above basements and warehouses are aimed to at least be able to withstand 
lightweight traffic, for example parking of cars. The same goes for terrace slabs above huge 
garages and so on, which also occur in more open development. 
Terrace slabs are otherwise mostly associated with recreation areas in connection to dwellings 
and office premises. The loads on the terrace slab can get significant if there are trees and 
other green plants on the roof. 

Protection layer 
Roof membrane 
Thermal insulation 
Vapour barrier 
Trowelling 
Concrete slab 

Protection layer 
Thermal insulation 
Roof membrane 
Trowelling 
Concrete slab 
 

Protection layer 
Thermal insulation 
Roof membrane 
Thermal insulation 
Possibly a vapour barrier 
Trowelling 
Concrete slab 
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From 1880 to 1930 the construction used for a courtyard deck is shown in figure 2.2.  
  
 

 
 
Figure 2.2. The construction of a courtyard deck used during the time period 1880-1930.   
1. Load carrying structure of brick between iron beams, after about 1900 concrete was used 

instead of brick between the iron beams. 
2. Fill of limestone gravel or something similar. 
3. Walkable roof membrane of mastic asphalt on concrete topping with a slope towards the 

outlets. 
 
From 1925-1960 the construction of a courtyard deck or terrace roof had changed as shown in 
figure 2.3. 
 
 
 

 
 
 
Figure 2.3. The construction of a courtyard deck or terrace roof used during the time period 
1925-1960.  
1. Load carrying structure of reinforced concrete. 
2. Fill of granular blast furnace slag, crushed lightweight concrete or similar and concrete 

topping with a slope towards the outlets. 
3. Roof membrane. 
4. Paving slabs on a drainage layer. 
5. When there is no traffic on the roof the surface can be covered with gravel. 
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1 

5 

2 

4 
3 
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Figure 2.4 shows the construction of a terrace roof used from 1950 to 1980.  
 
 
 

 
 
 
Figure 2.4. The construction of a courtyard deck or terrace roof used during the time period 
1950-1980.  
1. Load carrying structure of reinforced concrete. 
2. Thermal insulation boards of cork, cellular concrete or some other material that can 

withstand loads with a slope towards the outlets. 
3. Roof membrane. 
4. Paving slabs on drainage layer. 
5. When there is no traffic on the roof the surface can be covered with gravel on top of a 

sliding layer. 
 
Terrace roofs above apartments started to occur during the thirties and forties as an alternative 
to loft apartments in high-rise buildings and as an alternative to different stories in hillside 
buildings.  

 
 
Figure 2.5. The figure shows a terrace slab.   
1. Floor structure. 
2. Loft ceiling beams with a low-sloped roof or a flat roof. 
3. Terrace slab with thermal insulation, concrete topping, roof membrane and drainage 

layer with slop towards the outlets and paving slabs. 
 

3 

5 

2 

1 

4 

2 

3 

1 



Cecilia Simonsson  01-11-07 
 

 10 

Later the terrace roof also came in use with walkable and driveable surfaces above storage 
rooms and garages. Terrace roofs are built with no or only a small slope, therefore they have 
to be provided with a qualified roof membrane made of underfelt, mastic asphalt, rubber sheet 
or seamwelded stainless sheet-metal. 
 

 
 
Figure 2.6. The figure shows an example of a terrace roof construction.  
 
 
 
2.2 Cold and warm roofs 
There are two different kinds of roofs depending on the thermal conditions and how they are 
ventilated, cold and warm roofs. The cold roof is a double roof. The space under the external 
roof is ventilated with air from the outside. Despite a certain provision of heat (and moisture) 
from the inside the temperature difference between the air under the external roof and the 
outside air is small. This means that the heat flow rate through the surface of the roof is small, 
which for one thing is of importance for the snow melting. 
 

 
Figure 2.7. The figure shows the principal for a cold roof.   
 
In a warm roof, the same heat flow that passes through the inner surface of the roof also 
passes through outer surface of the roof during steady state conditions. The heat transfer 
mainly occur perpendicular through the roof surface. The heat flow rate in warm roofs is not 
at all or only slightly affected by the ventilation. Even with very thick thermal insulation, 
there are always conditions for snow melting on a warm roof. 
 

 
Figure 2.8. The figure shows a warm roof.   

From top to bottom: 
Protection layer 
Drainage layer 
Roof membrane 
Ventilated thermal insulation 
Reshaping course 
Concrete slab 
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Inverted roofs are warm roofs with external thermal insulation, but the thermal insulation is 
placed on top of the roof membrane. 
 
 

 
 
Figure 2.9. The construction of an inverted roof is shown in the figure.   
 
In the duo-roof only part of the thermal insulation is placed on top of the roof membrane. 
 
 

 
 
Figure 2.10. The construction of a duo-roof is shown in the figure.   
 
 
 
2.3 Roof slope 
On flat roofs, with slope 1:100-1:16, water can remain at some places. The roof covering or 
the roof membrane has to be totally impermeable and be able to withstand the water pressure 
that can arise. Water can remain on the roof because of irregularities in the roof surface, 
deflections due to dead weight and snow load, gatherings of snow and ice, clogged outlets and 
so on. Melting snow can prevent water from flowing when the slope is less then 1:16. 

The real slope of the roof can differ from the theoretical and this needs to be 
taken into consideration especially when placing out the outlets on a flat roof. 
 

 
 
Figure 2.11. Water can remain on the roof and a small hole can lead to huge leakage.  
 
 

 
 
Figure 2.12. The same hole on a sloped surface might not even be noticeable.  
 
Roofs with surface layers of gravel or macadam should not have a steeper slope then 1:16. 
 
 
 
 

From top to bottom: 
Layer of gravel 
Bonded-fibre fabric 
Thermal insulation 
Roof membrane 
Concrete slab 

From top to bottom: 
Layer of gravel 
Bonded-fibre fabric 
Thermal insulation 
Roof membrane 
Thermal insulation 
Concrete slab 
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3. Effects of the outdoor and indoor climate 
Roofs are exposed to a number of actions, which to a different degree influence the function 
of the roof. These actions, together with aspects of for example the appearance, economics 
and so on, leads to a number of property requirements for the roof and the included building 
materials. 
 
 

 
 
Figure 3.1. The figure shows the effects of outdoor and indoor climate on a terrace roof.   
1. Moisture from the outside. 
2. Moisture from the inside. 
3. Heat transfer. 
4. Solar radiation, long wave radiation. 
5. Static and dynamic loads. 

- Moisture and temperature conditioned movements. 
- Effects caused by ice. 
- Movement joints. 
- Point loads. 

6. Air movements. 
7. Fire exposure. 
8. Climatic effects. 
9. Biological effects. 
10. Wear and tear. 
11. Appearance. 
12. Sound insulation and sound absorption. 
 
 
 
3.1 Moisture from the outside 
Due to precipitation, the following requirements have to be set for the roof: 
* the construction has to be able to bear the loads from snow masses during the winter 

without the occurrence of harmful deformations. 
* the roof covering, the slope of the roof and the water drainage should be adapted to each 

other in such a way that the underlying construction is protected from rainwater and water 
from melted snow as well as whirling snow. 

* the drain water system and, if current, the ventilation should be constructed in such a way 

2 

3 

4 

5 

6 

7 

8 

9 12

10

11

1 
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that they prevent ice from developing which can harm the roof covering, pipes, drain 
pipes and downspouts. 

* the roof construction should be constructed in such a way that only small amounts of 
condensate can appear. This moisture must also be taken care of to avoid damages. 

 
 
 
3.2 Moisture from the inside 
Roof constructions are affected by moisture from the inside, the moisture can primarily be 
derived from any of the two following moisture sources, construction damp and air moisture. 
Construction damp, i.e. the initial moisture in used building materials or moisture that has 
been buffered in the construction during the building phase. Air moisture can be transported 
in to the construction through convection or diffusion from underlying rooms and might 
condensate. 
Some of the usual materials used in a roof construction can contain a huge amount of initial 
moisture. For concrete it is estimated that about 100 l/m³ needs to dry out, for aerated concrete 
the corresponding number is more then 150 l/m³ and for wood about 20 l/m³. This has to dry 
out during the construction phase and during the first months or years that the building is in 
operation. 
 
 
 
3.3 Construction principals to prevent harmful condensation 
To stop the moisture from the inside to effect the roof construction by harmful condensation, 
the following principals can be applied: 
* vapour barrier 
* ventilation (ventilated layers) 
* buffering and/or drainage of the condensate. 
If it is possible, it is favorably to use several layers to obtain a tight construction. When this is 
done the functions are divided, so that the construction is made of several layers with different 
functions. The external surface, the roof membrane, works as a barrier against moisture that 
comes from the outside, so that water cannot find its way into the roof construction. Behind 
this layer a ventilated layer will be placed, which should be in contact with the outdoor air. 
This layer will primarily even out appearing pressure differences and remove aqueous vapour. 
Inside the ventilated layer most parts of the thermal insulation lays, when needed provided 
with a wind barrier. On the inside (the warm side) of the thermal insulation layer the vapour 
barrier and the air tightening seal are placed. 
 
The bearing part in a warm roof with external thermal insulation can consist of in situ 
concrete (which is airtight and relatively vapour tight), concrete elements or lightweight 
concrete with opened or filled joints, or profiled sheet-metal with non-tight joints.  
The material used as thermal insulation, which works as a support for the roof membrane, 
could be: 
* rigid mineral wool boards, cellular plastic boards or boards made of cork 
* sandwich boards, combined of materials from above or wood-wool slabs 
* foam glass blocks 
* expanded clay aggregate with a surface layer of expanded clay slabs, wood-wool slabs or 

concrete. 
 
The following main principals can be applied to give the warm roof an acceptable moisture 
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balance due to for example building damp, diffusion and convection. 
1. ventilated thermal insulation boards 

The thermal insulation boards can for example be made of cork, or combinations of 
expanded plastic and cork or expanded plastic and wood-wool. 

 
 
Figure 3.2. Warm roof with ventilated thermal insulation boards.   
 
2. ventilated expanded clay aggregate 

Since the expanded clay aggregate cannot work as a substrate for the roof membrane, it 
will be completed with a surface layer of expanded clay concrete slabs, wood-wool slabs 
or a trowelling.  

 

 
 
Figure 3.3. Warm roof with ventilated expanded clay aggregate.  
 
3. vapour barrier under the thermal insulation 

The function of the vapour barrier is to prevent diffusion and/or convection. When it 
comes to diffusion the vapour resistance of the vapour barrier plays an important role. The 
vapour resistances for some vapour barriers are shown in table 1. 

 
Vapour barrier Vapour resistance (s/m) 
Coated rag felt YAL 2500 2*106 

Coated mineral fibre felt YAM 2000 2*106 

Coated mineral fibre felt with insertion of 0.08 mm 
aluminum foil 

40*106 

Polyethylene foil 0.2 mm 1*106 

Asphalt coat 0.5*106 

Table 1. Vapour resistance for some vapour barriers. 
 

For roofs that lack a tight internal surface, the primary purpose of the vapour barrier is to 
prevent moisture convection, i.e. air leakage in to the construction. 
The vapour barrier used on concrete- or lightweight concrete substrate is a YAM-underfelt 
with a coat of grains on the underneath, which is partially fixed to the substrate. The 
primary purpose of the partial adhesion is to prevent cracks in the vapour barrier when the 
substrate moves. If the difference in vapour content is huge, it can be suitable to use a 
vapour barrier with insertion of aluminum foil. 
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Figure 3.4. The figure shows different constructions of warm roofs with the vapour barrier 
underneath the thermal insulation.   
 

In lightweight concrete roofs with external thermal insulation, a vapour barrier is always 
placed under the thermal insulation. This is done to stop the transport of construction 
damp from the lightweight concrete to the thermal insulation and also to prevent 
convection through the joints. 
 

 
 
Figure 3.5. A lightweight concrete roof with external thermal insulation.  
 
4. vapour barrier underneath ventilated thermal insulation 

If the vapour content and /or the air pressure conditions in the underlying construction 
requires a vapour barrier, and when organic thermal insulation materials are used it might 
also be necessary to ventilate the thermal insulation. Such a double arrangement is 
primarily used if the thermal insulation material is built in with a high moisture ratio. 
When organic materials like cork for example, are built in between two vapour tight layers 
that hinder drying, attack by rot will occur relatively quickly. 

 
5. thermal insulation without a vapour barrier or ventilation 

Dependent upon the terrace slab, the vapour permeability of the thermal insulation 
material and the air tightness of the construction, a reasonable moisture balance can be 
obtained without either ventilation of the thermal insulation or a vapour barrier when the 
vapour content conditions are moderate.  
Totally vapour tight thermal insulation materials such as foam glass are always pasted 
with asphalt straight on to the terrace slab without additional vapour barrier or ventilation. 
Table 2 shows the permeability to vapour for some thermal insulation materials used for 
warm roofs. 

