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Abstract
Swedish Technical Benchmarking of Tall Timber Buildings
The use of wood in the construction of multi-storey buildings has increased since the
middle of the 1990’s and is still expected to grow in the future. 1994 the Swedish building
rules changed. From material based, the rules became functional based. Before this year,
the use of wood in houses with more than two storeys were prohibited for fire safety
reasons. Now that wooden multi-storey buildings have been built for almost a quarter of
a century, this report presents and explains the current technical requirements that
multi-storey residential buildings must achieve:
•
•
•
•

Safety in case of fire,
Safe and comfortable structure,
Healthy indoor climate and frugal heating,
Good acoustic.

Environmental aspects and construction praxis are also shortly developed. Even thought,
the list of requirements does not pretend to be exhaustively studied hereby. The choice
is also related to the timber structures specificities.
Five reference projects from 6 to 8 floors and built between 2006 and 2015 are presented
briefly and used as examples along the report. Different wood building systems and
technical solutions were used and illustrate the architectural and technical variability in
the timber building industry as well as the evolution of the building regulations. The
appendices to this report contain further information, drawings and pictures of these
reference buildings.
This report aims to bring some knowledge and practical ideas to people planning,
designing or producing taller timber buildings in Sweden. It should be mention that the
second part on safety in case of fire and the fifth part on acoustic require that the reader
has some basic knowledge on this technical fields.

RISE Research Institutes of Sweden
Report 2018:67
ISBN 978-91-88907-11-0
Borås, 2018

© RISE Research Institutes of Sweden

3

Sammanfattning
Svensk Teknisk Omvärldsbevakning av Höga Trähus
Användningen av trä i flervåningsbyggandet har ökat sedan mitten av 1990-talet och
förväntas fortsätta att växa i framtiden. De var då de svenska byggreglerna ändrades.
Från materialbaserade blev reglerna funktionell baserade. Innan dess, var användningen
av trä i hus högre än två våningar förbjudet av brandskyddsskäl. Nu när flera
flervåningsbyggnader har byggts under nästan en kvart sekel, presenteras och förklaras
i denna rapport de nuvarande tekniska kraven som högre flervåningshus ska uppnå:
•
•
•
•

Säkerhet vid brand,
Tillförlitlig och funktionell konstruktion,
Sunt inomhusklimat och sparsam uppvärmning,
Bra akustik.

Miljöaspekter, byggnads system och metoder beskrivs också kort. Listan av krav och
rubriker begränsas inom denna studie till de mest intressanta och kanske viktiga när trä
används specifikt som bärverket i en större byggnad.
Fem referensprojekt från 6 till 8 våningar och byggda mellan 2006 och 2015 presenteras
kortfattat och används som exempel längs rapporten. Olika träbyggnadssystem och
tekniska lösningar har använts och de illustrerar den arkitektoniska och tekniska
variationen i träbyggnadsindustrin samt utvecklingen av byggreglerna. I bilagor till
denna rapport finns ytterligare information, ritningarna och bilder om dessa
referensbyggnader.
Rapporten syftar till att ge kunskap och praktiska idéer till personer som planerar,
projekterar eller bygger högre trähus i Sverige. Det bör nämnas att det andra kapitlet om
säkerhet vid brand och det femte kapitlet om akustisk kräver att läsaren har viss
grundläggande kunskaper om dessa tekniska områden.
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1

Introduction

Sweden has a long tradition of single-family houses in wood. After many city-fires, a law
formally prohibited wooden buildings with more than two storeys by the end of the 19th
century. During more than one hundred years the techniques used to develop low-rise
buildings in wood were focused on the single-family market and resulted in an increased
industrialised production. Many Swedish house-manufacturers have been developing
the prefabrication for walls, floors, roof-elements or 3D-modules in order to shorten time
schedules on the construction site and to build all-year-round. In 1994, Boverket, the
National Board of Housing, Building and Planning adopted the European performancebased building rules and gave timber a chance to compete with other building materials.
Several projects of up to 5 - 6 storey houses were conducted by major contracting
companies directly after the introduction of the performance-based code. These projects
showed that there were some issues to improve, specifically: moisture resistance and
sound insulation. The multi-storey market started to develop slowly in the beginning of
the 2000’s and the forest industry together with the government invested in several
campaigns to increase the interest of timber in the construction sector e.g. Trästad 2012,
Träbyggnadskansliet as reported in [36]. A dozen of medium size cities joined this trend
and developed strategies for the coming projects. Växjö in the south and Skellefteå in the
north of Sweden are two of those cities with high ambitions.
TMF, the Swedish Federation of Wood and Furniture Industry, is following the market
growth of multi-family timber buildings since 2007 and every year publishes figures
together with Statistics Sweden, SCB. Even if the total amount of timber apartments
produced has increased since 2007, the timber share of new multi-storey buildings has
been quite constant for the same period and lies between 8 and 10 % of the total amount
of produced apartments.
In 2011 Boverket published BBR 18, the present construction code, which has been yearly
revised and completed. The current version from 2016 is also known as BBR 23 [1]. The
code centres on human health and safety in buildings and contains mandatory provisions
and general recommendations based on the performance-based Planning and Building
Act (PBL) and to the Planning and Building Ordinance (PBF). The BBR is often followed
as an official technical guideline setting the minimum practical requirements for a new
or modified building. The BBR’s provisions and general recommendations are also
performance based but in a more specific and detailed level than the act and the
ordinance and include some economical aspects.
The same technical aspects as the one in this report are considered in the BBR. Among
those aspects, the Swedish building code also gives recommendations of architectural
matters (such as accessibility, dwelling design, room height and utility rooms), on health
and on safety in use. These aspects are not studied here.
The five modern buildings described in this study have 6 to 8 storeys made of wood
construction products: CLT, LVL or glulam and were delivered between 2008 and 2015.
All of them are residential buildings and are shortly presented here.

© RISE Research Institutes of Sweden
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Limnologen – 8-storey CLT buildings
The houses are built in an area with very
poor ground conditions next to Lake
Trummen in Växjö. All the houses have
therefore piling as soil reinforcement. To
get a rigid base for the buildings the entire
bottom floor was made of concrete, even
the slabs for the floor above plan 1. All
other storeys have a structure of CLT
from Martinson's building system, both
bearing walls and floor slabs. Steel rods in
combination with cross-laminated panels
are used for the stabilization of the
houses. The houses got national rewards

like the Stora Samhällsbyggarpriset 2010
and even an international fame.

Figur 2:

Photo of Limnologen by Martinsons

Portvakten Söder – 8-Storey Passive houses in CLT

Figur 3:

Photo of Portvakten by Google

This project located close to Limnologen
is also built with the first floor in
concrete and Martinson's building
system (CLT) in the other floors. This
second-generation wall panels and
beams from Martinsons had a higher
degree of prefabrication and precision
than previous projects. A crane and four
construction workers assembled all the
elements in a short time. The entire
construction was completed in 11
months. The project is designed as a
passive house and the project included
training for builders of low-energy
technology.

Strandparken – 8-storey CLT buildings
This is a major project in wood, built
with CLT structure and with both the
façade and the roof made of cedar
shingles at Sundbyberg in the northern
part of Stockholm. The foundation and
the basement are made of reinforced
concrete and 8 storeys above are made
of CLT elements according to
Martinsons mass timber building
system. The top floor, at plan eight, is
smaller than the other floors. See also,
Figure 1 on the cover page.

© RISE Research Institutes of Sweden

Figur 4:

Photo of Strandparken by Google

Vallen– 8-Storey glulam beam-column building
The complex of Kv. Vallen Norra in
Växjö, has four residential buildings of
various sizes and shapes containing a
total of 71 apartments. Two buildings
dominate with 7 storeys of glulam frame
structure placed on two concrete floors,
the highest building is 9 storey high
above the ground. This timber building
system called Trä8-system has been
developed by Moelven Töreboda and
launched on the Swedish market in
2009. It is a glulam structural 3D-frame
system for multi-storey buildings which
provide an 8 m span between glulam
columns. The highest buildings at Kv.

Vallen Norra have a concrete stair-andlift shaft to stabilize against wind loads.

Figur 5:

Photo of Vallen by Moelven

Åsbovägen – 6-storey CLT buildings
Two 6-storey residential buildings with 44 apartments in total located in Fristad close to
Gothenburg. The structure is predominantly made of Austrian CLT-elements designed
and delivered by KLH Sweden. The lift shaft and the staircase are also made of CLT.
Some steel columns are used to carry the CLT floor slabs in the staircase. The façade and
the roof are covered with western red cedar shingles.

Figur 6:

Photo of Åsbovägen by P. Landel
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Safety in case of fire

In Sweden, the legislative reference that regulates the planning and building is Plan- och
Bygglagen (PBL). The municipalities are responsible for deciding if the level of fire
protection is suitable and this is basically done by complying to the Building Regulations
(BBR), issued by the National Board of Housing, Building and Planning. According to
the BBR, the fire protection of buildings shall be designed, developed and verified
through either simplified, which means here prescriptive, or analytical design.
In 2005, Lundberg reported in [18] that the average cost of fires in wooden multi-family
houses (buildings, structures and apartment separation walls of wood) is about 8% lower
per fire compared with fires in stone multi-family houses. Recently, another report [6]
by Eriksson, Nord & Östman funded by Träbyggnadskansliet studied the statistics from
the last decades and stated that the fire occurrence in timber multi-family houses was
much lower than the average occurrence. The number of timber buildings is, however,
much smaller than the number of buildings of other materials.

