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Abstract 

Although they are few in number, most Slovenian timber buildings combine 
contemporary styling with energy-efficiency measures that bring them close to passive 
house standards. Slovenia’s construction industry is widely recognized as being advanced 
in the field of low-energy buildings. As energy-efficient building methods gain 
importance, timber passive houses can play an increasingly important role in the future. 
The long tradition of timber construction in Sweden is going from strength to strength 
thanks to the development of advanced, timber structures. Builders and designers know 
that timber is not only an economic building material but it also has the added bonus of 
being environment-friendly. The industrial manufacture of single-family housing has a 
long tradition in Sweden, and about 90% of all single-family houses are built with at least 
a frame of timber. The Swedish national building code has allowed the construction of 
multi-storey timber housing since the mid-1990s. Today, 15% of the newly built 
residential multi-storey buildings have a timber frame, and 80% of the student housing 
built in Stockholm uses industrialized timber construction systems. This paper give an 
introduction to Slovenian and Swedish timber building technologies with an emphasis on 
the future use of wood as a sustainable architectural construction material.  
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Introduction 

In Slovenia, the predominant methods of timber construction include panel construction, 
wood-frame construction, and solid-wood construction. Primary wood products used in 
these methods range from solid wood to various wood-based composites. In solid-wood 
constructions glued-laminated timber (glulam), cross-laminated timber (CLT), laminated-
veneer lumber (LVL), and laminated strand lumber (LSL) are used for walls, floors, and 
roofs. In wood-frame constructions, wooden wall sections are assembled from studs and 
crossbars of various dimensions. For the exterior and interior faces, various panel-based 
systems are used. Besides drywall panels and gypsum board, particleboard, cement-
bonded panels, fibreboard, oriented-strand boards (OSB), and LVL are also used. 
Although the production of CLT panels and their use in timber construction is increasing, 
the use of solid wood has lost its historical dominance and has been replaced by different 
engineered wood products.   
In Sweden, it was not possible to use timber as a frame material in the construction of 
houses with two or more floors until 1995. Regulations that regulated the choice of frame 
material excluded wood, as a result of a number of devastating fires in Swedish cities at 
the end of the 19th century. As a consequence, no development of multi-storey timber 
housing took place and other materials such as steel and concrete were used. The current 
regulations prescribe instead a material-independent functional requirement, and the use 
of timber as a material in multi-storey housing has increased to approximately 15% of all 
newly built multi-storey houses. The development towards an industrialised construction 
and manufacture within the timber building sector has in recent years led to an increase in 
prefabricated structural components of solid wood, engineered wood products (EWP), and 
non-wood materials that are assembled at the construction site. In contrast to multi-storey 
housing, the industrial manufacture of single-family timber housing has a long tradition in 
Sweden. The majority of the on-site and prefabricated single-family houses built in 
Sweden have timber frames, but this is not the case in the rest of Europe where less than 
10% of the single-family houses have a wooden framework (Dol and Haffner 2010). 

Building Techniques in Slovenia and in Sweden 

Several common techniques are available for the construction of buildings with 
supporting frameworks of wood. One way is to use structural wood members to form a 
frame which is covered by structural wood panels, where the foundations are generally of 
concrete. This building technology is often used in the construction of single-family 
houses but also in the construction of multi-storey buildings. Another technique uses CLT 
for the supporting framework, walls and joists, and the walls have to be insulated to give 
the building a high level of energy efficiency. The technique is well adapted to the 
construction of multi-storey buildings. A third technique is a system of columns and 
beams, where glulam is used to a large extent for the load-bearing structure.  The primary 
criteria are load-bearing strength, rigidity, lateral stability, wind resistance etc., but all 
these systems satisfy as well modern criteria for fire safety, permissible sound levels and 
energy efficiency. Special consideration must be given to these functional criteria in the 
case of multi-storey buildings and well-tested technical solutions are now widely 
available (Fig. 1). 
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Figure 1: | 1.1 House Rant, Škofja Loka, Slovenia, 2013, | 1.2 Villa Emils Backe, Smedstrop, Trosa, 
Sweden, 2014, | 1.3 Mölle by the sea, Mölle, Sweden, 2013  
Most Slovenian wooden-house producers offer houses with a wood-panel construction, 
although timber-frame constructions and CLT systems are also used. Wood-panel 
constructions have been present in Slovenia for more than 35 years. The beginnings of 
pre-fabricated construction started after World War II, when barracks were built for the 
people who had been left without shelter and those who had migrated from the 
countryside to the city. In the past 30 years, timber construction has undergone major 
changes, the most important changes being the transition from on-site construction to 
factory prefabrication, the transition from elementary measures to modular building and 
the development from a single-panel to a macro-panel wall prefabricated system. These 
changes have greatly improved the efficiency of fabricating timber constructions. 
In Sweden, the dominant frame system for single-family timber houses is based on timber 
studs; i.e. walls that consist of vertical studs with insulation material inserted between the 
studs and usually faced inside with gypsum- or wood-based panel materials, and outside 
with some type of façade covering. The façade covering can be brick, plaster or solid 
timber. The level of completion in the factory varies depending on the choice of façade 
covering, because only timber façades can normally be prefabricated. The floor structure 
is prefabricated in the same way as the walls. Single-family timber housing businesses 
employ one of two strategies for the final stage: manufacturing plane elements in the plant 
and transporting them to the site for final assembly or assembling the plane elements in 
the factory and then shipping them as complete volumes to the final building site.  
Several modern timber-house companies manufacture building elements, such as roof 
trusses, joist floors and wall units, themselves. In contrast, they almost always purchase 
the doors, windows and carpentry ready-made from external manufacturers. The method 
of producing a house or parts of a house in an industrial production environment is termed 
“prefabrication,” and this is the dominant method of building single-family timber houses 
in Sweden. Approximately 90% of the single-family houses in Sweden are built with 
timber frames. A single-family timber house in Sweden usually has a floor area between 
50 and 250 m2 and is seldom more than two storeys. The volume of wood in a normal-
sized Swedish single-family house with a timber frame is, depending on the size and 
building method, between 10 and 30 m3.  
A few manufacturers use CLT systems. During the manufacture of the unit, the shapes are 
trimmed, openings are left for windows, doors, etc., and the thickness is levelled if 
necessary. Prefabricated CLT panels are delivered directly to the construction site. The 
producers of houses with CLT systems do not have their origins in the tradition and 
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company culture associated with single-family timber houses. The most appealing reason 
for using the CLT system is that the wall units and joist floors have a high load-bearing 
capacity and stiffness. Not surprisingly, their initial use in Sweden was for multi-storey 
buildings. 
Construction on-site 
The oldest method of construction is on-site building. The building materials are 
transported to the building site and the various elements are assembled on site and then 
erected. The method requires a great deal of organization and planning on the building 
site. Risks associated with damage to materials and prefabricated structural components, 
and moisture damage must be considered (Fig. 2). 
Of necessity, on-site construction tends to take a long time. With the on-site building 
technique, wall components are generally assembled resting on joists or the ground and 
then erected manually. In Slovenia, a non-negligible amount of wooden houses have 
appeared recently, constructed on-site through smaller tradesmen (carpentry workshops). 
On-site construction is very rare in Sweden for single-family houses, but occurs with 
larger buildings where the frame is of glulam or CLT.  