 
Thermal insulation material Density (kg/m3)  Permeability to vapour (m2/s) 
Beadboard type polystyrene foam 20 0.6*10-6 

Extruded polystyrene foam 35 0.1*10-6 
Cork 110 0.8*10-6 
Mineral wool 180 8.0*10-6 
Glass wool 120 8.0*10-6 
Polyurethane foam 35 Approx. 1.0*10-6 
Table 2. The density and the permeability to vapour for some thermal insulation materials. 
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Figure 3.6. A warm roof with a vapour tight thermal insulation.   
 
6. massive lightweight concrete roof with vapour barrier and no thermal insulation 

In a massive lightweight concrete roof with an external roof membrane, a certain amount 
of condense is acceptable. The condensate, which is produced during the winter season, 
will be accumulated in the lightweight concrete. During the summer season the moisture 
can dry out downwards. This construction could be subjected to frost wedging because of 
the accumulated condensate in the lightweight concrete slabs. 
 

 
 
Figure 3.7. A massive lightweight concrete roof.  
 
 
 
 
 

From top to bottom: 
Drainage layer 
Roof membrane 
Thermal insulation, for example 
foam glass 
Concrete slab 

From top to bottom: 
Ventilated roof membrane 
Lightweight concrete slab 
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4. Dewatering systems for terrace roofs   
The roof construction should protect the underlying construction from penetration of 
precipitation and meltwater from snow. To discharge the precipitation and the meltwater from 
snow the roof shall be provided with outlets and downspouts. The inlets to these shall be 
provided with clearable screens, which separates leaves, needles and things like that. 
To obtain a secure dewatering of the terrace roof the following components in the roof 
construction are important: 
* the roof pitch 
* dewatering area per roof outlet 
* distance between roof outlets. 
 
To obtain a secure drainage a minimum slop of 1:100 is required for the terrace roof. 
Experience shows that a smaller slop then 1:50 is not to recommend. Further it is of great 
importance that the outlets are placed at the actual lowest points in the roof and that the 
outlets are cleaned continuously. 
For an internal drainage system, the number of roof outlets shall be at least one per 225 m2. 
The distance between the outlets may not be greater then 15 m, or 12 m if there are particular 
risks that the outlets will get clogged. Sometimes it can be motivated to decrease the drainage 
area to 150 m2 per outlet and decrease the distance between the outlets to 10 m. 
The outlets should be shaped in a way that even water flowing on top of the roof membrane 
could be discharged. In every drainage section a storm overflow shall be arranged and placed 
not more then 60 mm above the lowest point of the roof membrane. 
Surface water installations are sized for a probable rain intensity of 0.013 l/(s*m2) for 
Sweden, which is considered to be equivalent to the duration of 10 minutes and the frequency 
of once in five years. Usual drainage systems can meet this requirement and do not need to be 
calculated. 
 
When designing the dewatering system for a roof it is important to choose a system that 
counteracts ice formations. Ice formations can prevent the meltwater drainage and can also 
damage the outlets, gutters and the roof surface. The behavior of the ice can shortly be 
described as follows. When transition from water takes place the volume increases and this 
can burst gutters and pipes, and because of its high thermal expansion cracks and tensile 
stresses in the roof covering will arise when the temperature drops. When the snow thaws and 
meltwater flows to the roof surface, gutters or pipes, where the temperature is below freezing 
the meltwater turns to ice. 
On many roofs local melting take place. Heat leakage can appear at bushings, skylights, 
ventilation ducts, chimneys and so on, which can cause local thawing. This meltwater flows to 
either better thermally insulated surfaces and freeze to ice, or is dammed up and cause leakage 
if the roof membrane can not withstand the water pressure or if the water gets up above the 
roof membrane pulled up against the edgings. The problems become especially difficult when 
there is a lot of snow and the temperature frequently fluctuates around zero degrees Celsius.  
To avoid the problems described above immense thermal bridges should be avoided, bushings 
should be concentrated to a few places and placed at the highest points of the roof. Bushings 
should absolutely be avoided in valleys and next to outlets. 
Warm roofs are usually made with a small slope or no slope, this means that the hole area of 
the roof is subjected to heat leaking through the roof from the inside as well as solar heat. If 
there is snow on the roof it can melt by this heat. The pattern of the snow melting can give 
information about thermal bridges and air leakage in the roof. Meltwater is at first absorbed 
by the snow, which thereby increases its density and increasingly turns into ice. The snow-ice 
layer becomes impermeable to water and the dewatering along the roof surface is prohibited. 
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If the roof is similar over the whole roof surface then it does not matter. Eventually the 
thawing will be grater then the absorption and then the meltwater will flow in the same 
direction as the slope of the roof. A roof slope of 1:16 is needed for the meltwater to be able 
to flow of a snow-covered roof. If the roof is done in saddle form with gutters and outlets by 
the eave respectively outside the façade the meltwater can freeze at the north façade and form 
ground icing. Therefore warm roofs need to have internal warm gutters and outlets. 
 

 
 
Figure 4.1. The figure shows a warm roof with a warm internal dewatering system.   
 
A terrace roof requires besides a warm dewatering system a functional drainage layer, which 
allows rainwater and meltwater to pass under the protection layer without any obstacles to the 
roof outlets (figure 4.2). If the protection layer is of a relatively waterproof material, like road 
asphalt for example, it can be necessary to make the terrace slab with a slope (at least 1:100) 
to prevent remaining water gatherings. 
 

 
 
Figure 4.2. A roof outlet in a terrace roof.   
 
On the inverted roof some of the water from the precipitation can find its way through to the 
roof membrane, while the rest runs of to the drainage system on top of the roof surface. The 
roof outlets have to be done in a special way because of this, so that water booth from the roof 
surface and the roof membrane can reach the outlet (figure 4.3). 

From top to bottom: 
Protection layer 
Drainage layer 
Roof membrane 
Thermal insulation 
Concrete slab 
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Figure 4.3 The figure shows a roof outlet on an inverted roof with different protection layer 
on each side of the outlet. To the left the protection layer consists of a layer of gravel and to 
the right the protection layer consists of concrete paving slabs. 
 
A layer of gravel is sometimes used on top of the roof membrane on a flat terrace roof. During 
the snow melting season and when there are ice layers on the roof the following positive 
effects appear with this kind of surface coating: 
* the layer of gravel works like a drainage layer, a layer of snow on the contrary holds the 

meltwater capillary in its bottom layer 
* the ice cracks in an ice layer on top of a layer of gravel are denser and smaller then in an 

ice layer strait on top of a roof membrane (figure 4.4). 

 
Figure 4.4. Ice layers on a roof with a layer of gravel and without a layer of gravel. The layer 
of gravel protects the roof membrane.  
 
Internal roof outlets are functioning all winter, probably because of the heat supply from the 
relatively warm dewatering system. The water can however be stopped from reaching the 
outlet by a snow layer and by ice gatherings. 
The inverted roof is a typical warm roof. Although movements caused by cracks in the ice 
layer does not immediately effect the roof membrane, the inverted roof also needs to have 
internal outlets.  
 
 
 
4.1 Warm internal drainage systems 
When designing the drainage system for a terrace roof the real slopes of the roof surfaces 
need to be taken into consideration. For horizontal roofs and valleys it is important that each 
part of a surface or part of a valley which is surrounded by higher levels will have at least one 
outlet at the lowest level. 
One problem with internal drainage systems is that the heat from the inside during certain 
external temperature conditions can cause a circular ice gathering around the roof outlet. The 
ice gathering and the damming up of meltwater that it can cause has to be considered when 
determining the design of the roof membrane and the height it has to be pulled up against the 
edgings and the wall surfaces in the area. 
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The main function for the roof outlet is to lead the rainwater and the meltwater to the drainage 
system in an effective way. Some requirements for the roof outlet are listed below: 
* the outlet should be able to stand temperatures in the range from +80ºC to -40ºC. 
* the connection to the roof covering should be watertight. 
* the strength of connection to the roof covering has to be satisfactory so that no failures 

will occur. 
* the connection to the surface water system should be watertight. 
* the material that the roof outlet is made of should have the same calculated life span as the 

roof membrane. 
* be free from condensate. 
* be possible to clean. 
* be equipped with a strainer, which prevents leaves and other larger particles to reach the 

surface water system. 
 
From the sloped roof surface, the water is lead by valleys to the roof outlets, which are 
connected to the surface water system. The roof is often provided with an storm overflow. 
The dewatering of roofs can be done according to different systems, shown in the figure 
below (figure 4.5). 
 

   
a)  b)  c) 
 
Figure 4.5. The figure shows different dewatering systems for roofs with warm drainage 
systems.    
a) Butterfly roof with a horizontal valley. 
b) Butterfly roof with a slope in the valley. 
c) Butterfly roof with slopes in two directions. 
 
Butterfly roofs have a valley with outlets at the lowest line of the roof (figure 4.5.a). When the 
roof is covered with underfelt, the valley is usually done horizontal and to make the drainage 
easier the underfelt strips are laid out in the direction of the valley. The outlets should be 
placed at the lowest points and the distance between the outlets should not be more then 12 m. 

With a roof made up by boards a slope can be built in the valley as shown in 
figure 4.5.b. The slope can for example be built up with external thermal insulation boards. 
The roof can also be done as shown in figure 4.5.c. There are both advantages and 
disadvantages with having sloped valleys. Experts nowadays recommend that valleys may be 
horizontal because of the following reasons. If the valley is made with a slope and the outlet is 
clogged, the water will form a small pond on the roof. The water depth will increase until the 
water flows over to another section of the roof or reaches the storm overflow. The storm 
overflows are usually placed at the sides of the building and can then only serve the outer 
sections of the roof. In a horizontal valley, the outlets can work together so that if one outlet is 
clogged the water can continue on to another outlet and the storm overflow can serve a larger 
part of the roof. 
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The storm overflow partly works as a security if the outlets are clogged and partly indicates 
that there is remaining water on the roof. This is why the storm overflows should be arranged 
so that the water flow is observed. The dammed up water should not be able to reach higher 
then 60 mm. The roof should be inspected once a year and gutters and outlets need to be 
cleaned at least once a year. Bushings and so on should not be placed in valleys, they should 
be placed on a level that is above the storm overflow and at least 60 mm above the outlets. 
 
If there is a border along the eave, it is appropriate to build up a small slope from the border to 
get the outlets next to the border.  
If the roof has a soffit, a gutter can be made which will lead the water to the outlets. When 
there are internal downspouts the gutter needs to lie above the heated part of the roof. 
 

   
At border            Soffit with gutter 

 
Figure 4.6. The dewatering system at the eave with internal downspouts.  
 
There should be a slope in the gutter and this requires a certain roof pitch and that the gutter 
form a certain angel with the eave (figure 4.7). 
 

 
Figure 4.7. Slopes at roofs with gutter seen from above.   
 
Valleys next to a border can either be built up with a slope or done without a slope with 
outlets placed at the lowest points of the roof. 
 
 
 

GutterRoof pitch 

Ridge 

Eave 
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5. Loads and deformations 
Deformations in a roof construction can be caused by different kind of loads, creep, 
temperature conditioned movements and moisture conditioned movements. 
The following functions among other things can be affected by deformations: 
* the dewatering of flat and horizontal roofs 
* the tightness, through cracking 
* the connections between building materials. 
 
To restrict the deformations between acceptable boundaries one or booth of the following 
actions can be taken into consideration: 
* limiting the deformations 

This can be arranged by using roof elements with continuous reinforcement. 
* absorbing the deformations, which decrease or eliminate the stresses in the construction 

Such actions can be to partially fix the underfelt to underlying elements and using 
expansion joints. 

 
 
 
5.1 Snow and ice 
The most common reason for deformations of such a scale that the roof covering on flat 
surfaces splits, is the formation of pockets where large amounts of snow can gather. 
 
If there is ice on a roof the ice will be subjected to the fluctuation of the surface temperature. 
When the temperature drops then the ice layer wants to contract and if this is prohibited 
because the ice is attached to the underneath tensile stresses will arise in the ice. This can 
cause the ice to crack and if the ice is attached to the roof membrane, it can be ripped apart. 
This type of damage has occurred on underfelt with mineral fibre reinforcement. Modern sorts 
of underfelt with polyester reinforcement however have such grate rupture strain that damage 
can be avoided. Rubber sheets and plastic foils are not affected in the same way by the ice, 
but damaged joints have occurred. 
 

 
 
Figure 5.1. When the temperature drops the ice starts to crack. Cracks in the ice can rip the 
roof membrane.   
 