2.1

Classification of buildings

The Swedish regulations state that spaces in buildings shall, on the basis of the intended
occupancy, be divided into occupancy classes (Vk). The classification depends on the
extent to which people are knowledgeable about the building and its evacuation
procedures, if people can mainly evacuate on their own, if people can be expected to be
awake, and if there is an increased risk of fire occurring or where a fire can spread quickly
and extensively.
The same building can be divided into several occupancy classes with respect to fire
compartment separation.
Table 1 presents the different occupancy classes with examples of building use related to
activities that are of interest for this benchmarking study focusing on offices, dwellings
and hotels.
Table 1:

Occupancy classes of interest for the study

Occupancy
classes (Vk)

Example of building use

Specific information about the
residents

Vk1

Offices, industrial buildings and
warehouses

Residents are likely to have good
local knowledge and have the
ability evacuate without assistance
and are likely to be awake

Vk3

Residents are likely to have good
Dwellings in multi-dwelling blocks and
local knowledge and have the
single-family houses, sheltered housing,
ability to evacuate without
nursing homes, day care centres for
assistance and cannot be assumed
families and second homes and similar
to be awake

© RISE Research Institutes of Sweden
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Occupancy
classes (Vk)

Example of building use

Specific information about the
residents

Vk4

Hotels, hostels, bed and breakfasts, and
other types of temporary housing

Residents are not likely to have
good local knowledge, but can
make themselves safe and cannot
be assumed to be awake

Buildings are divided into four different building classes, Br, based on the need for
protection and shall be designed accordingly.
•
•
•
•

Class Br0: buildings with a very high need for protection,
Class Br1: buildings with a high need for protection,
Class Br2: buildings with a moderate need for protection,
Class Br3: buildings with a low need for protection.

In assessing the need for protection account shall be taken to a probable fire progress,
potential consequences of a fire and the complexity of the building. It mainly depends on
the size of the building and the maximal amount of people.
Table 2 presents the different building classes that are of interest for this benchmarking
study focusing on mid-rise and high-rise and, more generally, tall timber buildings.
Table 2:

Building classes of interest for the study

Building
classes (Br)

Br0

Building specifications

Example of building projects

Buildings with more than 16 storeys

No such building built with timber
structures in Sweden. Kulturhuset
at Skellefteå is, at this day, in
planning and will reach 19 storeys.

Buildings with three or more storeys
Br1

2.2

Buildings with two storeys designed for
occupancy class 4.

The five different reference
projects presented in this study.

Prescriptive design

Prescriptive design means that the builder meets the requirements through the solutions
and methods specified in the general recommendations in Sections 5:2-5:7 of BBR.
Considering mid- and high-rise buildings there are two important thresholds for the
prescriptive design of the fire safety of a building. The first is for buildings with more
than eight storeys and the second is for buildings with more than sixteen storeys. In 2017,
there are no timber buildings higher than eight storeys in Sweden.

© RISE Research Institutes of Sweden
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2.2.1 Combustibility and reaction to fire: floors, walls and
ceilings
Structural elements made of combustible material are not prohibited since 1994 but
function-based requirements have to be met. The Swedish BBR requires in a mandatory
provision that buildings and fixed installations shall be designed with adequate
protection against the outbreak of fire and states that the temperature on the surface of
adjacent structural elements and fixtures of combustible material may not be high
enough to ignite the material.
Concerning combustibility properties and reaction to fire of material, cladding and
surface finishes the “Euroclass” system is used and referred in the BBR. This European
classification system for the reaction to fire performance of building construction
products has been defined by the European commission Construction Products Directive
(CPD) 89/106 which gives the basic provisions for limitation of the generation and
spread of fire and smoke within the building, one of them being the limitation of the
building products contribution to a fully developed fire. According to [38], the CPD
89/106 sub-categorizes building products under, on one hand, ceiling and wall surface
linings and, on the other hand, flooring materials. Both sub-categories have classes A to
F, of which classes A1 and A2 are non-combustible products.
Materials with a fire resistance class lower than D-s2,d0 should be protected from fire
impact during the fire's early stage to ensure the same fire protection achieved by surface
finishes in fire resistance class D-s2,d0. For dwellings in occupancy class 3 and 4,
materials in structural elements should be protected by a lining in fire resistance class
K210/B-s1,d0. Examples of materials to be protected include combustible insulation,
sheet material or the like in a fire resistance class lower than D-s2,d0. Except for escape
routes and special premises, and in buildings in building class Br1, ceilings should have
surface finishes of fire resistance class B-s1,d0, attached to material of A2-s1,d0 or clad
in fire resistance class K210/B-s1,d0. Wall surfaces should have surface finishes of at least
fire resistance class C-s2,d0.
For smaller structural elements, the surface finish can be designed in a lower fire
resistance class, although at least fire resistance class D-s2,d0. Smaller structural
elements are consistent with structural elements whose total surrounding area is less
than 20 % of the connecting ceiling or wall. Examples of these smaller structural
elements could be door leaves, door and window frames, ceiling and floor mouldings,
and beams.

2.2.2

Resistance to fire of structural building parts

The Swedish document with the national annex to the Eurocode gives also information
about the resistance to fire for structural building parts. For a building in class Br1, it is
summarized in Table 3. For the choice of the fire load, see also part 2.2.6.

© RISE Research Institutes of Sweden
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Table 3:
Fire
safety
class
1
2

3

4

Fire safety and resistance of structural elements in a Br1 building
Examples of structural elements in a Br1
building
Certain structural elements in safety class 1, eaves
of buildings with up to four stories or non-load
bearing interior walls.
Balconies without common load bearing
elements.
Certain structural elements in safety class 2,
floors in buildings up to eight floors and certain
structural elements in safety class 3 in buildings
with a maximum of four storeys.
Certain structural elements in safety class 3 in
buildings with 5 or more storeys. Structural
elements belonging to the building’s main
structural system and are located below the top
basement level.

Fire resistance class at
fire load of ≤ 800 MJ/m2
0
R15

R30 (R15*)

R60

5
R90 (R60*)
* Upon installation of an automatic specific water sprinkler system.

The separating structures in buildings in class Br1 with offices, apartments or hotels
should be designed for at least a fire resistance of EI 60.

2.2.3

Escape route and evacuation in the event of fire

In general, spaces where people are present other than occasionally shall be designed
with access to at least two independent escape routes, unless the walking distance to an
escape route is not more than 30 m and the number of people in each fire compartment
does not exceed 50.
In a building of more than eight but not more than sixteen storeys, each dwelling and
premises shall be designed to have access to at least one Tr2 stairway. In a building with
more than sixteen storeys, each dwelling and premises shall be designed to have access
to at least one Tr1 stairway. Stairways Tr1 have higher fire safety requirements than Tr2.
Those specific requirements concern mainly the fire resistance class of their structure
and the doors and their connection to the outside.
In buildings of class Br1, ceiling surfaces and internal wall surfaces in escape routes
should have a surface finish of at least fire resistance class B-s1,d0. The surface finish
should be attached to the material in fire resistance class A2-s1,d0 or on cladding of at
least fire resistance class K210/B-s1,d0.
Flooring in escape routes in buildings in class Br1and in escape routes from places of
assembly in occupancy classes 2B and 2C, should be designed in at least class Cfl-s1.

© RISE Research Institutes of Sweden
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2.2.4

Exterior walls and fire spread

Exterior walls in buildings of class Br1 shall be designed to ensure:
1.
2.
3.
4.

the separation function is maintained between fire compartments,
fire spread inside the wall is limited,
the risk of fire spread along the façade surface is limited,
the risk of injury due to parts falling from the exterior wall is limited.

The BBR give the following general recommendations to the provision mentioned above:
Exterior wall constructions that, when tested in accordance with SS-EN 13501-2 with fire
effect (standard fire curve), comply with the requirements for separating function from
Table 3, meet the provision's requirements in point 1.
Exterior walls containing only material of at least class A2-s1,d0 or separated in such a
way that a fire inside the wall is prevented from spreading past the separating structure,
meet the provision's requirement in point 2 for protection against fire spread inside the
wall.
Exterior walls meet the provision´s requirements in point 3, when designed in at least
class A2-s1,d0. As an alternative, the requirements can be met by the exterior wall being
clad externally with materials in at least class D-s2,d2, and if any of the following
conditions are met:
•
•
•
•

the building has a maximum of two storeys,
the cladding, regardless of building height, only covers the building's ground
floor,
the building has a maximum of eight storeys and is fitted with automatic fire
suppression systems and the exterior wall in the ground floor is designed in
materials of at least A2-s1,d0,
the building has a maximum of eight storeys and combustible material of at least
class D-s2,d2 only covers a limited part of the façade surface.

Exterior walls should be designed so that the requirement in point 4 is met to ensure the
risk of falling structural elements, such as broken glass, small bits of plaster and the like
is limited.
Exterior wall constructions that pass the test in SP FIRE 105 issue 5 with the conditions
below, meet points 1, 2, 3 and 4 of the provision.
The SP FIRE 105 test of exterior walls for buildings with up to eight storeys have to show
that:
a) no major parts of the façade fall down, for example, large pieces of plaster, panels
or glass panes, which could cause danger to people evacuating or to rescue
personnel,
b) fire spread on the surface finish and inside the wall is limited to the bottom edge
of the window two floors above the fire room, and
c) no exterior flames occur which could ignite the eaves located above the window
two floors above the fire room. As an equivalent criterion, the gas temperature
just below the eaves must not exceed 500 °C for a continuous period longer than
2 minutes or 450 °C for a longer period than 10 minutes.
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For exterior walls in buildings with more than eight storeys, in addition to criteria a–c in
the test, the exterior wall must not increase the risk of fire spreading to another fire
compartment in a floor above the fire room. As an equivalent criterion when testing
according to SP FIRE 105 issue 5, the total heat flow into the façade in the centre of the
window in the storey above the fire room must not exceed 80 kW/m2.

2.2.5

Active protection

The use of active protection against fire is allowed in the Swedish building code and has
been emphasized with the development of multi-family houses made of wood.
If an automatic fire suppression system shall meet the requirements of more than two
provisions, analytical design shall be applied. For those activities for which there is a
requirement for an automatic fire suppression system in the provision, analytical design
of the suppression system shall meet requirements in more than one provision.
The reliability and capacity of residential sprinklers designed for dwellings in occupancy
classes Vk3 can be verified in accordance with SS 883001 and SS 883002 with sprinkler
systems as follows.
1. For buildings with up to two storeys, sprinkler system type 1 should be applied.
2. For buildings with up to eight storeys, sprinkler system type 2 should be applied.
3. For buildings with more than eight storeys, sprinkler system type 3 should be
applied.
If the fire cell is equipped with an automatic water sprinkler system or residential
sprinklers, the fire effects can be reduced as follow according to [1]:
a) outgoing radiation of table 8 in [1] can be reduced by 50% or
b) fire load can be reduced by 60% of its original value when designed according to
EN 1991-1-2.
Smoke ventilation can be applied, for example, to limit the accumulation of smoke and
its temperature and to improve the ability for search and rescue responses. Systems for
smoke ventilation can be verified in accordance with the standard series SS-EN 12101.
Fire design engineers uses guidelines to verify the fire safety when sprinkler systems are
installed in a building. The guidelines give answers and solutions that have been studied
in more general context and verified by analytical designs, see [21], [22] and [37].

2.2.6

Fire load

Fire load is determined based on the total amount of energy that can be burned in a full
fire progress in relation to the floor area for the space in question.
The design value for the fire load shall be the value included in 80 % of the observed
values in representative statistical material (BFS 2011:26).
The fire load should be calculated according to [3]: Boverket´s Handbok om
Brandbelastning (BBRBE), where generic values are tabulated for different types of
© RISE Research Institutes of Sweden
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buildings and uses. The space should correspond to a fire compartment. Buildings with
occupancy classes Vk1 (office), Vk3 (residential) and Vk4 (hotel) can be assigned a fire
load of maximum 800 MJ/m2.

2.3

Performance and fire safety engineering

Analytical design means that the client/owner meets one or more of the provisions in the
section for fire safety in the BBR through a way other than simplified design.
Fire protection in buildings in building class Br0 shall be verified with analytical design
and it should be performed in the manner shown in [1]: Boverket´s general
recommendations on analytical design of a building's fire protection (BBRAD).

2.3.1

Security goals

Verification of the building's fire protection shall be performed through
•
•
•

qualitative assessment,
scenario analysis,
quantitative risk analysis,

or equivalent methods. The methods can also be combined.
The verification method shall be chosen for the specific object in view of the complexity
of the fire protection.
A qualitative assessment may be used as a verification method if the deviations from the
simplified design are limited. The same applies if the impact of the design on fire safety
is well known and if the design satisfies the provisions with a large safety margin.
The building's design is verified against the functional requirements stipulated in the
BBR. Fire protection of the building should be evaluated in an overall assessment based
on the building's risk picture. The criteria given in the mandatory provision for
prescriptive design can provide the level of what is adequate fire safety.
In Sweden, only visionary concepts or planned timber buildings has been verified by
analytical design methods. But in the different timber projects the design teams have
been willing to use performance-based fire safety design to test different design
alternatives or architectural solutions.

2.3.2 Performance requirements (thermal flux, max.
temperature…)
The following aspects are covered during an analytical design:
1. Escape in case of fire: based on a comparison between the time of the evacuation
and the time until critical impact occurs.
© RISE Research Institutes of Sweden
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2. Protection against fire and gas spread within the building: the maximum
temperature and the maximum levels of emissions in the non-fire exposed side
(opposite side) cannot be higher than the acceptable level for all relevant
scenarios.
3. Protection against fire spread between buildings: the maximum radiation levels
on the exposed building cannot exceed the acceptable level, for all the scenarios.

2.3.3

Fire scenarios

Verification with scenario analysis should assume that the building's fire protection is
subjected to one or more scenarios. Selection of scenarios should be based on risk
identification with regard to the conditions and the strain itself may vary. Required fire
scenarios should be identified and justified so that they form a plausible worst case. For
all design scenarios exposure should be acceptable.
Special consideration should be given to the following aspects if:
•
•
•
•

2.3.4

external firefighting cannot be implemented,
internal rescue operation is complex,
the expected consequence is very large,
the evacuation process can be fraught with difficulty.

Evaluation methods and tools

Analytical design is generally performed in the manner shown in Boverket´s general
recommendations on analytical design of a building's fire protection (BBRAD), [1].
Other Swedish guidelines are used to perform part of analytical designs more effectively
during the planning stage, e.g. [22] specifically in the case of timber buildings with
residential sprinklers and [21] in the case of generally sprinkled buildings.

2.4 Fire safety in the Swedish reference
buildings
Limnologen
The Limnologen complex is classified in class Br 1 since the buildings are higher than
three storeys. They are equipped with residential sprinklers. This was not needed
according to the Swedish legislation, but it has made it possible to use designs that would
otherwise not have been possible. The sprinklers made it possible to include some
technical changes compared to the BBR:
•
•
•

the façade to the south is clad with wood,
the wooden surface of the CLT-slabs of the balconies is visible from below,
the vertical distance between the windows on the north-west façade has been
minimised.
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In the stairways some glulam beams are exposed without any fire protection covering,
but the CLT slabs are not visible and covered underneath with wood chip panels bonded
with cement (classified as K210/B-s1,d0).
Each apartment is a separate fire cell and is designed in class EI60, the only exception
being a pram storage room on the first floor which is classified as EI30.

Strandparken:
Residential sprinkler system made it possible to have a combustible wood façade of
shingle: Western Red Cedar delivered by Moelven and coming from Canada. The lowest
part of the façade (around one storey high) and the roof are covered with fire retardant
treated shingles. The rest of the facade is clad with untreated wooden shingles from the
second floor up to the roof. This design solution follows the latest BBR requiring that:
•
•

the exterior wall of the ground floor to be cladded with materials of at least A2s1,d0 according to 2.2.4 and
the roof coverings to be designed with materials of class A2-s1,d0 in order to
ensure ignition is made difficult, fire spread is restricted and that they only give
a limited contribution to a fire.

Åsbovägen:
Residential sprinkler system of type 2 according to SBF 501:1 allowed the following
“technical changes” compared to the general recommendation in the older BBR 18 (BFS
2011:6):
•
•
•
•

facades allowed to be combustible, even the lower part down to the ground,
some deviations accepted regarding interior finishes in the apartments with
visible and unprotected CLT-walls,
emergency response possibilities,
calculation with a smaller surface of fire gas ventilation.

The stairways are built without sprinklers.
As several alternative design solutions have been used a fire safety engineering study
were performed. The analysis showed that, despite some deviations, the global fire
protection for the buildings will not be worse than if all the requirements in the BBR
chapter 5 on fire safety were met.

Vallen:
Plaster boards were used as ceiling and wall cover on all internal surfaces which fulfils
the requirements from BBR. The glulam elements are protected but also designed to
achieve at least R30 fire resistance class from the natural charring of wood.
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3

Load bearing structure

The national standard implementing the Eurocode in Sweden is written by Boverket and
is called EKS (Europeiska konstruktionsstandarder). It states the mandatory provisions
often followed by general recommendations, similarly to BBR, and gives information
about the Nationally Determined Parameter or alternative design methods. In general,
the EKS follows the Eurocodes relatively well with small exceptions in especially the load
part. The EKS 10 has been translated in English and published by Boverket, see [5].

3.1

Actions

3.1.1

Seismic

Boverket has not made any national choices for the Eurocode 8 on the design of structure
for earthquake because Sweden does not lie along any continental crack. The risk for
seismic damage of buildings is therefore very low and there are no requirements
concerning limitation of earthquake actions for usual buildings.

3.1.2

Wind

The calculation and the repartition of the wind pressure according to the Swedish EKS
differs partially from the Eurocode, specifically concerning the dynamical wind aspects
on buildings. Most of the nationally determined parameters are based on a previous
building code called Boverkets handbook om Snö- och vindlast (BSV 97).

Stabilisation at Limnologen
In order to handle the lift-up as a result of wind loading, 48 tie rods in steel have been
mounted in every building at Limnologen. These tension rods are anchored in the
concrete of the first floor and extend all the way up to the top floor – inside the walls. In
this way the force is transferred between the storeys and down to the foundation. This
design means that load transferring connectors between the wall elements are not
needed. The tension rods must be re-tightened after some time due to relaxation in the
steel, creep deformations in the wood and due to possible drying of the wood.

Stabilisation at Vallen
The wind pressure on the façade of Vallen is handled by the LVL hollow floor elements
that act as shear diaphragms. On each storey the floors are connected to the concrete
shafts to transfer the wind loads to the ground. On each plan, structural disconnections
are designed between LVL hollow floor elements for acoustical purposes. The
disconnections are located at the intersection between the floor and the apartment
separating timber frame walls.
© RISE Research Institutes of Sweden
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3.1.3

Snow

The ψ-factors for snow load combinations are not dependent on altitude but on range of
the snow load on the ground, see table B-1 from EKS 10, [5].

3.1.4

Other

For the ultimate limit state design using the partial factor method of SS-EN 1990 to SSEN 1999, the reliability class for a structural element (a beam or a column) is taken into
consideration by using the partial factor γd as follows:
a) Reliability class 1(low), minor risk of serious personal injury: γd = 0.83
b) Reliability class 2 (normal), some risk of serious personal injury: γd = 0.91
c) Reliability class 3 (high), major risk of serious personal injury: γd = 1.0
Reliability class 3 shall be used for all main structural elements. Use of the specified
reliability indexes in reliability classes 2 and 3 requires, as a precondition, a specific
design inspection.

3.2

Dynamic analysis

3.2.1

Global building

The vibrations induced by wind on tall buildings should be limited. Either the deflection
and/or the standard deviation of the acceleration on the top should be calculated.
According to the Swedish building code the sway produced by a 5-year return period
wind should be restricted by the standard deviation of the acceleration according to ISO
6897:1985 for buildings with natural frequencies between 0.063 and 1 Hz and with
simple shape and uniform mass distribution. The Swedish EKS also gives an alternative
calculation method to determine the acceleration at the level of z:
𝜎𝜎ẍ (𝑧𝑧) =

3.𝐼𝐼𝑣𝑣 (ℎ).𝑅𝑅.𝑞𝑞𝑚𝑚 (ℎ).𝑏𝑏.𝑐𝑐𝑓𝑓 .𝛷𝛷1,𝑥𝑥 (𝑧𝑧)

Limnologen

𝑚𝑚

see EKS 10 in English, page 52 [5].