Ice can also form from moisture from the inside. Frozen condensate can rip the roof 
membrane loose from the underneath, this has happened with partially fixed underfelt (with a 
coat of grains) on top of lightweight concrete because the air from the inside had been 
allowed to pass through the ventilated layer. 
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5.2 Traffic load 
Terrace roofs are always designed for traffic loads. The traffic load can be anything from 
pedestrians to heavy traffic. It is necessary that the roof surface can withstand the 
concentrated pressure from a foot with the impact allowance from the setting down of the 
foot. This form of load is especially essential when it comes to external thermal insulated 
roofs with a roof membrane made of underfelt, rubber or plastic on top of the thermal 
insulation material. To avoid penetration of the roof membrane, reinforcement of the roof 
membrane or especially hard thermal insulation boards are needed. Except for the directions 
about design loads for the terrace slab, the following needs to be taken into account: 
* the thermal insulation material on the upper side of the terrace slab should have an 

adjusted compressibility to the load, so that yield deformations will not occur 
* the trowelling should be able to withstand mechanical loads from the occurring traffic 

without cracking or getting sustainable deformations 
* vertical surfaces and rails, primarily on terraces with traffic need to be designed even for 

(unintentional) dynamic loads. 
 
The thermal insulation materials need to fulfill the requirements of compressive strength and 
compressibility. Suitable thermal insulation materials are: 
* foam glass 
* boards made of cork (ventilated), with a density greater then or equal to 110 kg/m3 
* polystyrene foam, with a density greater then or equal to 30 kg/m3 
* sandwichboards made of foamed plastic and cork or wood-wool slabs.  
 
For terrace roofs with less traffic loads (pedestrians), the given densities can be reduced.  
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6. Effects of temperature fluctuations 
A roof is usually subjected to:  
* temperature variations which can cause stresses and movements 
* high and low temperatures, which can change the properties of some materials. 
 
Materials, whose properties are especially dependent of the temperature, are asphalt, underfelt 
coated with asphalt and plastics. At high temperatures plastic materials get soft, asphalt can 
start to float at a surface temperature of about 80 C. At low temperatures asphalt and 
thermoplastics become hard and embrittled, this makes them sensitive to mechanical loads. 
When designing a roof it is necessary to be able to estimate the temperature variations that the 
roof will be subjected to. 
 
Thermal movements and stresses in a roof construction can be caused by: 
* temperature changes during the day and night 
* temperature changes during the year 
* temperature change from the start of the construction to the finished building 
* different coefficients of thermal expansion for the materials included in the construction. 
 
The roof covering is primarily affected by radiation, there are huge temperature changes 
during the day and night. Plastic materials and sheet-metal are especially sensitive to such 
variations during the day and night. When the sun is shining on a roof in Sweden the surface 
temperature can get up to 80ºC, and when the sky is clear during the night the roof covering 
can get 5-9ºC colder then the surrounding air temperature. 
The temperature variations in a roof are dependent upon several climatic and construction 
related factors. Most important are the air temperatures outside and inside, the intensity of the 
solar radiation, the surface absorbance for solar radiation, the wind velocity as well as the 
roofs thermal resistance and the heat capacity.  
 
 
 
6.1 Thermal movements in the roof construction  
Regarding the thermal movements in the substrate when it comes to roof membranes fixed 
with asphalt, partially fixed ventilated underfelt is used as a substrate for the following 
materials to accommodate thermal movements: 
* in situ concrete due to the risk of cracking 
* concrete elements, lightweight concrete and wood-wool slabs in consideration of joint 

movements 
* thermal insulation boards of foamed plastic and other materials with a high coefficient of 

thermal expansion and/or high initial shrinkage. 
On terrace slabs the thermal movements in the top layer needs to be taken in to consideration 
so that they will not be transferred to the roof membrane. To prevent this, a sliding layer made 
of sand or (double) plastic foils is placed between the layers. 
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6.2 Movements due to moisture in the roof construction 
Changes in moisture content are most likely to effect wood structures, but can also cause 
changes in the dimensions of some thermal insulation materials. Expansion and shrinkage in 
roof constructions or part of them can effect the constructions structural strength, the roof 
covering and the connection between the roof covering and the substrate. When moisture is 
absorbed in roof membrane materials containing organic materials it can cause expansion. In 
pasteboard with a ragfelt reinforcement folds and blisters can easily arise if it is subjected to 
water vapour from underneath. 
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7. Atmospheric, biological and chemical effects 
Ultraviolet radiation, biochemical attacks and aggressive gases or liquids can affect exposed 
roof coverings. Electrochemical corrosion can occur if wrong combinations of metals are 
used. Roof coverings can also be decomposed by erosion under some circumstances. 
 
 
 
7.1 Ultraviolet radiation 
Ultraviolet radiation can either direct or indirect, by producing ozone, break down certain 
materials. When asphalt materials are subjected to sunbeams they will get embrittled and start 
to crack. Plastics with plasticizer, for example soft PVC, get harder when the sun shines on it 
because of the migration of the plasticizer and therefore are usually protected by a layer of 
gravel. 
When choosing plastic or elastic materials for joints or for roof details the effects of 
ultraviolet radiation need to be considered. 
 
 
 
7.2 Biological effects 
Organic materials in a supporting roof construction, thermal insulation and roof covering can 
be destroyed by rot especially during unfavorable moisture conditions. Rot can be prevented 
through ventilation. Roof surfaces with remaining rain- and meltwater should not be covered 
with organic materials such as pasteboard with ragfelt reinforcement, which can be 
decomposed by rot. 
 
 
 
7.3 Aggressive gases and fluids 
Even so called normal atmosphere can in time affect certain materials chemically. Oxidation 
of zinc and other coatings can destroy the protective surface layer of sheet metal, which then 
can be destroyed by corrosion.  
Aluminum sheet is affected by alkaline rainwater. Roofs with aluminum covering need to be 
given such a slope that no rainwater can remain on the roof for a longer period of time. 

In so called industrial atmosphere the roof covering materials must be chosen in 
consideration to occurring gases. 
Asphalt materials and some plastics need to be avoided where they can be subjected to oils, 
solvents and organic acids. 
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8. Noise 
It is often a whish that the roof has a good sound absorption and/or sound reduction 
capability. The sound absorption effect is aimed for in roofs above an activity that produces a 
lot of noise. The sound reduction capability can be used to reduce the transmission in both 
directions through the roof construction. 
 
 
 
8.1 Sound absorption 
It is primarily in industrial buildings that requirements of sound absorption reply. Even if you 
case in machines it is often necessary that the surrounding surfaces of the room can work as 
absorbents. Since the sealing is not usually exposed to mechanical loads, this surface is often 
used as a sound absorbent. Hard surfaces, for example concrete and sheet-metal, hardly give 
any absorption effect, this is why they need to be provided with absorbents.  
Sound absorbent tiles made of for example mineral wool can be hung up in a reinforced load 
carrying structure. Such a suspended ceiling can also give the roof a fire protection. 
Roof elements of lightweight concrete can be given a higher absorbency if the underneath is 
grooved and foamed plastic strips are inserted in the grooves. 
  
 
 
8.2 Sound insulation 
A roof construction with good airborne sound insulation can actively contribute to prevent 
sound transmission from the outside as well as from the inside. 
Heavy roof constructions always have a good airborne sound insulation capacity, but even so 
called lightweight sheet-metal roofs can be given an acceptable insulation effect with special 
arrangements. 
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9. Fire 
A roof can be affected by fire from an underlying room, from above (by glowing airborne 
material) or by fire from a ventilated layer and air ducts. In an ignited roof, the fire can spread 
horizontally to buildings nearby. Where there are other buildings nearby, the roof of the 
building need to be made of or covered by material, which to an adequate degree protects the 
fire from spreading. 
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10. Concrete terrace roofs 
An in situ concrete slab can be considered as totally air tight and relatively tight against 
diffusion regarding the vapour transition from the inside. When the vapour content is 
moderate in the underlying construction the concrete terrace slab can be externally thermal 
insulated without a vapour barrier or ventilated thermal insulation.  
Concrete elements are usually made with pretentioned reinforcement and a certain camber in 
the plate. The remaining camber after the load is brought on can vary for different elements 
and a trowelling of the surface might be required to even out the different levels. The 
elements can be done with tenon joints filled with grout, which makes it a terrace slab that in 
consideration to convection and diffusion can be equal to an in situ concrete terrace slab. This 
is of course also valid when it comes to elements with trowelling on the upper side. Elements 
with open joints can be tightened with strips of asphalt roofing sheet, which are fixed with 
asphalt or welded over the joints.  
 
 
 
10.1 No thermal insulation or internal thermal insulation 
Concrete plates without thermal insulation or with internal thermal insulation are not very 
common as roofs. In situ concrete slabs with internal thermal insulation of wood-wool slabs 
put sparse in a mould might be used when the acoustic properties of the wood-wool slabs can 
be used.  
Totally dominating as roof covering are roof membranes which either are laid out loose on the 
concrete surface with a gravel layer on top to hold the roof membrane in place, or roof 
membranes made of underfelt with a bottom coat of grains which are partially fixed.  
 

   
 
Figure 10.1. The figure shows two different types of roof covering. The concrete roof in the 
figure has either internal thermal insulation or no thermal insulation.  
 
 
 
10.2 External ventilated thermal insulation 
As ventilated, thermal insulation the following materials are used:  
* boards made of cork (density greater then or equal to 110 kg/m3)  
* beadboard type polystyrene foam (density less then or equal to 20 kg/m3) with a upper 

surface made of cork  
* wood-wool slabs 
* expanded clay aggregate. 
 
The underneath of the thermal insulation boards has grooves, usually the area of the grooves 
is 150 mm2 and the center distance between the grooves is 25 mm. The sides of the thermal 
insulation boards have a splayed rebate perpendicular to the direction of the grooves to give 
continuity to the system of grooves. 

Top layer of gravel 
Roof membrane 
Concrete slab 
Thermal insulation 

Ventilated roof 
membrane 
Concrete slab  
Thermal insulation 
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Thermal insulation boards made of cork are fixed with hot rolled asphalt on the flat or 
horizontal, airtight concrete terrace slab after it has been prepared with cutback bitumen. 
Combined boards, which contain polystyrene foam, are fixed with dowel and screw in 
predrilled holes in the terrace slab. 
The eave is completed with openings for the ventilation like one of the alternatives in figure 
10.2 for example. Up to about 15 meters of building width, the pressure difference between 
the opposite façades works as an adequate impelling force for the airflow in the grooves. 
When the width of the building is larger then 15 meters the system is provided with extra 
grooves on the middle of the roof, which are provided with exhaust hoods for the thermal 
ventilation or even better with an exhaust fan.  
Roof membranes made of underfelt, plastic or rubber are used as roof covering. 
 

 
 
Figure 10.2. A concrete roof with external ventilated thermal insulation. The figure shows two 
different ways of letting the air in at the eave.  
 
When ventilated expanded clay aggregate is used the concrete terrace slab is provided with an 
edging of expanded clay concrete slabs, which are placed in cement mortar with sparse joints 
for ventilation. For roofs without any load from a gravel surface the width of the attachment 
surface is less then or equal to 300 mm depending upon the design wind load (figure 10.3). 
For roofs with a surface of gravel the width of the blocks is 150-200 mm (figure 10.4). 
 
 

 
 
Figure 10.3. A concrete roof with ventilated external thermal insulation of expanded clay 
aggregate.    
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Roof membrane 
Ventilated thermal insulation 
Concrete slab 

From top to bottom: 
Roof membrane 
Expanded clay concrete slabs  
Thermal insulation (expanded clay aggregate)
Concrete slab 
 

Lightweight blocks with open joints for 
ventilation. 
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Figure 10.4. A concrete roof with ventilated external thermal insulation of expanded clay 
aggregate. On top of sandwich boards the roof membrane is laid out loose with a gravel 
surface on.  
 
Inside the edging on the concrete terrace slab expanded clay aggregate with a grain size of 4-
16 mm is laid out. The expanded clay aggregate is levelled out to a thickness of the height of 
the edging minus the thickness of the plates for the system shown in figure 10.3. For the 
system shown in figure 10.4 the thickness should be equal to the height of the edging. On top 
of the expanded clay aggregate expanded clay concrete slabs can be placed (figure 10.3) or 
for example sandwich boards made of polystyrene foam and wood-wool (figure 10.4). 
The width of the opening for the ventilation is adjusted in regard to the width of the building. 
When the width of the building is more then 20 meters mechanical ventilation is required. 
As roof covering on the expanded clay concrete slabs a roof membrane fixed with asphalt is 
used. The roof covering is attached at the eave between the border blocks and the angle fillet 
(figure 10.3). 
The roof membrane is laid out on top of wood-wool slabs without being fixed and then a layer 
of gravel is laid out on top of the roof membrane. The thickness of the gravel layer is adjusted 
to the design wind load (figure 10.4). 
 