The vibrations on the top of one building at Limnologen have been measured during an
ambient vibration test, i.e. an output-only experiment with accelerometers to determine
the modal properties. The Table 4 presents the natural first three frequencies and
damping values associated at a specific position on the top of the building, according to
[24].
Table 4:

Measured natural frequencies and damping values for Limnologen
Mode number
1
2
3

Frequency (Hz)
2.28
2.48
3.5
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Damping (% of critical)
2.3
1.0
3.1
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3.2.2

Comfort vibration of floors

For Swedish conditions, the following dynamical threshold values may be applied for a
floor with a first natural frequency of at least 8 Hz: a = 1.5 mm/kN and b = 100 m/Ns2.
This minimum values from Boverket are known to give an unacceptable comfort but
there are no other national guidelines or recommendations that set an adequate and
better comfort level. Therefore, it is often the wood building system suppliers who define
suitable vibration properties and recommend floors stiffness.

Limnologen
For Limnologen the design calculation was done using the previous Swedish code:
Boverkets handbook Svängningar, deformationspåverkan och olyckslast which has
some similarities with the requirements in the Eurocode. Several tests have been
performed both to assess the dynamical performance of the floor, by ÅF Ingemansson
AB and R&D studies from Växjö University. The tests showed satisfactory results
compared to both Eurocode and Boverkets level.

3.3 Overview of the structure of the Swedish
reference buildings
Limnologen
The load bearing structure in Limnologen consists of CLT-elements (Cross Laminated
Timber), delivered by the company Martinsons Byggsystem. The CLT is used in both
walls and floors. In addition, double prefabricated timber framed walls are used in some
walls (those separating apartments). The bottom storey is made of concrete; mainly due
to the increased self-weight thus facilitating anchoring of the storeys above. The
relatively complex geometry of the Limnologen buildings means that it is far from
optimal for the building system used. Since also inner walls are used for stabilisation, but
at the same time an open floor plan is desired – it was of utmost importance that the
dialogue between the architect and the structural engineers worked well. All exterior
walls are parts of the load bearing system. Some of the vertical loads are also taken by
interior walls. The stabilising system consists of the exterior walls, the floors and the
apartment-separating walls. The horizontal loads are transferred by the floors acting as
stiff plates – to the top of the walls. In some parts of the buildings, glulam columns and
beams have been used to supplement the load bearing system in order to reduce the
deformations.
The timber structure had a moisture content around 15 % at the erection which after
some years decreased and varies around 8 % MC. The drying out of wood has resulted in
a shrinkage of the 7 CLT-storey of about 23 mm. Monitoring equipment with sensors
have been installed within the insulation on the outside of the CLT wall of one façade to
capture in detail the historic of the vertical displacement and the climate conditions. The
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results have been analysed and presented by Serrano 2010 in [26] and 2014 in [27] as
well as the temperature and the relative humidity at the same place.

Strandparken
The project consists of two eight-storey residential buildings. They are designed in CLT
provided by Martinsons. The system makes use of a concrete foundation and then all of
the walls, floors, roof and lift shafts are made of CLT panels connected with bolts. There
are tension steel rods connecting the perimeter walls from foundation to the top of the
building. For stability against wind loads, the idea of coupled shear walls has been
implemented and to this day, no unacceptable deformations have occurred and there
have been no complaints from the inhabitants with regards to vibrations etc. For the
exterior walls in Strandparken, the CLT plates are 120 mm thick. Load bearing interior
walls have 170 mm CLT. The floor plates are 70 mm and 170 mm thick respectively,
depending on the floor span. However, the floor structure of the Martinsons system
contributes to the stiffness and the floor spans are not possible with CLT alone. For the
lift shaft, 120 mm CLT was used and as an extra separation from the apartments, a timber
stud wall was built on the outside of the shaft, mainly for acoustic reasons [32].

Vallen
The buildings at Vallen Norra have a glulam structure rising up to 7 storeys above a 2storey high concrete podium. The glulam beams span up to 5.7 m from one column to
another, i.e. single spans. The glulam columns are continuous from the concrete podium
to the top of the house, some columns are almost 23 m long, see Figure 7. The floor hollow
box-structure is made of LVL beams and LVL boards filled up with insulation material
and covered with plasterboard. On site, a concrete screed of about 40 mm is covering the
timber floor elements that span between glulam beams up to 6.2 m.
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Figur 7:
Assembly of the glulam structure, Kv. Vallen Norra, Växjö – Photo by Moelven
Töreboda

4

Envelope

4.1

Moisture and indoor air quality

The reaction of wood products to moisture and water have a great impact on the basic
requirement on hygiene, health and the environment. The building envelope, facade and
roof especially, is exposed to water in different forms. Wind and differences in air
pressure have to be considered in the designing process and also the way building
elements and materials are stored and handled at the manufacturer, during
transportation and at the building site.
The Swedish Building regulation part concerning hygiene, health and the environment,
recommend that a moisture safety designing process is considered at all stages. The
processes that are of importance for future moisture control should be documented. A
critical moisture level is defined as the moisture level when a material’s intended
properties and functions are no longer met. For microbial impact, the level of moisture
is critical when growth occurs. Factors of importance for biological growth, such as
temperature, duration and their interaction can be included in the determination of the
critical moisture level. If the critical moisture level is not identified or tested, a level of
relative humidity (RH) of 75 % shall be used as the critical moisture level.
More information about weather protection system can be found in part 7.2.
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4.2

Heating and building energy consumption

The Swedish requirements for buildings with
heating temperature above 10 ºC are divided in
two main groups: heating through electricity and
heating through another source than electricity.
In considerations to heating Sweden is
geographically divided in four climate-regions,
see Figure 8. Specific values are settled for
different types of single-family houses, multifamily houses and other types of premises.
In Sweden lighting or energy consumption for
household energy is not included in the
calculations, but energy used for cooling should
be considered. The coefficient of thermal
transmittance is calculated according to EN ISO
13789.
To fulfil the general requirement from the BBR
2015 on the restriction of the use of energy in
buildings, following parameters are usually
limited:
•
•
•
•

the specific energy consumption in
kWh/m2Atemp and year, see requirements
in Table 5,
the installed electric power rating for
heating, see requirements in Table 5,
the building envelope's average air leak in
l/s/m2 at +/- 50 Pa pressure differences
and
the average thermal transmittance of the
building envelope (Um) in W/m2/K.
Figur 8:

Swedish map with the climate-regions

Disregarding their geographical position, multi-storey buildings with a heated area
higher than 50 m2 and containing dwellings, respectively offices, should have an average
thermal transmittance of the building envelope equal to or below 0.40 W/m2/K,
respectively 0.60 W/m2/K. The building envelope's average air leak shall, for both
dwellings and offices, be sufficiently low so that the requirements for the building’s
specific energy use and installed power rating for heating are met.
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Table 5:
Maximal specific energy consumption in kWh/m2Atemp and year and maximal
installed electric power rating for heating in kW between brackets.
Climate-region
I
Heating source

el

II

III

other el

other el

IV
other el

other

Multi-family house 85 (5.5) 115

65 (5) 100

50 (4.5) 80

45 (4.5) 75

Office building…

65 (5) 90

50 (4.5) 70

45 (4.5) 65

85 (5.5) 105

The requirement levels on the maximal specific energy consumption according to the
Swedish BBR have changed three times during the last decade. For example, new multifamily houses with other heating source than electricity in the climate-region III
(“south”) have seen following changes in the requirements:
•
•
•

2006: max. 110 kWh/m2Atemp and year,
2011: max. 90 kWh/m2Atemp and year,
2015: max. 80 kWh/m2Atemp and year.

This is one of several necessary developments to contribute to the EPBD directive that
all new buildings in the EU Member States shall be nearly zero-energy buildings by the
end of 2020.

Portvakten
The block of Portvakten Söder in Växjö, with its two buildings and 64 apartments, is the
highest timber passive house project in Sweden. The building products and material used
have high thermal characteristics, the thermal transmittance of the different building
parts of the building envelope are presented in Table 6. During the construction of
Portvakten Söder, a drain heat exchanger was installed, to recover heat from waste water.
An energy monitoring of Portvakten Söder is reported in the thesis [10] from Imsirovic
and Alajbegovic (2013), when the houses are fully occupied. Results show that
Portvakten Söder fulfils, by good margin, the BBR 2012 requirement (90 kWh/m2Atemp)
and recommendation for passive houses (< 50 kWh/m2Atemp). Also, the measured energy
used is 8 kWh/m2Atemp lower than the design values. Result from Blower-door test
measurement showed air leakage of 0.19 l/s/m2 at +/- 50 Pa pressure differences.
Table 6:

Thermal transmittance of building parts at Portvakten Söder
Building part

Um in W/m2/K

Windows

0.9 – 1.0

Outside wall

0.10

Roof

0.08

Ground

0.09
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Furthermore, a measuring system with displayer showing individual information about
the energy consumption for heating, hot water and other electricity used are installed in
each apartment. Mahapatra and Olsson [20] made a survey 2015 which showed that
more than 90% of the tenants were satisfied with their apartments and took several
measures to reduce electricity and hot water use. This suggests that wood-framed multistory residential buildings built with the passive house standard have good market
potential.

Strandparken:
The buildings are designed to have outside walls with a thermal transmittance of Uwall =
0.16 W/m2K and has been calculated by Tyréns with a heating energy consumption of 75
kWh/m2Atemp yearly, according to [19].