 
 
10.3 Vapour barrier and ventilated thermal insulation 
When the conditions are severe, concrete roofs can be made with a vapour barrier as well as 
ventilated thermal insulation. This mainly occurs if the climate conditions during the building 
phase cause a risk that moisture is captured in the construction between the vapour barrier and 
the roof membrane. 
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11. Lightweight concrete terrace roofs 
Roofs with a secondary load carrying structure of lightweight concrete are done with 
reinforced elements of aerated concrete or lightweight aggregate concrete. 
 
 
 
11.1 Terrace roof of aerated concrete elements 
Roofs with aerated concrete elements on primary load carrying structures of concrete or steel 
are used in industrial and warehouse buildings. In residential buildings, primarily on one or 
two family houses, the elements are put straight on to supporting walls and are provided with 
thermal insulation. 
The roof elements are anchored to the primary load carrying structure with stirrups and steel 
straps in the transverse joints. Thereafter the transverse joints are tightened with cement 
mortar. The longitudinal joints are done with groove and tongue, tenon joints. 
 
 

 
 
Figure 11.1. The figure shows the anchorage of aerated concrete roof elements to the primary 
load carrying structure.    
 
Roof elements of aerated concrete have a limited possibility to act as thermal insulation. 
Usually external supplementary thermal insulation is needed, boards made of mineral wool 
are most commonly used. While aerated concrete has high initial moisture content a vapour 
barrier is needed to stop the moisture from reaching the thermal insulation. The vapour barrier 
also prevents convection through the joints between the roof elements. The thermal insulation, 
for example mineral wool boards, is fixed to the vapour barrier with asphalt. 

If sandwich boards containing polystyrene foam are used they must be 
mechanically fixed to the aerated concrete elements with for example pin-plug because of the 
large thermal movements of the plastic. The vapour barrier can be a polyethylene foil. 
 

 
 
Figure 11.2. Externally thermal insulated aerated concrete elements.  
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The supplementary thermal insulation can also be placed on the inside of the elements, in this 
case the sound absorption qualities of the thermal insulation material can be made use of as 
well. 
 

 
 
Figure 11.3. Internally thermal insulted aerated concrete elements.  
 
 
 
11.2 Terrace roof of lightweight aggregate concrete elements 
Roof constructions of lightweight aggregate concrete elements are usually used over premises 
with high relative humidity. The lightweight aggregate concrete elements contains of a outer 
layer of lightweight aggregate concrete (density approximatly 1500 kg/m3) with a dense layer 
of reinforcement and an inner lighter layer of expanded clay concrete (density approximatly 
600 kg/m3). The lightweight aggregate concrete elements are not affected by moisture. 
Constructionwise roofs made of lightweight aggregate concrete elements are done the same 
way as roofs made of aerated concrete elements with the following deviations: 
* the elements are provided with longitudinal tenon joints which as well as the transverse 

joints, at erection are filled with cement mortar, this is why the finished roof can be 
considered almost airtight. This means that when supplementary insulation is needed the 
same principals as for the concrete roof with external thermal insulation can be applied. 

* the roof is reinforced through placing ribbed bars over the support of the elements in the 
tenon joints. This reinforcement reduces the movements in the transverse joints but does 
not exclude the need for the roof membrane to be detached over the joints. 

  

 
 
Figure 11.4. Roof made of lightweight aggregate concrete elements.  
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12. Inverted terrace roofs 
As an alternative to the traditional concrete roof with the roof membrane on top of the 
external thermal insulation, the inverted roof has the thermal insulation above the roof 
membrane. The inverted roof was introduced at the end of the sixties.  
 

 
 
Figure 12.1. Inverted roof.  
 
There are several advantages with constructing a terrace roof as an inverted roof. When it 
comes to the roof membrane the following advantages can be obtained: 
* protection against ultraviolet radiation 
* less subjected to temperature fluctuations and thereof caused stresses 
* not subjected to freezing and mechanical action caused by ice 
* not affected by mechanical loads 
* a more steady moisture influence from the outside, which primarily means a moderated 

dehydration after rain and snowmelting 
* when doing the water pressure test of the roof membrane before casing it in, leakage is 

quickly indicated and without additional damage, compared to the ordinary roof where the 
spreading of water in the thermal insulation can get extensive and the thermal insulation 
might have to be replaced 

* by applying the thermal insulation in an early stage the roof membrane will be protected 
during the building phase, this minimizes the risk for damages compared to an ordinary 
roof. 

 

 
 
Figure 12.2. The roof membrane is protected in the inverted roof.  
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There are not only advantages with a built in roof membrane. It is always difficult to detect 
and repair deficiencies and faults in the roof membrane in a terrace roof construction. 
Therefore it is recommended to use a well-known roof membrane material like for example 
mastic asphalt with admixture of polymers.  
The thermal insulation in an inverted roof is missing the protection against external action that 
the ordinary roof has, therefore special requirements for the thermal insulation are needed. 
These requirements can be summarized as: 
* the wind and precipitation from the outside may not vitally deteriorate the thermal 

insulation ability 
* the mechanical strength should be adequate and not cause failure or yield deformation in 

the thermal insulation 
* the material has to be able to withstand biological effects, effects of aggressive gases in 

the atmosphere and liquids, and effects of ultraviolet radiation if the surface is exposed. 
 
The thermal insulation materials that meet these requirements at a reasonable cost are 
extruded polystyrene foam and expanded clay aggregate. 
The extruded polystyrene foam boards are partially fixed with hot rolled asphalt to the roof 
membrane. The protection layer often consists of gravel, which is laid out on a vapour 
permeable and partly water permeable net, made of polyamide or something similar. 
In terrace roof constructions expanded clay aggregate has also been used. Before the 
protection layer is brought on, the expanded clay aggregate is completed with a concrete 
topping, which partly reduces the water flow rate through the ballast.  
All thermal insulation materials that are not provided with roof membranes will allow more or 
less water to penetrate through, this penetration can occur through the material or through the 
joints. In the inverted roof construction, the loss of heat that occurs due to penetrating 
rainwater and meltwater must be taken into consideration when determining the size of the 
thermal insulation. 

   
            Ordinary roof            Inverted roof 

 
Figure 12.3. Heat balance in an inverted roof and in an ordinary roof.  
 
 
 

Qi = Qu Qi = Qu1 + Qu2 
Qu2 is the heat loss due 
to penetrating rainwater 
and meltwater.    
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12.1 Construction aspects for inverted terrace roofs 
For a terrace roof, it is important to take external influences as well as traffic loads into 
consideration, which to a different degree influence the function of the roof. This means that 
requirements need to be set not only for the protection layer but also for the roof membrane 
and the thermal insulation. 
 
When choosing a construction the roof membrane may be the most important component to 
take into consideration, since it is concealed in the construction. When there is a leakage in 
the roof membrane it is very difficult and costly to locate and repair the leakage. In the design 
stage quality assurance means to choose the right construction principal, drainage system and 
material, as well as getting all the details correct. During the production phase, continuous 
inspections of the components in the roof construction need to be done before they are built 
into the construction. 
 
 
 
12.2 Roof membranes for inverted terrace roofs 
In an inverted roof, the roof membrane is protected form climatic influences like wind, solar 
radiation, temperature variations and so on. This is why other properties partly are required 
for the roof membrane in comparison to roofs with exposed roof membranes. The roof 
membrane needs to be of a high and perpetual quality because of the following reasons: 
* the expected technical life span of a terrace roof should be the same as for the building, 

i.e. more then 50 years 
* deficiencies and defects are difficult to detect and repair  
* during the building phase the roof membrane can be subjected to more serious strains then 

during the operation phase. 
When choosing roof membrane the aspects of appearance and heat capacity are simplified 
when the roof membrane is not exposed.  
 
There are several types of roof membranes that can be used for inverted roofs. One of them is 
the mastic asphalt shown in figure 12.4. The mastic asphalt is known as a well working roof 
membrane material for inverted roofs. The mastic asphalt is made of bitumen, filler and sand. 
When changing to polymer modified bitumen the quality was improved. The ability to 
accommodate movements and the stability of the asphalt has been improved by this. 
 

 
 
Figure 12.4. Roof membrane made of mastic asphalt.   
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The advantage with the mastic asphalt is that, if the roof membrane, the thermal insulation 
and eventual trowelling as well as the protection layer are not laid out at the same time, the 
surface can be provided with one layer of mastic asphalt to get a tight roof. The second layer 
can be applied just before the thermal insulation is, and then the remaining work is done. 
Before the second layer is applied it is important that the first layer is cleaned and primed with 
cutback bitumen so that a homogenization between the layers is obtained. 
Important properties are inspected continuously during the manufacture and while the mastic 
asphalt is applied. 
 
Bitumen roofing sheets are another type of roof membranes (figure 12.5). Nowadays the 
reinforcement is made of a polyester-felt, earlier the reinforcement was often made of a 
mineral fibre felt. 
To get a pressure-leveling layer, a underfelt coated with grains is used as a substrate for the 
double-layer covering. To obtain a robust surface the top layer is often provided with a 
protection coating.  
 
 

 
 
Figure 12.5. Roof membrane made of bitumen roofing sheets.   
 
When the double-layer covering is done with polymer modified bitumen the quality increases. 
Depending on the polymer admixture in the bitumen compound these materials can be divided 
into two groups: 
* styrene-butadiene-styrene (SBS) 
* atactic-polypropylene (APP). 
 
The properties of the roof membrane are changed to the better especially when it comes to 
low temperatures when (SBS) is added, which is a rubber material. 
When adding (APP), a thermoplastic, the ability to withstand climatic influences is increased. 
It is mostly the stability of the bitumen compound at higher temperatures that is affected. 
 

1. KoEP 2500, bonded at the joints
2. SEP 4000, fully bonded 
3. Thermal insulation 

1 

3 2 
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Roof membranes made of underfelt can also be used for terrace roofs. After the preparation of 
the concrete surface with cutback bitumen, a vapour barrier with a coat of grains underneath 
is partially fixed to the concrete terrace slab. Underfelt is used when the vapour content is less 
then or equal to 15 g/m3 in the underlying construction. When the vapour content is higher 
then 15 g/m3 underfelt with insertion of aluminum foil is used.  
An example of a roof membrane made of underfelt for an inverted terrace roof is shown in 
figure 12.6. 
 

 
 
Figure 12.6. A roof membrane made of underfelt for an inverted terrace roof construction.  
 
The roof membrane should be pulled up on the rafter at the eave (figure 12.7). 
 

 
 
Figure 12.7. The external thermal insulation is placed on top of the roof membrane on this 
concrete terrace roof. 
 
 
 
12.3 Thermal insulation for inverted terrace roofs 
While the inverted roof has the thermal insulation placed on top of the roof membrane, the 
thermal insulation is subjected to wind and precipitation. The precipitation is allowed to 
penetrate into the thermal insulation and decreases the thermal insulation ability. Different 
types of protective coarse will yield to different degrees of tightness against moisture and air 
permeability. This is of importance when it comes to how the thermal insulation material gets 
damp and the possibility for it to dry out. 
The thermal insulation can be made of one of the following materials or a combination of 
materials 
* polystyrene foam (density greater then or equal to 20 kg/m3) 
* polyurethane foam (density greater then or equal to 35 kg/m3) 
* mineral wool (density greater then or equal to 180 kg/m3) 
* glass wool (density greater then or equal to 120 kg/m3) 
* cork (density greater then or equal to 110 kg/m3).  
 

Substrate:  
Concrete terrace slab  
Roof membrane:  
KoAP 3000, pasted with hot rolled asphalt  
YAP 3000, pasted with hot rolled asphalt  
Hot rolled asphalt  
On top of the roof membrane: 
Thermal insulation 
Bonded-fibre fabric 
Gravel  
 

From top to bottom: 
Roof membrane 
Thermal insulation 
Ventilated vapour barrier 
Concrete slab 
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The thermal insulation boards are fixed to the vapour barrier with hot rolled asphalt and for 
roofs with a gravel surface the boards do not need to be fixed if the thickness of the gravel is 
adjusted to the wind load. 
Pure polystyrene foam has an initial shrinkage and relatively high coefficient of thermal 
expansion and therefore a non-fixed vapour barrier and a layer of gravel are used. 
 
After having done several measurements for many years the heat loss is known for an inverted 
roof. Thermal insulation made of extruded polystyrene foam covered with for example a layer 
of gravel has low moisture content. The moisture content varies during the year, during the 
winter the thermal insulation gets damp and during the summer it dries out, but is allays 
considerably lower then one volume-percent. This value may be considered low and only 
insignificantly affects the thermal insulation ability. 
The heat loss in the thermal insulation layer caused by climatic effects can be divided into: 
* heat loss due to precipitation 
* heat convection loss due to wind effects and natural convection 
* heat loss due to moisture in the thermal insulation material. 
 