5

Acoustic

The provision for acoustic in the building code is met if the sound insulation fulfils the
requirements in accordance to sound class C defined by SS 25267 for dwellings, and SS
25268 for premises such as offices and hotels. In the latest BBR (BFS 2016:6) the
minimum requirements for dwellings are now directly written in the building code. If
better sound conditions are required, sound class A or B may be selected. Building
acoustic documentation for dwellings can be designed in accordance with SS-EN 12354
and the Swedish guideline Bullerskydd i bostäder och lokaler, [4]. Definitions of sound
pressures or levels follow SS-EN ISO 16032:2004.
The disturbance from sound at low frequencies has been in focus for a long time in
Sweden and several sound insulation characteristics must be fulfilled down to 50 Hz.
Recent R&D projects (AkuLite, AcuWood and Silent Timber Build) have pointed out this
aspect specifically for light weight construction, mainly for impact sound insulation of
floors, and even at lower frequencies than 50 Hz.
The research outcome is that the measuring frequency range of 50 – 3150 Hz and the
weighting method according to the standard of impact sound measurements at that time
were not sufficient for timber buildings. By extending the frequency range down to 20
Hz, it was shown that the impact sound correlation to subjective ratings could be
improved significantly. This resulted in a revision of the Swedish sound class rating /
requirement standard SS 25267:2015, which now gives the recommendation to include
the extended range for the highest sound classes A and B. The measurement method used
for the SS 25267:2015 rating is ISO 16283-2:2015 and has replaced the ISO 140-7
standard for measurement of impact sound. Olsson noted also recently in [23] that this
new standard describes the measurement procedure for the frequency range 50 – 5000
Hz, i.e. the lowest frequency is a bit higher than 20 Hz.

© RISE Research Institutes of Sweden

27

5.1

External airborne sound insulation

Requirements for indoor noise from traffic and other external sources of interference are
dealt with by converting the requirement for sound pressure level in a requirement for
façade insulation, based on a pre-set outside noise near the facade. The required sound
insulations of interest are presented in Table 7. Dimensioning sound pressure levels
outside from traffic and other permanent sound sources are determined by calculation
or measurement.
Table 7:

Requirements for external airborne sound insulation

Specific
external
airborne sound
insulation
Equivalent Aweighted sound
level

The maximum Aweighted sound
pressure level with
time weighting F

5.2

Requirements for
dwellings acc. to
BBR 2016

Requirements for
offices acc. to SS
25268

Requirements for
hotels acc. to SS
25268

Room for sleep, rest or
daily activities
LpAeq,nT ≤ 30 dB

Conference room
LpA,eq ≤ 30 dB

Guest room
LpAeq ≤ 30 dB

Individual room
LpA,eq ≤ 35 dB

Bathroom
LpAeq ≤ 40 dB

Kitchen and bathroom
LpAeq,nT ≤ 35 dB
Room for sleep, rest or
daily activities
LpAFmax,nT ≤ 45 dB

Conference room
LpAFmax ≤ 45 dB
Individual room
LpAFmax ≤ 50 dB

Guest room
LpAFmax ≤ 45 dB

Internal airborne sound insulation

The requirements for airborne sound insulation in dwellings are reported as weighted
standard sound level difference by spectrum adaptation term 100 Hz - 3150 Hz, DnT,w,100,
or the weighted standard sound level difference by spectrum adaptation term 50 Hz 3150 Hz, DnT,w,50. For other types of premises the reduction index R’w is normally used.
Some interesting requirements are presented in Table 8. When determining the
reduction value of the building, the separation area is always set to at least 10 m2.
Table 8:

Requirements for internal airborne sound insulation
Requirements for
dwellings acc. to
BBR 2016

Requirements for
offices acc. to SS
25268

From outside to
the main living
space, in general

DnT,w,50 ≥ 52 dB
(DnT,w,100 ≥ 52 dB for
elderly housing)

R’w ≥ 35 dB

Noise or spaces
with specific
requirements

From business
activities or common
garage to dwelling
DnT,w,50 ≥ 56 dB

To room with
moderate/high
confidentiality or
privacy
R’w ≥ 44/48 dB
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Requirements for
hotels acc. to SS
25268
From corridor
R’w ≥ 40 dB
From other
R’w ≥ 52 dB
To room with
moderate
confidentiality or
privacy
R’w ≥ 44 dB
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5.3

Impact sound insulation

Impact sound level, LnT, is a measure of a building's ability to insulate a space to structure
borne noise from another room or outside in accordance with EN ISO 140-7. It is
standardized to 0.5 sec reverberation time.
For dwellings, the requirements for sound class C for impact sound insulation are
reported as weighted standardized impact sound level with the spectrum adaptation
term for 50 Hz - 2500 Hz. It is written as LnT,w,50 and is similar to L'nT, w + CI, 20-2500. For
higher performance, sound class A or B, the standard SS 25267:2015 recommends to
include the lower frequencies and to use the spectrum adaptation term for the band 20
Hz - 2500 Hz. The weighted standardized impact sound level is then noted L'nT, w + CI, 202500. For offices and hotels, the spectrum adaptation term CI, 20-2500 is used only for the
higher sound classes A and B.
Table 9:

Requirements for impact sound insulation
Requirements for
dwellings acc. to
BBR 2016

From outside to
the main living
space, in general

Noise or spaces
with specific
requirements

5.4

LnT,w,50 ≤ 56 dB
(LnT,w,50 ≤ 62 dB for
elderly housing)

From business
activities or common
garage to dwelling
LnT,w,50 ≤ 52 dB

Requirements for
offices acc. to SS
25268
No requirements for
individual room
For conference room
L’nT,w ≤ 60 dB
From place with high
impact sound loading:
For individual room
L’nT,w ≤ 68 dB
For conference room
L’nT,w ≤ 56 dB

Requirements for
hotels acc. to SS
25268
Guest room
L’nT,w ≤ 60 dB

From place with
high impact sound
loading:
Guest room
L’nT,w ≤ 56 dB

Reverberation time

Reverberation time is the time it takes for the sound pressure level in a room to drop 60
dB after a sound source is turned off, evaluated between -5 dB and -25 dB, T20.
Table 10:

Requirements for reverberation time
Requirements for
dwellings acc. to BBR
2016

Specific
reverberation
time

No requirements for
dwellings
Stair case T20 ≤ 1.5 s
Corridor T20 ≤ 1.0 s
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Requirements for
offices acc. to SS
25268
For individual room
T20 ≤ 0.6 s
Working place for less
than 20 persons
T20 ≤ 0.5 s
Working place for
more than 20 persons

Requirements for
hotels acc. to SS
25268
Guest room
T20 ≤ 0.8 s
Stair case T20 ≤ 1.5 s
Corridor T20 ≤ 0.8 s
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Requirements for
dwellings acc. to BBR
2016

Requirements for
offices acc. to SS
25268
T20 ≤ 0.4 s

Requirements for
hotels acc. to SS
25268

For conference room
T20 ≤ 0.6 s

5.5

Noise from equipment and installations

5.5.1 Internal: lift, ventilation, washing-machine, sewage
disposal…
Requirements for the sound pressure level of the installations are reported in Table 11 as
standardized A-weighted equivalent, C-weighted equivalent and, for dwellings,
maximum sound levels. Requirements values of noise from installations in dwellings are
divided into continuous / wideband sound and variable impulses or tones.
If noise from installations in offices and hotels contains frequent impulses or audible
tones, the requirement value of the A-weighted equivalent sound pressure level of the
Table 11 should be reduced by 5 dB.
Table 11:

Requirements for the sound pressure level of the installations

Continuous
noise, ex.
ventilation,
heating

Impulse and
variable noise,
ex. lift, sewage

Requirements for
dwellings acc. to BBR
2016
Room for sleep or rest
LpAeq,nT ≤ 30 dB,
LpCeq ≤ 50 dB and
LpAFmax,nT ≤ 25 dB
Kitchen and bathroom
LpAeq,nT ≤ 35 dB
LpAFmax,nT ≤ 40 dB
Room for sleep, rest or
daily activities
LpAeq,nT ≤ 25 dB and
LpAFmax,nT ≤ 35 dB
Kitchen and bathroom
LpAeq,nT ≤ 30 dB and
LpAFmax,nT ≤ 40 dB
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Requirements for
offices acc. to SS
25268
Conference room
LpA ≤ 30 dB and
LpC ≤ 50 dB
Individual room
LpA ≤ 35 dB and
LpC ≤ 55 dB

Requirements for
hotels acc. to SS
25268
Guest room
LpA ≤ 30 dB and
LpC ≤ 50 dB
Bathroom
LpA ≤ 40 dB

30

5.5.2 External: heat pump, air handling unit, rainwater
evacuation…
Noise from external equipment are usually assimilated to external airborne sound in the
Swedish building rules unless they are disconnected to the building. Requirements
should then follow part 5.1.

5.6 Acoustic in the Swedish reference
buildings
The different floors from the reference projects are detailed in Table 12 and the acoustical
characteristics, designed or measured are also presented.
Table 12:

Acoustical characteristic of the floor of the reference buildings

Project
name

Build-up, drawing
detail

Limnologen,
Portvakten
and
Strandparken
have almost
exactly
the
same floor

Åsbovägen
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Build-up, description
(thickness in mm)
14 parquet
3 foam membrane
73 CLT 3-layer with floor
heating pipes
42x220 glulam s 600
56x180 glulam horiz.
(170 insulation)
45x195 timber joist
70 insulation
28x70 battens
2x13 plaster board
14 parquet or plastic
flooring
30 light concrete screed*
22 chipboards
220 mineral wool for
sound isolation + 60 layer
of ballast (1600 kg/m3)
12 elastomer (Sylomer) +
270x56 glulam beams
s600
117 CLT 5-layer
45x45 wooden battens
s400
(30 insulation)
25 steel acoustical profil
s400
13 plaster boards

Acoustic
information,
calculated or
measured.

Design acc. to
sound class B,
vertical sound
insulation achieved
with small margin
by testing in situ at
Limnologen.

Design acc. to
sound class C
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Project
name

Build-up, drawing
detail

Build-up, description
(thickness in mm)

Acoustic
information,
calculated or
measured.

14 parquet
40 concrete screed
17 step sound board
375 Trä8-floor with LVL Design
acc.
Vallen
and insulation
sound class B
25 sound steel profile
13 plaster board
15 fire plaster board
* instead of 2 pcs. 13 mm plaster board acc. to design drawings for economic reasons

to

Limnologen
Already at the very early stages did the property developer put forward the demand that
at least sound insulation class B should be achieved, according to Serrano in [25]. (Class
B means R’w + C50–3150 ≥ 57 dB and L’n,w / L’n,w + Ci,50–2500 ≤ 52 dB). The larger apartments
(i.e. those having more than two rooms+kitchen) have one room that is especially sound
insulated, the master bedroom. The bathrooms are also especially sound insulated.
Martinsons had some experience with the current building system from a previous
project in Sundsvall called Inre Hamnen.
In the Limnologen project it was shown that the acoustic requirements were well fulfilled
according to sound test in situ performed by the acoustic consultant ÅF Ingemansson
AB. The walls are not continuous across storeys in order to reduce the flanking
transmission and the floor slabs are discontinuous. Polyurethane stripes from Getzner,
Sylomer and Sylodyn, are used between the walls and the flange of the floor elements.
The screws and washers used to connect the floor and wall elements are also fitted with
Sylomer washers to reduce the sound transmission. Figure 9 shows an example of a
connection used in Limnologen. Note that both the wall and the floor elements are discontinuous through the joint area. Figure 9 also shows a tie rod, which is part of the
stabilising system as mentioned above. The CLT-floors are prefabricated with T-shaped
glulam ribs and delivered with a ceiling frame structure in one single packet. When the
floor element is placed and fixed on the top of the CLT walls with Sylomer in between,
then some screws are removed underneath so that the ceiling frame structure with 70
mm insulation fall down 10-20 mm. The result is a total disconnection between the floor
and the ceiling which improve the vertical sound insulation. Measurements have been
performed within the AkuLite project and presented in the report [13] by Jarnerö and
Olsson.
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Polyurethane/elastom
er stripes

Figur 9:

Vertical detail with floor-wall connection from Limnologen project

Portvakten
Portvakten have generally the same structure as Limnologen. The two CLT-buildings at
Portvakten Söder uses Sylomer strips in the support of the load bearing floor structure.
The ceilings are disconnected from the load-bearing floor structure. Measurements have
been performed within the AkuLite project and presented in the report [28] by Sjökvist.
The results show different performance depending which rooms the measurement was
conducted in. The insulation in the bedrooms are following the class B requirements
(means R’w + C50–3150 ≥ 57 dB and L’n,w / L’n,w + Ci,50–2500 ≤ 52 dB). The other rooms as the
kitchen or the living-room have insulation level equivalent to sound class C (means R’w
+ C50–3150 ≥ 52 dB and L’n,w / L’n,w + Ci,50–2500 ≤ 56 dB).

Strandparken
Strandparken have also in general a structure similar to Limnologen using Sylomer and
disconnected ceilings. The building was designed for sound class B.

Vallen
No elastomer strips were used and the building was designed for sound class B according
to Moelven. No sound complaints and measurements published up to date.

Åsbovägen
The following solutions have been used to provide good acoustic in the houses: different
quality (colour) and width of elastomer strips and plates, wind load brackets with 10 mm
gap, see Figure 10 and disconnected CLT-floors and CLT-walls between apartments in a
© RISE Research Institutes of Sweden
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same plan. The buildings were designed for sound class C and fulfilled the requirements
according to test performed in situ. Moreover, vibration modal measurements were
performed on site and compared to Finite Element models, see [34] and [35].

Figur 10: Vertical detail from Åsbovägen with the connection between the outside wall and the
floor

6

Environment

6.1

Forest resources

6.1.1

Resource management: PEFC/FSC

The main producers of wood-based building products in Sweden, Martinsons and
Moelven, works with both PEFC and FSC-certification.

6.1.2

Wood production quality

The raw material for the Swedish glulam and CLT industry is mainly coming from local
Swedish spruce forests. More than half of the CLT-volume used in Sweden in 2017 comes
from abroad, mainly from Austrian manufacturers.
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6.2

Product assessment

The environmental values and properties of building products are commonly assessed
by a product declaration and there are mainly two types used in the Swedish building
sector.
The construction product declaration type, now known as eBVD2015 in Sweden, is
established by the manufacturer itself without third-part control. The eBVD2015 system
represents a combined and agreed basis on which to provide information on the
environmental aspects of the construction product in different phases of its life cycle and
the properties. The purpose of the information is to prioritize the selection of
construction products from the environmental point of view and to make it easier to
document mounted construction products for subsequent operation and administration.
Both Martinsons and Moelven have construction product declarations for their timber
products following the previous system: BVD 3.
The second product declaration type is environment product declaration (EPD) and is
controlled by a third-part. EPD for building products are not yet common in Sweden but
the interest is increasing for this certification. Martinsons Såg has one for CLT or KL-tre
in Norwegian, issued in 2015 (nr. NEPD-345-236-EN) and Moelven Töreboda has one
for glulam beams and pillars issued in 2016 (nr. NEPD-456-318-EN).
Another Swedish product assessment: P-mark for building products follows Boverkets
provisions and general recommendation. It is a Swedish certification system delivered
by RISE (formerly SP) and developed according to national requirements. A P-marked
product has often been tested and evaluated by a third-part controller and the production
process can regularly be inspected.

Figur 11:

Example of Swedish P-mark for building products

6.3

Building assessment

6.3.1

Regulation

The Swedish building code gives lots of provision and recommendations about building
product properties and internal environment in the building to provide healthy
residents, safety buildings and to avoid negative impact on the local environment. The
global environmental aspects are not regulated by the code and the government together
with the building authority are looking in to implement strategies and provisions to
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decrease negative environmental impacts from material and energy uses from the
building industry.

6.3.2

Building certification with green building in focus

“Miljöbyggnad certifiering” (Green Building certification in English) is developed for
Swedish conditions and is the most widespread certification system for buildings in
Sweden. It can be used for both new and existing buildings, regardless of size.
“Miljöbyggnad” gives a receipt for important qualities such as energy, indoor
environment and materials. A building can achieve the grade bronze, silver or gold.
Beside this national environmental certification there are also some other foreign
certification systems used such as: Green Building, LEED and BREAM ; and some more
specific Swedish alternatives, one example is “Svanen” for multi-family houses, either
single building projects or building concepts.

6.3.3

Incentive labels

The P-marked indoor climate can be applied on all types of buildings as residential
buildings, schools, day care centres and office buildings. P-marking of a building
indicates that the quality of the indoor climate is in accordance with certification rules,
in this case SPCR 114. The rules include requirements and recommendations for thermal
comfort, air quality, moisture, noise, radon, electric and magnetic fields and minimum
temperature for hot water as it is defined in the requirements from 1998 “Criteria’s for
healthy buildings and materials” from Boverket (The National Board of Housing,
Building and Planning). The rules can be applied both in planning and for new and old
buildings.
SundaHus Material Data is a tool for property owners to ensure that conscious choices
are made on the materials in their buildings. With a web-based system and expert advice,
SundaHus offers a comprehensive solution to systematize work on phasing out
hazardous substances throughout a building's lifecycle. The Nordic Swan Ecolabel, that
evaluates a product's impact on the environment throughout the whole life cycle, is also
used in the building sector within the five Nordic countries.

6.4 Environmental assessment of the
reference buildings
The environmental impacts of Strandparken have been the subject of several LCAstudies. The report [17] published by the Swedish Construction Federation has been
focusing on this project. Different constructions aspects have also been analysed in two
student theses, specifically the impacts of life expectancy and of maintenance and
replacements in Tall Timber Buildings are described in [19] and [14] respectively.
Fristad Bygg performed the LCA [33], for one building at Åsbovägen in 2013 which
present the environmental impacts from the production of the CLT-house and over 50© RISE Research Institutes of Sweden
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years of utilisation. Comparisons of alternative design solutions have also been
performed. The LCA-report has been audited and reviewed by a third-part controller in
2016.

7

Construction

7.1

Fabrication / industrialisation

The wood building industry in Sweden has been producing prefabricated elements for
single family houses in almost one century. When this industry started to build multifamily houses, the same actors took their experiences and continued to prefabricate 2D
elements and then modular units. The first CLT projects between 6 and 8 storeys also
had a high level of prefabrication.
With the influence of foreign CLT products the prefabrication has been decreasing after
2010 and more construction works are now done on-site.

7.2 Building site of the five Swedish reference
projects
Limnologen
The structural components for the project Limnologen were erected by a large contractor
NCC and a CLT-element manufacturer Martinsons. The wooden component
manufacturing took place approximately 1200 km away from the building site, at a
production plant in North Sweden.
According to Serrano in [25] it was of utmost importance that the complete building
process was moisture proof, including all events from manufacturing at the production
plant, transportation to the erection and finalisation on site. The wall and floor elements
were prefabricated with timber elements and insulation but the plaster board layers
inside were fixed on the building site. The plaster facade outside the walls were also
casted on site after the assembly of the elements.
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Figur 12:

The weather protection system at Limnologen (Photo by J. Vessby, June 2007)

After manufacture, the different elements were stored indoors before being transported
to Växjö. The wall elements were wrapped in plastic film, covered by a tarpaulin for
transportation and transported in vertical position with open trucks. The floors elements
were covered by tarpaulins, stacked one on another and were transported with covered
trucks.
Unloading on the site was done using a forklift, and the elements were put on the ground
without any additional covering until being moved to the lifting zone for assembly. The
weather protection system being used involved a large tent with an integrated overhead
crane, a system that has been a prerequisite in the project, see Figure 12. This large
weather protection delivered by Jonsereds could rise together with the building. The
crane had a maximum capacity of 3.3 tons (the maximum weight of an element is 2 tons).
The assembly at the building site was carried out by around 10 workers at a pace of one
floor per 10 working days. The covered building site was well regarded by the workers
because of a stable working environment. The weather protection was however costly
and time-consuming to elevate. It was also not optimal for the logistics as the transported
elements could not be lifted directly from trucks to the buildings partly because of the
low speed of the integrated overhead crane. Some issues during the assembly were
related to the one-off nature of the project such as missing or damaged material,
dimensional errors and mounting errors according to Serrano in [25].
Portvakten
The building structure and the construction process for the Portvakten project was
similar to the Limnologen project but the elements had a higher degree of prefabrication.
The plaster board on the inside part of the walls and for the ceiling were assembled at
the manufacturing plant. The external concrete fibre boards were also fixed on the
outside of the wall-elements in the production plant. On site, after erection of the
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prefabricated elements the fixings and some covers or joints were placed between the
elements.
The buildings were also protected by a temporary tent including an overhead crane. Four
construction workers assembled all elements in 11 months.
Strandparken
The buildings are constructed from CLT wall and floor elements which are manufactured
and transported from North Sweden, about 700 km away from the building site. The
producer and assembler of CLT elements is Martinsons that has been involved in
numerous other multi-storey timber projects in Sweden. For site assembly, a combined
system of temporary roof and a mounted crane called Extoler (Figure 13) protected the
building as well as the workers. This system has been developed based on the experience
of the earlier projects.