When determining the size of the thermal insulation for inverted roofs, the moisture 
conditions are taken into account with different moisture contents in the extruded polystyrene 
foam depending upon the type of construction used. This is done with a correction term, 

w. In the same way the effects of the external climate, like precipitation and wind, are 
taken into account with another correction term, Uw. The correction is only valid for 
inverted roofs and duo-roofs. In table 3 corrections for damp environment, w, are shown. 
Construction Correction for damp 

environment, w (W/m*K) 
Paving slabs on distance pieces 
    Thermal insulation in one layer 
    Thermal insulation in two layers 

 
0,001 
0,003 

Concrete paving stone in macadam 
Reinforced concrete 
Asphalt concrete 
Roof top garden 
    Thermal insulation in one or two layers 

 
 
 
 

0,008 
Table 3. Correction for damp environment, w. 
 
The corrections for precipitation and wind, Uw, are shown in table 4. 
Construction Correction for precipitation and wind, 

Uw (W/m2*K) 
Paving slabs on distance pieces 0,05 
Concrete paving stone in macadam 0,02 
Reinforced concrete 0,01 
Asphalt concrete 0,01 
Roof top garden 0,02 
Table 4. Correction for precipitation and wind, Uw. 
Note: 
1. The values are valid for thermal insulation in one or two layers. 

2. For a duo-roof the value of Uw decreases with increased part of the thermal insulation under the roof 
membrane. 
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12.4 Different types of protective coarse for inverted terrace roofs 
The choice of protective coarse is first determined by how the terrace roof is going to be used, 
secondly the appearance can also play a role in the choice of materials. Figure 12.7 shows 
different areas of use for inverted roofs with some variations of protective coarse. 
 

      
 

      
 
 

    
 

 
 
Figure 12.7. Different types of protective coarse for inverted roofs.   
 
A terrace roof that is aimed for pedestrian traffic is usually provided with paving slabs made 
of concrete. The paving slabs are laid out in a layer of sand on top of the thermal insulation. 
Between the thermal insulation and the layer of sand, a bonded-fibre fabric is placed to 
prevent the sand from penetrating the thermal insulation. A previous thermal insulation board 
can favorably be placed on top of the regular thermal insulation. By doing that the water 
drainage to the outlets can be faster. On terrace roof surfaces with a low intensity of 
pedestrians the layer of sand can be replaced with plastic distance pieces, which are placed 
directly on the thermal insulation boards. The advantage with this construction is that the 
thermal insulation is given a greater opportunity to dry out. This has resulted in other values 
for the correction w and Uw according to table 3 and table 4. 

Lightweight traffic: 
Concrete paving stone

Walking traffic: 
Paving slabs 
A typical roof covering when only 
pedestrians use the roof. With larger concrete 
paving stones, some heavier traffic can be 
allowed. 

Heavy traffic: 
Reinforced concrete can be 
considered as the traditional 
terrace roof covering. It can 
be used as a parking deck, as 
a courtyard and so on. 
 

Heavy traffic: 
Shows a newer variation of a terrace roof or 
parking deck that are capable of carrying 
vehicles. A roof membrane with a high punch 
resistance eliminates the need for the 
traditional trowelling under the asphalt. The 
lower open asphalt layer must be laid out by 
hand because of the risk to penetrate the 
membrane. 
 

Roof garden: 
 

Roof garden: 
Shows the somewhat complicated 
construction that is necessary for plantations 
on terrace roofs with roof membranes. When 
there are trees it is necessary to complete or 
replace protection membrane with a 
trowelling to prevent the roots from 
penetrating the roof membrane. 
 

Roof garden: 
Sedum 
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For a roof garden the protective coarse can be done according to the following. A plant bed is 
placed at the very top and when trees and bushes are present a net is placed at the bottom of 
the plant bed for the roots to attach to. Under the plant bed a layer that can hold moisture 
follows. Finally a pervious board is placed on top of the thermal insulation. Between the layer 
that contains moisture and the pervious board, a bonded-fibre fabric or a rubber granulate 
sheet is placed. The rubber granulate carpet is used as a mechanical protection for the thermal 
insulation, i.e. in those cases that holes are dug for plantation or when the plant bed is laid out 
with a smaller cargo truck. 
 
 
 
12.5 Details for inverted terrace roofs 
The following figures show some construction details for inverted roofs. The connection of 
the roof membrane to the edging is shown in figure 12.8. 

 
 
Figure 12.8. The figure shows the connection of the roof membrane to the edging for an 
inverted roof.   
 
A roof outlet installed in an inverted roof is shown in figure 12.9. 
 
 
 

   
 
Figure 12.9. Roof outlet installed in an inverted roof.   
1. Roof membrane 
2. Thermal insulation 
3. Drainage layer 
4. Bonded-fibre fabric 
5. Perforated strainer 
 

From top to bottom: 
Gravel 
Bonded-fibre fabric 
Thermal insulation 
Roof membrane 
 

4 

3 

1 

5 
 

2 
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Figure 12.10 shows how the connection to a wall can be done. 
 
 

  
 
Figure 12.10. The figure shows the connection to a wall for the inverted roof.    
1. Construction plywood 
2. Roof membrane 
3. Sheet metal 
4. A sloped element at the edge 
5. Joint 
 
Figure 12.11 shows the details at the connection to a threshold. 
 

 
 
Figure 12.11. Connection to a threshold in an inverted roof construction.    
 

3 

1 
2 

4 

5 
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Figure 12.12 and figure 12.13 shows the details at an expansion joint. 
 

 
 
Figure 12.12. The figure shows an expansion joint (when the movements are less then 15 
mm).    
 
 

 
 
Figure 12.13. The figure shows an expansion joint (for grater movements).    
1. Thermal insulation 
2. Roof membrane 
3. Sheet metal 
 

2 

1 

3 
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Figure 12.14 shows how the problem with ventilation ducts that comes through the roof can 
be solved.   
 

   
 
Figure 12.14. Detail at pipe bushing unit.    
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13. Roof membranes  
In order to choose the right construction and materials for the terrace roof the use of it has to 
be determined. Depending upon the requirement of tightness and thermal insulation, terrace 
roofs can be built according to the following two major principals: 
1. without roof membrane, with or without internal thermal insulation (figure 13.1) 
 

    
a) Waterproof concrete slab.  b) Waterproof trowelling. 

 
Figure 13.1. Terrace roofs without roof membrane.  
 
2. with roof membrane, with or without thermal insulation which can be placed either 

internally or externally, in the later case under or over the roof membrane (figure 13.2). 
 

    
a) Internal thermal insulation. b) External thermal insulation, 

traditional terrace roof. 
 

    
c) External thermal insulation, d) External thermal insulation,  
inverted terrace roof.  expanded clay aggregate. 

 
Figure 13.2. Terrace roofs with roof membrane.  
 
On terrace roofs with external thermal insulation, the thermal insulation boards make up a 
substrate for the roof membrane. Terrace roofs with no thermal insulation or with internal 
thermal insulation occur more seldom, but when it does the concrete surface becomes the 
substrate for the roof membrane. 
The roof membrane can consist of one or two layers. Roof membranes made of one layer are 
usually made of: 
* thermoplastic materials (mostly PVC) 
* rubber materials (mostly EPDM-rubber) 
* polymer modified bitumen (SBS and APP). 
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13.1 Terrace roofs without roof membranes 
There is a possibility to cast waterproof concrete and in favorable cases, it can be used for 
terrace roofs. If the bearing terrace slab can not be done in that kind of concrete the terrace 
slab can be covered with a separate layer of waterproof concrete on top of the terrace slab. 
The theoretical advantages with these kinds of constructions are: 
* a roof membrane or equivalent is not needed 
* the concrete terrace slab ore the upper concrete layer can directly be used as a traffic 

surface 
* if thermal insulation is used it should be placed internally to lower the requirement of 

compressive strength. The thermal insulation can then be used as a sound absorbent as 
well. 

 
In practice difficulties with leakage has been shown with this kind of terrace roof 
constructions. Although a slope has been made on the outer side of the terrace slab to insure 
the water drainage, water has been able to find its way through cracks or straight through the 
concrete. The crack structure in the concrete can occur do to temperature variations since the 
concrete slab is not protected by thermal insulation on the outside. 

Another risk, which generally applies to a concrete terrace slab with internal 
thermal insulation, is that dripping can appear because the thermal insulation can not buffer 
the eventual surface condensation on the underneath of the concrete terrace slab. 
 
 
 
13.2 Terrace roofs with roof membranes 
Since the requirements of tightness generally can not be ignored, most terrace roofs have to be 
equipped with a roof membrane. 
Above non-heated rooms or rooms with low air moisture the terrace slab can be done without 
thermal insulation or with internal thermal insulation as shown in figure 13.1a. In both cases 
the roof membrane is either placed strait on the terrace slab, if the surface is flat, or on a 
trowelling. 
The dominating construction type is the external thermal insulated terrace slab. Traditionally 
the roof membrane was placed on top of the thermal insulation (figure 13.2b) but during the 
last twenty years so called inverted terrace roofs with the roof membrane underneath the 
thermal insulation has also been built (figure 13.2c). The roof membrane on a terrace roof is 
always subjected to several influences, since possibel damage is difficult to detect and costly 
to repair, qualified roof membranes are always used.  
The roof membranes usually come on a roll and are rolled out on the roof construction and 
then anchored and joined together. The fixation to the underneath can be done either by 
pasting, mechanical fixings or the roof membrane can be covered by a layer of gravel. The 
roof membrane can be of several layers or just one layer. The roof membranes made of only 
one layer are newer products on the market. The function of the roof membrane is totally 
dependent on that the joints of the roof membrane are waterproof. 
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13.3 Roof membranes made of mastic asphalt and underfelt 
The only real roof membrane, which were available until the thirties, were different sorts of 
mastic asphalt: 
* mastic asphalt (soft), which was laid out in two layers (10 mm + 10 mm), whence the 

upper layer was supposed to cover the small cavities that arose in the first layer due to 
pressure from below and so on. 

* mastic asphalt covering (hard), which was laid out in two layers (10 mm + 20 mm), 
whence the upper layer was supposed to stand occurring traffic loads. 

The asphalt in the mastic asphalt will volatilize gradually, therefore it is necessary with 
continuous maintenance. The surface needs to be treated with a spreading of cutback bitumen 
or hot rolled asphalt now and then. 
 
The most common roof membrane after the twenties was composed by three layers of rag felt 
and four coats of hot rolled asphalt. The roof membrane was covered with a thin drainage 
layer of gravel and on top of this there was a protective covering of concrete topping or 
paving slabs. The life span for this roof membrane was thought to be 30 years, which has 
proved to be true in most cases. 
 
The roof membrane for the terrace roof has to be designed for remaining water, other 
criteria’s that needs to be taken into account are the substrate and the protective coarse when 
selecting the roof membrane. 
Roofing sheets made of oxidized bitumen (underfelt) are manly made of one reinforcement 
material, which have been impregnated (A) and coated (Y). The reinforcement is nowadays 
felt made of either polyester (P) or mineral fibre (M). As exposed surface layer the surface is 
also coated with crushed slate (S will replace Y) for protection. If the substrate is damp, have 
joint movements or movements caused by cracks, then a underlay felt with a coat of grains on 
the underneath (to even out the pressure) can be used (Ko will replace Y). 
The group includes the following materials shown in table 5. 
 
Notation Description 
YAM Coated mineral fibre felt 
YAP Coated polyester felt 
KoAP Polyester felt with a coat of grains on the underneath 
SAP Polyester felt with protection coating of crushed slate 
Table 5. Roof membranes made of oxidized bitumen (underfelt). 
Note: 
1. The notation is completed with numbers, for example 4000, which indicates the total weight in g/m2. 
 
Usually these materials are used as a combination consisting of YAP and SAP. On airtight 
substrates, YAP is changed for KoAP instead, which is partially fixed to prevent blistering.  
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In table 6 the most common roof membrane types made of underfelt and mastic asphalt are 
gathered. 
 

Type of roof membrane Substrate Protective coarse 
Underfelt Mastic asphalt 

Concrete 
Lightweight concrete 
Foam glass 
Cork 
Wood-wool slab 

Concrete paving 
stone or similar on a 
pervious layer 
Inverted roof 
 

YAP 3000 pasted at 
the joints 
YAP 3000 fully 
bonded 

YAM 2000 (not 
fixed) 
10 + 10 mm mastic 
asphalt 

Concrete 
 
 
Foam glass 

Asphalt concrete YAP 3000 fully 
bonded 
 
YAP 3000 fully 
bonded 

YAM 2000 (not 
fixed) 
10 + 10 mm mastic 
asphalt 

Mineral wool 
(Not when heavy 
traffic is allowed) 

Concrete paving 
stone or similar on a 
previous layer 

YAP 3000 fully 
bonded 

 

Polystyrene foam  Concrete paving 
stone or similar on a 
previous layer 

Dividing layer of 
bonded-fibre fabric 
YAP 3000 pasted at 
the joints 
YAP 3000 fully 
bonded 

 

Concrete 
Foam glass 

Mastic asphalt 
covering 

 YAM 2000 (not 
fixed) 
12 mm mastic asphalt 

Table 6. The table shows the most common roof membrane types made of underfelt and 
mastic asphalt. 
 