Figur 13:

Weather protection system at Strandparken (Photo by P. Landel)

Åsbovägen
On the building site in Fristad, the two CLT houses were built with less degree of
prefabrication. The trucks from Austria were vertically loaded with CLT-wall elements
without insulation and the elements were directly erected with a tower crane and fixed
on site by a crew of 4 building workers from Fristad Bygg, the main contractor. The CLTfloor elements were pre-assembled in an industrial hall close to the building site. The
glulam ribs were screw-glued on the top side of the slabs. The elements with a width of
2.4 m where then horizontally delivered for assembly on site.

© RISE Research Institutes of Sweden

39

The construction at Åsbovägen were protected from rain by openable shelters integrated
to the scaffoldings to allow montage of the CLT structure. Before insulation works started
on the outside of the CLT-wall and CLT-roof elements, the scaffoldings were also covered
with plastic-rain protection, see Figure 14.

Figur 14:

Weather protection system at Åsbovägen (Photo by Fristad Bygg/KLH Sweden)
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8

Conclusion

The different mid-rise timber building projects have shown that timber is a realistic
alternative to traditional concrete or steel buildings. The market for timber buildings are
increasing and more companies are entering the market as for example the
manufacturers of prefabricated building units who have been focusing on single and lowrise family houses now focus to build taller, e.g. OBOSs project called High6. The
architectural and engineering construction industry is now planning higher timber
buildings in Sweden. Close to Stockholm a 17-storey tall timber building with offices and
dwellings is planned by Håbohus together with the structural engineers from Bjerking
and will be completed soon, see Figure 15. In the northern part of Sweden, the
municipality of Skellefteå together with White architects is planning a 19-storey cultural
centre with hotel in wood that should be completed by 2021.
Two research and development projects: “Tall Timber Buildings – a concept study” and
“BioInnovation – Future bio-based construction and housing” are accompanying the
development to find solutions to the new challenges. They also provide support to the
industrial actors by developing new ways of designing innovative building products from
the forest.

Figur 15:
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Furthermore, the Swedish government and the building authority are looking at how to
implement environmental aspects and limitations in the next building codes by
introducing design rules involving LCA-methods. The Swedish transport administration
is already using LCA-criteria to evaluate tenders. Such provisions would be favourable to
the rise of Tall Timber Buildings in Sweden.
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10 Appendices: Technical
documentation of the reference
buildings
In the following appendices, facts, drawings and pictures from the five reference projects
are presented to bring extra information for the readers interested to search for technical
or detailed information. This material has been provided by the engineers, the architects
and the teams involved in the design or the production of those building projects.
List of the appendices:
-

Appendix A: Limnologen
Appendix B: Portvakten
Appendix C: Strandparken
Appendix D: Vallen
Appendix E: Åsbovägen
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10.1 Appendix A: Limnologen

TECHNICAL AND CREATIVE SOLUTIONS - BUILDING'S DATASHEET
All information and documents contained in this datasheet are meant to be widely shared

Kv. Limnologen // Växjö, Sweden
Country

Type of building
Residential

Sweden

Building system
CLT

Client
Architect

Midroc Property Development
Arkitektbolaget Kronoberg

Structural engineering
consultant

Martinsons Byggsystem (Tyrèns for concrete)

Interior designer(s)
Wood sector
company/companies
Beginning of studies
Completion year
Number of storeys
Floor area
Total cost / building

Martinsons, NCC and JSB
2006
2008 - 2009
8
13 852 m2 BTA
320 000 000 SEK, including parking-house with
140 places and a common house for the cooperative

Amount of timber (m3) /
?
floor area (m²)
Växjö, Sweden
Place (address)
© Midroc Property Development
Project description
Four 8-storey buildings with 33 or 34 apartments in each as housing cooperative.

Project members
Mission
Client
Project manager
Communication
departement
Conception team
Architect
Structural
engineering
consultant Timber
Structural
engineering
consultant
Concrete

Company

Contact name

Contact details (e-mail address + phone)

Midroc Property Anders Persson
Development

Arkitektbolaget
Kronoberg

Ola Malm

+46 470-490 82
ola.malm@arkitektbolaget.se

Martinsons
Byggsystem

Daniel Wilded

daniel.wilded@martinsons.se

Daniel Wilded

daniel.wilded@martinsons.se

Tyréns

Sound engineering
consultant
ÅF Ingemansson
Companies
NCC
Structural system1 Construction
JSB John
Svensson
Structural system2 Byggnadsfirma
Martinsons
Wooden structure Byggsystem
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10.1 Appendix A: Limnologen

Kv. Limnologen // Växjö, Sweden
The load bearing structure consists of CLT-elements above the first floor which is made of concrete( both walls and floor). Vertical loads are handle by the outside CLT-walls, inside CLT-walls, inside timber frame walls and some glulam beams. The
floor elements span parallel to the transversal direction of the building
Typical plan of one building. The
four buildings have slightly
different plans but their total length
is about 42 m and their widths vary
between 13 and 23 m.

Main bearing
direction of the
ribbed CLT-floors

- Description of the walls:

outside CLT-wall with plaster facade
outside CLT-wall with wood facade
apartment separating timber frame wall
lift shaft separating CLT-wall
inside CLT-wall
stabilising and bearing inside CLT-wall
inside timber frame wall
glulam beam

© RISE Research Institutes of Sweden
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- Facade views:

© RISE Research Institutes of Sweden
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- Details:

elements marked with * are assembled on the building site after that the prefabricated wall/floor part has been positioned and fixed.

Outside CLT-wall with wood facade

Outside CLT-wall with plaster facade

Apartment separating timber frame wall

25 glulam panel (painted once in fabric)
28x70 vert. stud c1200
Wind tight layer
195 insulation between vert. wooden batterns
85 CLT 3-layers
45x45 vert. stud
15 fire plaster board*

Plaster facade*
180 insulation board*
85 CLT 3-layers
45x45 vert. stud
15 fire plaster board*

2 x 15 fire plaster board*
30 insulation + 28x45 horiz. stud
8 board
120 insulation + 45x120 vert. stud
20 air gap
120 insulation + 45x120 vert. stud
8 board
30 insulation + 28x45 horiz. stud
2 x 15 fire plaster board*

© RISE Research Institutes of Sweden

Stabilising and bearing inside CLT-wall

13 plaster board*
95 CLT 5-layers
15 plaster board*
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Kv. Limnologen // Växjö, Sweden

CLT floor construction, plan 3 to 7, the floor elements are 2,4 m width and are prefabricated with 2 pcs of 1,2 m width CLT-element

73 CLT 3-layer with floor heating pipes
42x220 glulam L40 c460
56x180 L40 glulam horiz.
170 insulation
45x195 timber joist c600
70 insulation
28x70 vert. stud c600
2 x 13 plaster board*

Structure of balconies
Vertical detail:

© RISE Research Institutes of Sweden

3D-view:
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Kv. Limnologen // Växjö, Sweden
Lateral stability
The wind loads are transferd from the facade to the CLT-floor elements. Then the loads are transferd to CLT walls and 48 tie rods in each house to avoid up lift.

Connection detail of the steel ties rods to the first conrete floor

© RISE Research Institutes of Sweden

Insulation of a the tie rod in the wall

Connection of 2 tie rods
between floors

Connection detail of the tie rods with steel plates on
the top of the walls on plan 8

10.2 Appendix B: Portvakten

51

TECHNICAL AND CREATIVE SOLUTIONS - BUILDING'S DATASHEET
All information and documents contained in this datasheet are meant to be widely shared

Kv. Portvakten // Växjö, Sweden
Country

Type of building
Residential

Sweden

Building system
CLT

Client
Architect

Hyresbostäder i Växjö
Bsv arkitekter & ingenjörer

Structural engineering
consultant

Martinsons Byggsystem

Wood sector
company/companies
Beginning of studies
Completion year
Number of storeys
Floor area
Total cost / building
Amount of timber (m3) /
floor area (m²)
Place (address)

NCC Construction
2006
2009
8

6424 m2 BTA
108 318 000 SEK
?
14 Emil Lindells väg, Växjö, Sweden

©

Project description
Two 8-storey buildings with 32 apartments in each, built with passiv-house standard

Project members
Mission
Client
Project manager
Communication
departement
Conception team
Architect
Companies
Structural system
Wooden structure
Timber
prefabrication

Company

Contact name

Contact details (e-mail address + phone)

Erik Hallonsten

+46 470-59 90 00

Bsv arkitekter &
ingenjörer

Seth Bengtsson Karlshamn

+46 10-1300 300
info@bsv.se

NCC
Construction
Martinsons
Byggsystem

Daniel Wilded

daniel.wilded@martinsons.se

Hyresbostäder i
Växjö

Åsljungahus

© RISE Research Institutes of Sweden
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Kv. Portvakten // Växjö, Sweden
The load bearing structure consists of CLT-elements above the first floor which is made of concrete (both walls and floor). Vertical loads are handle by the outside CLT-walls, inside CLT-walls and inside timber frame walls.
- typical facade, plan and section of one building. The two
buildings have slightly different plans but both are squares with
22 m respectively 19 m side length.