Figure 13.3 to figure 13.6 shows examples of roof membranes made of underfelt (asphalt 
roofing sheets) and mastic asphalt. 
 

 
 
Figure 13.3. Roof membrane made of mastic asphalt.  
1. Substrate with a slope towards the outlets. 
2. Loose-laid YAM 2000. 
3. Two layers (10 mm + 10 mm) of mastic asphalt. 
4. Sliding layer and drainage layer of gravel (8-32 mm). 
5. Top layer of paving slabs or similar. 

5 
4 

3 

2 

1 
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The roof membrane in figure 13.4 is made up of two different layers. 
 

 
 
Figure 13.4. Roof membrane made up of two layers for terrace roofs with a surface layer of 
trowelling.   
 
The roof membrane in figure 13.5 is made up of two layers. 
 

 
 
Figure 13.5. Roof membrane made up of two layers for terrace roofs with a surface layer of 
asphalt concrete.  
 
Figure 13.6 shows a roof membrane made of underfelt with a reinforcement made of 
polyester-felt.  
 

 
 
Figure 13.6. Roof membrane made of polyester-felt.   
1. Substrate with a slope towards the outlets. 
2. YAP 2500, which is fully bonded, or KoAP 2500, which is partially bonded. 
3. YAP 2500, which is fully bonded with asphalt. 
4. Sliding layer and drainage layer of gravel (8-32 mm). 
5. Top layer of for example paving slabs. 
 

The substrate could for example be cork. 
Roof membrane:  
KoAP 3000, bonded at the joints with hot rolled asphalt
YAP 3000, fully bonded with hot rolled asphalt  
On top of the roof membrane: 
Sliding- and drainage layer 
Trowelling  
 

The substrate could for example be foam glass.  
Roof membrane:  
YAP 3000, fully bonded with hot rolled asphalt
YAP 3000, fully bonded with hot rolled asphalt
On top of the roof membrane: 
Asphalt concrete 

 

5 4 

3 

2 

1 
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Roofing sheets made of polymer-modified bitumen can be divided into three groups 
depending upon the type of bitumen used: 
1. Styrene-butadiene-styrene copolymer (SBS) 

The construction is identical to the on of the roofing sheets made of oxidized bitumen 
(underfelt). (A) is replaced with (E) in the notation. The most common roof membrane 
materials in this group are YEP, KoEP and SEP.  
There is also a thicker variation with protection coat, which is used as a single-layer roof 
membrane and to be able to separate this one from the usual SEP it is called SBS roofing 
sheet. 
When it comes to quality the admixture of SBS (a rubber material) makes the properties of 
the roof membrane especially at low temperatures much better. The material is not 
affected by moisture or rot. 

2. Atactic polypropylene (APP) 
APP-modified asphalt is produced by a polymerization process, which was rewarded with 
the Nobel Prize in 1965. In the process the asphalt is enclosed in a protective layer of 
polymers. Roofing sheets made with APP-bitumen are reinforced with polyester felt. They 
often lack protection coat, since the APP admixture in the right proportion gives a good 
protection against ultraviolet radiation as well as other climatic influences.  
APP roofing sheets are used as a single-layer roof membrane and have been welded to the 
underneath layer until 1991. Due to a huge number of fires during the welding the method 
is now changed to either fixed with cold asphalt or mechanically attached. 
Except the improved protection against climatic influences the admixture of APP (a 
thermoplastic) also improves the stability of the roof membrane at high temperatures. 
APP roofing sheets are noted with the addition of a number, for example 4, which 
indicates the thickness in mm. 

3. Ethylene-copolymerisate-bitumen (ECB) 
Roofing sheets/foils of ECB lacks reinforcement and protection coat. The copolymerisate 
has a high rupture strain but a relatively low limit of elasticity, which sometimes leads to 
lasting deformations when it is affected by the wind for example. The aging properties are 
good, but the resistance against glowing airborne material is quite bad. 
ECB roofing sheets are noted with the addition of a number, for example 2, which 
indicates the thickness in mm. 
The roofing sheets are mechanically attached with connectors in the splices, which are 
welded with hot air. Loose-laid roofing sheets with a gravel layer on top also occur. 

 
Figure 13.7 to 13.11 shows some connection details for a roof membrane in terrace roofs. 
Figure 13.7 shows the roof membrane made of underfelt pulled up against the wall, the roof 
membrane should be pulled up against the wall at least 200 mm above the completed surface 
layer and at least 100 mm above the storm overflow. The roof membrane is here pulled up 
against a plywood board with a ventilated layer behind it. The ventilated layer is connected to 
the system of grooves in the thermal insulation. 
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Figure 13.7. The roof membrane is pulled up against the wall.  
 
Figure 13.8 also shows the connection to a wall. The roof membrane shown in the figure is 
made of polyester-felt. 
 
 
 

 
 
 
Figure 13.8. Connection to the wall for a roof membrane made of polyester-felt.   
1. Substrate. 
2. Loose-laid YAP 2500. 
3. YAP 2500, nailed and pasted at the top, pasted at the bottom. 
4. Fully bonded YAP 2500. 
5. YAP 2500, nailed and pasted at the top, pasted at the bottom. 
6. Protective sheet-metal. 
7. Sliding layer, drainage layer and paving slabs. 
8. Cladding. 
 

7 

4 
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6 
5 
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The connection to a wall with a roof membrane made of mastic asphalt is shown in figure 
13.9. 
 
 
 

 
 
 
Figure 13.9. Connection to the wall for a roof membrane made of mastic asphalt.   
1. Substrate. 
2. Mastic asphalt, bottom layer. 
3. YAP 2500 or PIB, nailed and pasted at the top. 
4. Mastic asphalt, upper layer. 
5. YAP 2500 or PIB, nailed and pasted at the top. 
6. Protective sheet-metal. 
7. Sliding layer, drainage layer and paving slabs. 
8. Cladding. 
 
Figure 13.10 shows an expansion joint with the roof membrane pulled up against two bases 
and covered with sheet-metal with an expansion weld.  

 
 
Figure 13.10. Expansion joint.   
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In figure 13.11 a roof outlet installed in a terrace roof is shown. 
 

 
 
Figure 13.11. Roof outlet installed in a terrace roof.  
 
 
 
13.4 Roof membranes made of plastic and rubber   
Foils started to be used as roof membranes during the sixties and there were great 
expectations on their performance. However there occurred some failures with the first terrace 
roofs built with foils because it was not known that the material was so sensitive to punching 
failure, cuts, folds around sharp corners and so on. 
The technique used to lay out the foils is different to the one used for underfelt covering. Even 
if the materials have a high strain capacity the details should not be simplified too much. The 
materials occur as: 
* plastic foils like for example PVC and PIB  
* rubber foils like for example IIR and EPDM. 
 
The foils are sensitive to external effects like ultraviolet radiation, clearing away of the snow 
and so on.  
 
Table 7 shows different types of roof membranes made of plastic and how they are used. 
 
Type of plastic 
roofing sheet 

Designated area Method used to fix 
the material to the 
underneath 

Method used to join 
the roofing sheets 

PIB (polyisobutylene) On roofs with a gravel 
surface 
On terrace roofs 

Pasted with hot rolled 
asphalt 

Solvent welding 

PVC (soft polyvinyl 
chloride) 

On roofs with a gravel 
surface 

No fixation to the 
underneath is needed 

Solvent or hot-air 
welding, 
supplementing with 
floating PVC 

ECB (polyethylene 
and asphalt) 

On roofs Pasted with hot rolled 
asphalt 

Hot-air welding 

PVC (PVC and tar 
polymer) 

On terrace roofs Pasted with hot rolled 
asphalt 

Pasted with hot rolled 
asphalt 

Table 7. Roof membranes made of plastic. 
Note: 
1. Reinforced PVC can also be fixed to the underneath with mechanical fixings, no gravel surface is needed then. 
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The dominating roof membrane made of plastic is PVC. Roof membranes made of PVC occur 
both with and without reinforcement. Without reinforcement when it is covered with gravel 
and when it is used for construction details. When it is reinforced, it is done with polyester felt 
or mineral fibre felt. The thickness is normally 1.2 mm.  
Since the end of the seventies when the plasticizer in the PVC was stabilized the aging 
properties of the material have improved. Attachments of reinforced PVC foils are done with 
mechanical connectors at the hot-air welded splices. 
A material somewhat like PVC is chlorinated polyethylene, CPE. The material is soft and 
does not contain a plasticizer. The aging properties are very good. The reinforcement, the 
thickness and the way it is laid out are all the same as for PVC foils. 
The first plastic foil used as roof membrane in Sweden was polyisobutylene, PIB, and is 
nowadays only used sparse on roofs. On terrace roofs however it is often used for connections 
when mastic asphalt is used as roof membrane. The experience from other countries shows 
that the new generation of PBI has good aging properties even when it is exposed on the roof. 
When it comes to thickness, reinforcement and the way it is laid out, it is the same as for PVC 
foils. 
 
On the Swedish market the most common rubber roofing sheet is ethylene-propene-diene- 
monomer EPDM. The earlier used butyl-foil roofing sheet has disappeared from the market. 
EPDM, which is reinforced with polyester and has a thickness of 1-2 mm, has very good 
properties against aging. 
The roofing sheets are laid out as a single-layer roof membrane. The sheets are 1.3 m wide 
and the splices are pasted or larger unites put together in the factory (about 300 m2). The 
attachment to the substrate is done with mechanical fixings. When a layer of gravel is laid out 
on top of the roof membrane it does not need to be fixed to the substrate. 
 
Table 8 shows different roof membranes made of rubber. 
 
Type of rubber 
roofing sheet 

Designated area Method used to fix 
the material to the 
underneath 

Method used to join 
the roofing sheets 

IIR (isobutylene and 
isoprene) 

On roofs with a 
gravel surface 
On terrace roofs 

No fixation to the 
underneath is needed 

Solvent and splice 
tape made of IIR 

CR (chloroprene) Details for roof 
membranes on 
terrace roofs 

Pasted with hot rolled 
asphalt 

Pasted with hot rolled 
asphalt or contact 
adhesive 

CSM 
(chlorsulphonethylene) 

On roofs Pasted with neoprene 
latex adhesive 

Pasted with neoprene 
latex adhesive 

EPDM/PIB (ethylene-
propene-diene-
monomer coated with 
polyisobutylene on both 
sides) 

Details for roof 
membranes like 
expansion joints for 
example on terrace 
roofs 

Pasted with hot rolled 
asphalt 

Pasted with hot rolled 
asphalt 

Table 8. Roof membranes made of rubber. 
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The connection of a PVC roofing sheet to the wall is shown in figure 13.12. The connection 
of the roof membrane to the roof surface is done by placing the PVC roofing sheet around an 
angle fillet. The PVC roofing sheet is pulled up against the wall and to get a homogeneous 
joint to the roof membrane on the roof a solvent welding is done. The roofing sheet is also 
pasted to the wall surface with a special adhesive. 
 

 
 
Figure 13.12. The connection of a roof membrane made of PVC roofing sheet to a wall.  
1. Vapour barrier 
2. Thermal insulation 
3. Underfelt 
4. PVC roofing sheets  
5. Angle fillet 
6. Gravel 
7. Sheet-metal 
 
In the expansion joint, done with PIB roofing sheet in a terrace roof, the joint movements are 
taken up by the bending of the roofing sheet and also by the first-rate strain properties of the 
roofing sheet.  
 

 
 
Figure 13.13. An expansion joint in a terrace roof with a PIB roofing sheet as roof 
membrane.  
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Experience has led to the following roof membranes, which aim to manage a water pressure 
of 0.3 MN/m3 during one hour at 20 degrees Celsius. Roof membranes made of 
thermoplastics or elastomers are shown in figure 13.14. 
 
 
 
 

 
 
Figure 13.14. Roof membrane made of thermoplastics or elastomers.   
1. Substrate with a slope towards the outlets. 
2. Dividing layer, (layer of bonded-fibre fabric). 
3. Foils of thermoplastic, loose-laid and joined together with a welding, or foils of 

elastomers, loose-laid and joined with splice tape or contact adhesive. 
4. Sliding layer and drainage layer of gravel (8-32 mm). 
5. Top layer of for example paving slabs. 
 
The connection to a wall with thermoplastics or elastomers is shown in figure 13.15. 
 

  
 
Figure 13.15. Connection to the wall for a roof membrane made of thermoplastics or 
elastomers.   
1. Substrate. 
2. Sheet-metal support. 
3. Supporting board. 
4. Angle fillet. 
5. The foil is folded around the angle fillet. 
6. The foil is folded up against the supporting board and is nailed at the top. 
7. Sliding layer, drainage layer and paving slabs. 
8. Protective sheet-metal that covers the supporting board. 
9. Cladding. 
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14. Damages and measures taken to restore them 
Terrace roofs are subjected to climatic and mechanical influences, which can cause damages 
in the roof construction. If the maintenance is neglected the terrace roof construction can be 
damaged. In the maintenance of a terrace roof, the following is usually included: 
* the roof surface needs to be cleaned, especially at the lowest points and the roof outlets 
* completion and exchange of damaged sheet-metal flashings, safety devices and so on 
* exchange of damaged protective course 
* maintenance painting of sheet-metal. 

 
During the fifties, sixties and seventies the production of terrace roofs were extensive. The 
decline thereafter was not only a consequence of the decline in the building sector. Extensive 
and costly failures made many abandon building roofs with as it was said built in risks. Today 
there is sufficient knowledge and access to good materials, so a terrace roof should not have 
to be looked upon as a risk.  
Damages due to moisture are the most common damages in terrace roof constructions. Most 
of the damages caused by moisture can be avoided by choosing the right construction with a 
practical execution. 
Before reconstruction/renovation of an existing terrace roof a thorough inspection of the 
conditions must be done. For example, the following must be confirmed: 
* if there are damages due to moisture in the construction which have led to or could lead to 

biological attacks 
* if there are possibilities for the construction to dry out 
* if there are damages due to corrosion, because of leaching and carbonation, which could 

have affected the carrying capacity and the function 
* if the available height between the roof and for example the door threshold allows a new 

roof to be built on top of the old one. 
 
If it is established that the damage in an existing roof is of such an extent that the roof can not 
be repaired, then the top layer, the roof membrane and the thermal insulation must be 
removed. After checking the carrying capacity of the terrace slab and the slope, a new 
inverted roof is built.  
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Damage caused by moisture that comes through the terrace roof covering because of different 
reasons, are discovered in the construction by discolorations on the façade and inside the 
building. The extents of the damage can be determined after the construction is exposed. 
 

 
 
Figure 14.1. The figure shows damages caused by moisture.   
1. Damage to the terrace roof surface. 
2. Roof leakage through joints, bushings and so on, which lead to drenching of the thermal 

insulation material and discolorations on internal surface layers. 
3. Roof leakage at the eave with discolorations and flakiness on the façade surface layer 

underneath. 
 
Damage due to a worn-out state caused by traffic loads and so on is totally natural and is a 
subject for the usual maintenance proceedings. Damage due to deformations depends partly 
on changes in the supporting substrate and partly on movements of the building structure. 
 
 

 
 
Figure 14.2. The figure shows damages caused by deformations.   
1. Settlement of the substrate. 
2. Angular changes of the terrace slab. 
3. Damages to the surface of the roof covering. 
4. Damages to the surface of the top layer. 
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14.1 Damages caused by water leakage 
The most common damage on a terrace roof is water leakage. The leakage can occur 
anywhere in the roof construction and often at another place then where the water from the 
outside penetrated.  
The reasons for the leakage are innumerable, one reason could be a damaged roof membrane. 
Above the roof membrane there can be reckless traffic, ice blasting and thermal movements in 
the roof coverings. Underneath the roof membrane there can be movements duo to shrinkage 
in the thermal insulation boards. The water that comes through the openings in the roof 
membrane is partly absorbed by the thermal insulation boards and partly penetrates the terrace 
slab.  
Another reason could be cracks in the edgings against the external walls. This can occur if the 
edgings are poorly anchored to the terrace slab and the external wall. When ice is formed on 
the roof surface during the winter, the ice can force the edging outwards so that cracks arise in 
the façade. The water penetration can bee seen as discolorations. 
If the edgings are too low, water can reach the top of the edgings when snow melts or the 
outlets are clogged and penetrate behind the sheet-metal and continue in to the thermal 
insulation. This in turn can lead to discolorations on and under the edgings. 
 

 
 
Figure 14.3. Damage caused by water leakage on a terrace roof.   
 
First the extent of the damages caused by the water leakage is determined and then the 
damaged parts of the roof construction are repaired.  
The top layer of the roof construction and all old sheet-metal are removed. For small damages 
that can be located, necessary repairer is done. New sheet-metal flashings are installed on the 
terrace roof.  
If the damage can not be located, the whole roof covering is removed so that the damaged 
places on the roof membrane can be found. The roof surface is cleaned and if necessary the 
slopes towards the roof outlets are improved. Then 20 mm of mineral wool boards are laid out 
and on top of that a new roof membrane with a sliding layer, drainage layer and paving slabs 
are placed. The borders are made higher if needed and are provided with new sheet-metal 
flashings. 
If needed internal and external surfaces are restored. 
 

Damaged roof 
membrane 

 
Cracks in the edgings against the 
external walls 

 

Discolorations on and under 
the edgings 
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Here follows some examples of roof constructions with damages caused by water leakage and 
suggestions on how to repair them. 
 
Example 1: 
The terrace roof construction shown in figure 14.4 consists of the following: 
* concrete terrace slab and on top of this thermal insulation made of cork or similar 
* roof membrane made of mastic asphalt or insulating membrane on top of the concrete 

topping which has a slope towards the outlets 
* on top of the roof membrane, there is a 50 mm thick layer of gravel. 
 

 
 
Figure 14.4. Damage on terrace roofs due to water leakage.   
 
The terrace roof construction shown in figure 14.4 has been damaged by moisture. Water 
leakage has caused visible discolorations underneath the terrace slab, especially underneath 
such details as outlets and pipe bushing units. The maintenance of this roof has probably been 
neglected. The roof membrane has been leaking at the most exposed parts of the roof 
construction. The flanges of the outlets and bushings could be too narrow. Water has found its 
way through there, whence some of it has stayed in the thermal insulation material and some 
of the water has found its way through the concrete and caused visible water leakage. Very 
often it is hard to locate the places where it is leaking since the roof membrane is hidden 
under a layer of gravel. 
The water leakage can also appear under the glass lantern lights as discolorations. The lantern 
lights could have deficiencies in the joints between glasses and glazing bars, the joints could 
have been leached. Another reason can be condensate from damp indoor air. 
 
To repair this terrace roof construction the first step is to locate where the roof has been 
damaged. The gravel layer might have to be removed totally to be able to locate the damage, 
then the surface of the roof membrane is inspected (figure 14.5). Sheet metal, plaster and so 
on, on the upper edge of low bases are removed.  
The roof surface is cleaned and the thermal insulation needs to dry out. If necessary the slopes 
towards the outlets are increased, this is done with thermal insulation boards. On top of the 
thermal insulation 20 mm of mineral wool boards are attached to the terrace slab with 
mechanical fixings. On top of this a roof membrane made of YAP 2500 and SAP 4000 is laid 
out which is fully bonded to the underneath with first-rate connections against roof outlets, 
bases and so on. 
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The joints around the lantern lights are sealed or exchanged to dome lights with frames of 
secured height. Bases, edgings and so on are added onto until they reach a secure height and 
are provided with sheet-metal. 
To simplify the cleaning of the roof surface it is covered with paving slabs or similar on top of 
a layer of gravel with a sliding layer. 
If needed the internal surfaces are restored. 
 
 

 
 
Figure 14.5. The figure shows how a damaged terrace roof is repaired.   
1. The gravel layer and all of the sheet-metal are removed. 
2. The slopes towards the outlets are increased. On top of the thermal insulation 20 mm of 

mineral wool boards are attached with mechanical fixings and then a roof membrane 
made of YAP 2500 and SAP 4000 is laid out which is fully bonded to the underneath. 

3. The joints around the lantern lights are sealed. 
4. Bases, edgings and frames are added onto until they reach a secure height and provided 

with sheet-metal. 
5. Paving slabs on top of a layer of gravel with a sliding layer. 
 
Example 2: 
The terrace roof in this case consists of the following (figure 14.6): 
* concrete terrace slab with thermal insulation of expanded plastic boards on top  
* roof membrane made of insulating membrane on top of the concrete topping which is 

sloped towards the outlets 
* paving slabs on top of a pervious layer of gravel. 
 

 
 
Figure 14.6. Damage on terrace roofs due to water leakage.   
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Water leakage through the terrace roof construction: 
The water leakage has caused visible discolorations underneath the terrace slab. The roof 
membrane has cracks due to the movements caused by shrinkage of the thermal insulation. 
Water has found its way through the cracks, whence some of it has stayed in the thermal 
insulation material and some of the water has found its way through the concrete terrace slab. 
It is hard to locate the places where it is leaking. 
 
Water leakage at bushings in the terrace roof construction: 
The water leakage has caused visible discolorations underneath the terrace slab, especially 
underneath such details as outlets and pipe bushing units. The maintenance of this roof has 
probably been neglected. The roof membrane has been leaking at the most exposed parts of 
the construction. Water has found its way through there, whence some of it has stayed in the 
construction and some of it has found its way through and caused visible water leakage. 
 
The first step is to locate the places where water leakage has occurred. To repair this terrace 
roof construction paving slabs and the pervious layer underneath are removed (figure 14.7). 
Sheet-metal, plaster and so on, on low bases are also removed. Then the surface of the roof 
membrane, slopes and connection details are inspected.  
The roof surface is cleaned and if necessary the slopes towards the roof outlets are improved. 
Thereafter 20 mm of mineral wool boards are laid out on top. 
Bases, edgings and so on are added onto until they reach a secure height and are provided 
with sheet-metal. 
On top of the mineral wool boards a new roof membrane made of YAP 2500 and SAP 4000 is 
laid out, which is fully bonded to the underneath with satisfactory connections against roof 
outlets, bases and so on. 
On the roof membrane a sliding layer and paving slabs on top of a pervious layer are laid out. 
The internal surfaces are restored. 

 
 
Figure 14.7. The figure shows the steps for repairing a damaged terrace roof.   
1. Paving slabs, pervious layer and all of the sheet-metal are removed.  
2. The roof surface is cleaned and if necessary the slopes towards the roof outlets are 

improved. Thereafter 20 mm of mineral wool boards are laid out on top. 
3. Bases and edgings are added onto until they reach a secure height and provided with 

sheet-metal. 
4. A new roof membrane made of YAP 2500 and SAP 4000 is laid out, which is fully bonded 

to the underneath. 
5. A sliding layer and paving slabs on top of a pervious layer are laid out. 
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14.2 Damages at terrace roof connections 
Terrace roofs used for traffic are usually given a slope > 1:40 towards the roof outlets. The 
terrace slab should be able to withstand traffic load and should be given possibilities to 
expand at all connections against walls, edgings and so on and at the same time maintain 
absolute tightness against rainwater and remaining meltwater. 
The reliability of the tightness of a terrace roof is connected to the quality of the roof 
membrane and the details, especially at the connections against walls and edgings. 
 
The edging can be deformed (pushed outwards) and with the result of mostly horizontal 
cracks where water can find its way through and cause damages. The concrete topping on top 
of the thermal insulation does not have any real joints and then there is no space for expansion 
when the temperature changes. 
 

 
 
Figure 14.8. Damages at the connection between the terrace slab and the edging.   
 
When repairing the edging the terrace roof covering, the roof membrane and the concrete 
topping are removed. The thermal insulation is provided with sloped thermal insulation 
boards to get sufficient slopes towards the outlets. Mineral wool boards are laid out on top of 
the thermal insulation. A new roof membrane, pervious layer and terrace roof covering are 
laid out and the edging is covered with sheet-metal. 
 

 
 
Figure 14.9. The figure shows the connection between the terrace slab and the edging.  
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Water has found its way through the construction. The concrete topping on top of the thermal 
insulation fits tightly against the wall. The changes in temperature cause the concrete topping 
to move and this has lead to damages at the connection to the wall. 
 

 
 
Figure 14.10. The figure shows a damaged connection between the terrace slab and the wall.   
 
The reparation starts with removing the terrace roof covering, roof membrane and concrete 
topping from the damage base. The thermal insulation is provided with sloped thermal 
insulation boards to get sufficient slopes towards the outlets. The protective sheet-metal is 
placed against the wall with additional roof membrane. The roof construction is provided with 
a new roof membrane, pervious material and terrace roof covering. The base is covered with 
sheet-metal, which is connected to the cladding. 
 

 

 
 
Figure 14.11. The figure shows the connection between the terrace slab and the wall.   
 
Water has found its way through the terrace slab around the roof outlet, whence some of it 
spreads to the surrounding thermal insulation material and some of it leaks out. The roof 
outlets are placed too high and can have narrow flanges, which yields inadequate attachment 
for the roof membrane. 
 