© RISE Research Institutes of Sweden
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Kv. Portvakten // Växjö, Sweden
- DETAILS:
CLT floor construction, plan 3 to 7, the floor elements are 2,4 m width and are prefabricated with 2 pcs of 1,2 m width CLT-element

73 CLT 3-layer
42x220 glulam L40 c460
56x180 glulam L40 horiz.
170 insulation
45x195 timber joist lengthwise
45x70 timber crosswise
70 insulation
28x70 vert. stud c300
2 x 13 plaster board
Outside CLT wall

Apartment separating timber frame wall
8 cement fiber board
2 sealing stripe
28x95 vert. stud c600

2 x 15 fire plaster board
8 K-board
145 insulation + 70x145 vert. Planks s600

17 wall board (wind tight)
170 insulation between horiz. 45x170 wooden batterns
170 insulation between vert. 45x170 wooden batterns

20 air gap
145 insulation + 70x145 vert. Planks s600

0,2 airtight foil
83 CLT 3-layers
45x45 vert. Stud s600
15 fire plaster board

Inside CLT-wall

Inside CLT-wall

13 plaster board
95 CLT 5-layers
13 plaster board

© RISE Research Institutes of Sweden

8 K-board
2 x 15 fire plaster board

13 plaster board
85 CLT 3-layers
13 plaster board
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Kv. Portvakten // Växjö, Sweden
Horizontal detail, window in
outside wall

Vertical connection detail between floor-elements and wall-elements

© RISE Research Institutes of Sweden

Vertical detail
ground plan 1

3D-view balcony
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TECHNICAL AND CREATIVE SOLUTIONS - BUILDING'S DATASHEET
All information and documents contained in this datasheet are meant to be widely shared

Strandparken // Sundbyberg, Sweden
Country

Type of building
Residential

Sweden

Building system
CLT

Client
Architect

Folkhem
Wingårds Arkitektkontor

Structural engineering
consultant

Martinsons Byggsystem

Wood sector
company/companies
Beginning of studies
Completion year
Number of storeys
Floor area
Total cost / building
Amount of timber (m3) /
floor area (m²)
Place (address)

Folkhem
2011
2013
8
15 924 m2 Atemp
?
0,30
Hamngatan 17, Sundbyberg, Sweden

© Pierre Landel
Project description
Four 8-storey timber buildings with 124 apartments in total are planned. Two buildings are finnished.

Project members
Mission
Client
Project manager
Communication
departement
Conception team
Architect
Structural
engineering
consultant timber
Structural
engineering
consultant
concrete
Fire engineering
consultant
Sprinkler
consultant
Environmental
engineering
consultant
Companies
Structural system
Wooden structure

Company

Folkhem

Contact name

Contact details (e-mail address + phone)

Arne Olsson
Nina Johansson

nina.johansson@folkhem.se

Wingårds
Arkitektkontor

Gert Wingårdh and Anna
Höglund

Martinsons

Daniel Wilded

daniel.wilded@martinsons.se

Daniel Wilded

daniel.wilded@martinsons.se

Tyréns
WSP Malmö
NVS

C-o-m-b-i-n-e
Folkhem
Production
Martinsons
Byggsystem

© RISE Research Institutes of Sweden
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Strandparken // Sundbyberg, Sweden
The foundation and the basement is made of reinforced concrete and 8 storey above are made of CLT elements according to Martinsons mass timber building system. The top floor, at plan eight, is smaller than the other floors.

© RISE Research Institutes of Sweden

10.3 Appendix C: Strandparken
Strandparken // Sundbyberg, Sweden

© RISE Research Institutes of Sweden
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Strandparken // Sundbyberg, Sweden
- DETAILS:
CLT roof construction

CLT outside wall construciton

Inside walls construction

CLT floor construction

© RISE Research Institutes of Sweden

10.3 Appendix C: Strandparken
Strandparken // Sundbyberg, Sweden
Basement and fondation

Prefabricated balconies

© RISE Research Institutes of Sweden
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Strandparken // Sundbyberg, Sweden
Lateral stability:
Connection details of the steel rods stabilizing the building. In total

© RISE Research Institutes of Sweden
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TECHNICAL AND CREATIVE SOLUTIONS - BUILDING'S DATASHEET
All information and documents contained in this datasheet are meant to be widely shared

Kv. Vallen // Växjö, Sweden
Country

Type of building
Residential

Sweden

Building system
Glulam frame

Client
Architect

Växjöbostäder
LBE arkitekt

Structural engineering
consultant

Moelven Töreboda

Wood sector
company/companies
Beginning of studies
Completion year
Number of storeys
Floor area
Total cost / building
Amount of timber (m3) /
floor area (m²)
Place (address)

Värends Entreprenad
2013
2015
9

Sjövallavägen 16-20, Växjö

© Moelven

Project description
4 residential buildings of various sizes and shapes containing a total of 71 apartments. Two buildings
dominate with 7 storeys with glulame frame structure placed on two concrete floors. Reinforced concrete stair
and lift cores stabilize the buildings.

Project members
Mission
Client
Project manager
Communication
departement
Conception team
Architect
Structural
engineering
consultant timber
Companies
Structural system
Wooden structure
Timber
prefabrication
Concrete prefab

Company

Contact name

Contact details (e-mail address + phone)

Växjöbostäder

0046470-74 62 50

LBE arkitekt

Moelven
Töreboda

Erik Johansson

Erik.Johansson@moelven.se

Värends
Entreprenad

Andreas Jakopson

0046470 - 499 30 andreas.jakopsson@varends.se

Erik Johansson

Erik.Johansson@moelven.se

Moelven Töreboda

Moelven
Töreboda
A-betong

© RISE Research Institutes of Sweden
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Kv. Vallen // Växjö, Sweden
- DETAILS
Floor construction and connection to outside walls with glulam beam
14 parkett
40 concrete screed
17 impactsound insulation board
375 Trä8-floor box with LVL joist and insulation
25 acoustical steel profil
13 gips
15 fire plaster board

© RISE Research Institutes of Sweden
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TECHNICAL AND CREATIVE SOLUTIONS - BUILDING'S DATASHEET
All information and documents contained in this datasheet are meant to be widely shared

Åsbovägen // Fristad, Sweden
Country

Type of building
Residential

Sweden

Building system
CLT

Client
Architect

Fristad Bostäder
Tengbom

Structural engineering
consultant

KLH Sverige

Wood sector
company/companies
Beginning of studies
Completion year
Number of storeys
Floor area
Total cost / building
Amount of timber (m3) /
floor area (m²)
Place (address)

Fristad Bygg
2012
2015
6
4160 m2 BTA / 2980 m2 BOA
26200 kr / m2 BOA = 78 076 000 SEK
0,40
Åsbovägen, Fristad , Sweden

© Pierre Landel

Project description
Two 6 storey residential buildings with 44 apartments in total. The structure is predominantly made of CLT.

Project members

Mission
Client
Project manager
Communication
departement
Conception team

Company

Fristad Bostäder

Contact name

Kjell-Ove Sethson

Contact details (e-mail address + phone)

0046 33-22 25 50
kjell-ove.sethson@fribo.nu

Architect

Tengbom

Structural
engineering
consultant timber

KLH Sverige /
Fristad Bygg
LimträTeknik

Jan Izikowitz
Magnus Almung

jan.izikowitz@tengbom.se
magnus.almung@tengbom.se

Magnus Emilsson

magnus@limtrateknik.se

Klas Hagberg
Andreas Colebring

klas.hagberg@wspgroup.se

Structural
engineering
consultant concrete STIBA
Sound engineering
WSP
consultant
Fire engineering
Bengt Dahlgren
consultant
Companies

Thérese Göras

Structural system

Fristad Bygg

Svante Dahlquist

Wooden structure
Timber
prefabrication
floor structure

KLH Sverige

Daniel Lyckvik

Concrete prefab

Fristad Bygg
Hedared Sand &
betong

© RISE Research Institutes of Sweden

Svante.Dahlquist@fristadbygg.se
0046 701715090
daniel.lyckvik@fristadbygg.se
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Åsbovägen // Fristad, Sweden
The load bearing structure consists of CLT-elements for walls, floors, roofs, balconey, stair-structure and liftshaft. Vertical loads are handle in the apartment by the outside CLT-walls, inside CLT-walls. The vertical loads in the staircase are caried down with steel
pillars.
- typical plan, facades and sections of one building from Tengbom Arkitekter (Jan Izikowitz and Magnus Almung). The two buildings have
same mirrored plans with overall dimensions about 20 m x 27 m. The max. total high is about 23,2 m over the ground.

© RISE Research Institutes of Sweden
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Åsbovägen // Fristad, Sweden

- Details
Outside CLT wall (YV1)

Separating CLT-wall between apartments (IV15)

Wood shingle
22x70 horiz. batten s400
27x97 vert. LVL batten
150 min. wool
150 min. wool
128 CLT 5-layers

Separating CLT-wall between apartment and staircase (IV17)

13 plaster board*
13 plaster board
95 CLT 3-layers
140 blow-in insulation
95 CLT 3-layers
13 plaster board
13 plaster board*

* 1 layer plaster board on each side enough to
fulfill sound requirements acc. tot tests

© RISE Research Institutes of Sweden

13 plaster board
128 CLT 3-layers
16 airgap
145 steel profil + insulation
13 plaster board
13 plaster board
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Åsbovägen // Fristad, Sweden
CLT-floor between the apartments
14 parquet (plastic floring in bedroom)
13 plaster board**
13 plaster board**
22 chipboard with heating pipes
222 min. wool (30 kg/m3)
12 Pink Sylomer s600
270x56 glulam L40 s600
60 layer of ballast (1600 kg/m3)
117 CLT 5-layers
45 batten s400
30 min. wool
25 steel acoustical profil s400
13 plaster boards

Lateral stability
Connection ground/stabilizing CLT-wall

** replaced by 30 mm light concrete screed for economic reasons

Vertical connection detail between apartment and staricase

© RISE Research Institutes of Sweden

Vertical connection detail between apartment and balconey

Vertical connection detail between apartments

10.5 Appendix E: Åsbovägen
Åsbovägen // Fristad, Sweden
- Structural plan with CLT-elements

© RISE Research Institutes of Sweden
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