 
 
Figure 14.12. The figure shows water leakage at the connection to the roof outlet.   
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When repairing the water leakage at the roof outlet the roof outlet is removed and replaced 
with a new roof outlet with wide flanges. The new roof outlet is placed on a lower level. 
Additions are made to the roof membrane and the thermal insulation around the outlet. The 
terrace roof covering with pervious material is restored. 
 

 
 
Figure 14.13. The figure shows the connection between the roof outlet and the terrace slab.   
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15. Green roofs 
In Sweden there is a long tradition of building green roofs, during one period grass-peat was 
used on many buildings. Peat roofs had an outer covering of peat and a roof membrane of 
birch-bark. The main part of the precipitation was supposed to run off through the peat and 
only a small part of the precipitation should reach the roof membrane. The peat had to be able 
to stand drought and should not have a root system that could penetrate the roof membrane. 
There were several problems with the peat roof. Some examples are listed below: 
* The peat can glide in the direction of the roof pitch so that the ridge will be left open. 
* The peat can dry out, shrink, and therefore make the roof non-tight. 
* The eave, which should hold the peat in place on the roof, can easily be exposed to rot. 
The motives for building green roofs were not the same as they are today, the peat was used to 
protect the roof construction, to prevent leakage and to thermally insulate the roof 
construction. Later other motives came along like for example to create a roof garden with 
bushes, trees, lawns, places to sit and footpaths.  

 

   
 

   
 
 
Figure 15.1. From old grass covered peat roofs to lightweight sedum-roofs.   
 

Peat roof, 300 kg/m 2 

Roof garden, 1000 kg/ m2 Bio bed, 800 kg/m2 

Lightweight roof garden, 300 kg/m2

 
Sedum-roof, 30-80 kg/m2
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In Europe especially in Germany, the Netherlands and Switzerland but also in Austria and 
France, a number of green roofs are built. The method of building green roofs was developed 
in Germany during the seventies. The sedum-roofs had a very quick development in Europe 
during the eighties. In Sweden, the extent is so far moderate, but it is steadily increasing. The 
quantity of sedum plants used on roofs in 1995 was 2,000 m² and in 1998 it was 14,000 m² in 
Sweden. 
 
There are many advantages with green roofs, some of them are listed below:  
* Green roofs reduce the load on the sewage system by allowing for a large proportion of 

rainwater to be assimilated by green plants or to evaporate.  
* Green roofs provide a better microclimate.  
* The green roof protects underlying roof material.  
* A living rooftop replaces land taken by buildings and thereby contributes to preserving 

biological diversity. 
* A green roof provides an attractive view compared to a felt or sheet metal roof.  
* A green roof reduces noise   
* The green roof insulates against summer heat and winter cold   
 
The moss-sedum sheet consists of, a thin soil stratum which together with the roots of the 
plants and a built in mesh, form a continuous plant bed. The plants are moss species and 
sedum species in the proportions of 60/40. In moist condition the weight is about 30 kg/m2 
and the thickness is about 20 mm. 
Under the plant bed a pervious layer is needed, for example gravel or pervious boards. The 
included plants can withstand severe drought and during the dry periods unwanted plants like 
grass, birch and so on will dry out. The sedum-roof does not need irrigation. 
The thickness of the plant bed varies from 25 mm to 60 mm.  
 

 
 
Figure 15.2. The figure shows the construction of a sedum-roof.  
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15.1 Reasons for a green roof 
In the cities, there are many buildings with flat or low-sloped roofs covered with sheet-metal 
or underfelt. When these buildings are lower then the surrounding buildings, these are the roof 
surfaces that can be seen from other buildings. These surfaces do not have to be large to be 
found gloomy and dull. By covering these surfaces with vegetation, life can be given to these 
surfaces and the different seasons can be followed through blooming and changed colors on 
the leaves and so on. In background to a more and more dense city structure with dominating 
hard surfaces it is important to be able to offer the beauty that a blooming and verdant 
vegetation bed can give. 
 

           
 
Figure 15.3. The figure shows a green terrace roof, to the right the roof is provided with 
several skylights.   
 
Green roofs are not only built for esthetical reasons, which was the main reason from the 
beginning. There are other reasons like for example when it rains heavily some of the water 
stays in the soil stratum where it is partly taken up by the plants and partly evaporates, the rest 
of the water is delayed and it takes time before it reaches the surface water system. This 
makes the water flow more even and the capacity of the surface water system can be designed 
thereafter. 
Another reason could be because no continues maintenance is necessary for a moss- and 
sedum-roof, yearly inspections with a light top-dress and removal of any young tree seedlings 
is what is needed. Sometimes weeds take root during long periods of rain, but as soon as the 
dry weather comes they will dry out. Natural rainfall normally provides an adequate water 
supply. Grass and herb roofs demand more cultivation care and might need watering. 
A 40 mm thick plant layer on the roofs costs 350-400 kr/m2 (including the cost of laying the 
carpet) for pre-fabricated carpets, and less if they are planted in situ. There are also a number 
of additional benefits that can provide an economic return on the investment through 
improved rainwater management, reduced energy consumption and extended life expectancy 
for existing roofing materials. 
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15.2 Environmental aspects 
Surfaces covered with vegetation works as a filter, dust particles stick to leafs and straws and 
are then washed down to the soil surface by rainwater. Through the assimilation process 
carbon dioxide is consumed and oxygen is produced and at the same time the atmospheric 
humidity is increased. 
 

 
Figure 15.5. Dust and small particles stick to plants and plants emit oxygen.   
 
A surface covered with vegetation reduces the noise by a decreased reflection. Soft surfaces 
reduces the noise more then hard surfaces. 
 

 
 

Figure 15.6. Soft surfaces reduces noise more then hard surfaces.   
 
When building a green roof recycled building materials can be used as drainage layer in the 
roof construction. An example of material that can bee recycled for this use is crushed brick.   
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15.3 Technical aspects 
The temperature variations on a roof surface can decrease a greate deal with a vegetation bed 
on the roof. The highest temperatures will be decreased and the lowest temperatures will be 
increased. In Germany, tests have shown a decrease of the surface temperature from 80 C to 
35 C as well as an increase from -30 C to -5 C, i.e. the temperature variations will decrease 
70 . 
 

 
Figure 15.7. A vegetation bed on the roof reduces the temperature variations on the roof 
surface.   
 

 
Figure 15.8. A vegetation bed on the roof reduces the temperature variations on the roof 
surface.   
 
A surface covered with vegetation protects the underlying roof finish, due to the decreased 
temperature changes, stresses and movements are decreased. The vegetation layer also 
protects the roof finish from ultraviolet radiation and to some extent mechanical actions. 
 

 
Figure 15.9. A roof surface covered with vegetation protects the underlying roof finish.   
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A surface covered with vegetation yield to save energy because it decreases the heat radiation 
from the roof and it decreases the temperature reduction inwards when the weather is cold and 
therefore the need for heating is decreased. It yields to save energy in the same way at high 
temperatures by decreased heating of the roof. 
A green roof can sometimes eliminate the need for air conditioning in the underlying rooms. 
 

 
 

Figure 15.10. When the roof surface is covered with vegetation the heat loss through the roof 
decreases.   
 
A surface covered with vegetation has a water regulating effect, some of the water stays in the 
soil stratum where it is partly taken up by the plants and partly evaporates, the rest is delayed 
which gives an even water flow compared to hard roof surfaces. Already with a 20 mm thick 
sedum plant bed on top of a drainage layer of gravel, 60 % of the yearly precipitation never 
reaches the drainage system. 
 

 
 

Figure 15.11. A grate deal of the precipitation can be taken up by the plants and never 
reaches the drainage system.  
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15.4 The construction of sedum-roofs 
A sedum-roof consists of four layers: 
1. Vegetation layer. 
2. Plant substrate, soil or plant bed. 
3. Drainage layer, gravel or pervious sheet. 
4. Protection against root penetration, non-permeable membrane. 
 
A green roof is created either by sowing or by planting directly onto soil, or by mounting 
prefabricated vegetation mats on the roof (figure 15.12). The vegetation can be established 
with a relatively low demand on capital or human resources. The objective is to create durable 
habitats that are essentially maintenance free.  
 

 
 
Figure 15.19. A sedum-roof is laid out with a mobile crane.   
 
Relatively thin layers of underlying vegetation characterize green roofs. For sedum-roofs with 
a soil stratum between 25 and 50 mm, the plants that can be used are limited. If the 
requirement that the plants should not need to be watered or dunged is added the number of 
suitable plants decrease even more.  
Different types of grasses do not work well. Grass can not withstand drought good enough, 
and if the grass is watered, unwanted weeds can grow. At least 100-120 mm of soil is needed 
for grass to be able to grow. 
Sedum species and mosses are the most common used plants. The plants are chosen to fit the 
climate. In Sweden the following plants can be used: 
 
Sedum species:  Mosses: 
Sedum acre   barbula convuluta 
Sedum album  tortula ruralis 
Sedum reflexum  bryum argentum 
Sedum lydium  bryum alpinum 
Sedum sexangulare  brachythecium rutabulum 
   rhytidium rugosum 
   ceratodon purpureus 
   schistidium apocarpum  
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Figure 15.13. The figure shows a variation of sedum plants.  
 
The soil thickness varies between 25 mm and 60 mm. When it comes to the composition of 
the soil and its constituents the variation is great. Usually it is a mixture of porous mineral 
materials like for example crushed lava, in combination with clay and humus. Crushed clay 
shale, bentonite and expanded clay substrate can be included. 
It is important to get a suitable balance between the remaining water and drainage capacity as 
well as getting a lasting soil, which is not worn down. 
 
If the water is not lead away unwanted vegetation increases. It is recommended to use a gravel 
layer for the drainage and where it is not suitable to use gravel for example because of the 
underlying substrate use a thin (about 10 mm) pervious sheet. 
 
The protection against root penetration is applied on top of the drainage layer, the thermal 
insulation and if it occurs the trowelling. Some examples of layers that protects against root 
penetration are listed below: 
* 6-8 mm thick rubber sheet 
* 2x0.8-1 mm plastic foil 
The need for protection against root penetration can be discussed when it comes to sedum-
roofs. With plant material mainly consisting of sedum species and mosses the root 
development is poor and there is hardly any risk that it will damage the thermal insulation. If 
the yearly inspection is neglected however, there is a risk that seeds from plants of a more 
aggressive species can grow. Another risk is if the water drainage is not satisfactory and water 
pondings can form on the roof where more water demanding plants can survive and grow.  
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15.5 Technical solutions 
To build a green roof does not require anything special from the roof construction. The low 
weight, 30-80 kg/m2 saturated, normally does not require any strengthening of the concrete 
terrace slab. The weight of a green roof is not more then the weight of a roof covered with 
concrete paving slabs. 
Sedum-roofs works best when the roof slope is between one and two percent. When the roof 
is totally flat problems can arise because of small local water gatherings under the plant layer. 
Remaining water can make it possible for unwanted plants to take root. This in turn requires 
regular inspections. As drainage layer a layer of gravel, different types of pervious sheets as 
well as pervious boards can be used. 
Sedum-roofs can be built on underfelt roofs, sheet metal roofs and concrete roofs. 
The green roof can easily be repaired or even be moved, if the building is to be torn down. 
Green roofs are classified as non-burnable. 
 
The easiest way to make the connections towards outlets, walls, eaves and so on is to lay a 
gravel string between the plant layer and the part that the connection connects to. Figure 15.14 
to figure 15.18 shows examples of different connections. Figure 15.14 shows the connection 
to the eave. 
 

  
 
Figure 15.14. Normally a gravel string at least 150-200 mm wide is laid out as a connection 
to the eave. If the eave is low, the connection can be done with a rafter inside the gravel 
string.   
 
Figure 15.15 shows the connection to a wall. 
 

 
  
Figure 15.15. A gravel string is also used in the connection to a wall.   
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Figure 15.16 shows the connection to an outlet. 
 

  
 
Figure 15.16. A gravel string around outlets minimizes the risk of clogging the outlets. If the 
plant layer is connected to the roof outlet then it is very important that the bonded-fibre fabric 
is pulled up around the strainer so that it stops soil and plants from clogging the roof outlet.   
 
Figure 15.17 shows the connection to an outlet in an underfelt roof. 
 

 
 
Figure 15.17. The figure shows a roof outlet in an underfelt roof. A pervious sheet has 
replaced the gravel layer.   
 
Figure 15.18 shows the connection to a skylight. 
 

 
 
Figure 15.18. The connection to the skylight is also done with a string of gravel.  
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15.6 Practical knowledge 
The technique to use sedum-roofs has been available for a long time. There have been some 
problems with some artificial materials used in the construction, when these materials age 
settlement can occur. The use of natural materials, like gravel as a drainage layer for example 
works just fine. 
 

 
 
Figure 15.18. The figure shows an example of a roof garden.  
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