Figure 2: | 2.1 Hus N, Linnaeus University, Växjö, Sweden. 2011. | 2.2 Waldorf school, Ljubljana, 
Slovenia, 2013, | 2.3 House S, Velike Lašče, Slovenia, 2014 

Off-site Prefabrication 
In both Slovenia and Sweden, the trend is towards a higher degree of prefabrication, i.e. a 
greater part of the building work takes place at an industrial plant in a well-controlled 
environment with approved quality assurance. The actual on-site assembly of the building 
until the roof is laid takes only one or two days. The prefabrication can include various 
components such as wall and floor elements, roofs, trusses etc., but also modules, so 
called volumes. Both components and modules are prefabricated with insulation, 
installations, windows and doors (Fig. 3).  
Prefabricated components of wood are relatively light in weight and can be erected to 
heights of several storeys using simple lifting equipment. With prefabricated wood 
modules, the total cost is up to 20-25% lower than to building on-site. This is partly due 
to a time saving of up to 80%. In Slovenia, most of the large house manufacturers offer 
off-site prefabrication houses - panel construction (The Section of Slovenian 
Manufacturers of Prefabricated Houses). In Sweden, the of-site manufacture is totally 
dominating for single-family houses and this method of manufacture is also becoming 
more and more common for multi-storey housing built with different building systems. 
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Figure 3: Examples of off-site prefabrication. A building process with prefabricated component or modules 
is faster, less weather-sensitive and provides better control over costs 

Modular System  
Working with modular systems is a huge help, since it is difficult to design traditionally 
and then translate the design to an industrial context. It is easier to adapt the construction 
and organisation of the building to the limits of the system from the beginning. For 
example, the modules have to be of a size that can be transported by lorry and that will fit 
on roads and under bridges. The modules also have thicker structural beams than normal, 
which can be a challenge if the building height is restricted. In addition, the system 
requires an early commitment in the project, with very little scope for making changes 
later. The advantages of industrial construction in wood are: less time on the building site, 
less transport, less disruption for neighbours, good cost control and no drying time 
compared with that for in situ concrete (Fig. 4). 

Figure 4: | 4.1 Residential apartments Skagersvägen, Stockholm, 2013, | 4.2 Multi-residence buildings, 
Ekorren, Skellefteå, 2009, | 4.3 Student housing, Kungshamra, Stockholm, 2002 

Multi-storey Buildings 

Until recently, national building regulations in many European countries have restricted 
the use of timber frames for the construction of multi-storey buildings, since many 
countries have refrained from using flammable materials because of uncertainty about 
fires risks in the buildings. However, extensive research has shown that material-neutral 
building regulations are preferable and, for over a decade, function-based regulations have 
been common in many countries.  
Modern building regulations have contributed to an increase in the construction of multi-
storey timber buildings of up to eight storeys. The increase can be attributed to several 
important factors such as a lower cost of wood-building compared with construction using 
other materials, and advantages of using wood in industrial building, together with a 
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growing environmental awareness, where the choice is motivated by the fact that wood is 
a renewable material and that its use reduces CO2 emissions, provided that the timber is 
harvested in forests where sustainable forestry, with replanting and management plans, is 
practiced.  
Of the primary criteria (load-bearing strength, rigidity, lateral stability, wind resistance 
etc.), the question of lateral stability is especially important because the construction is 
relatively light. A common practice in the case of buildings with six or seven floors is to 
build the ground floor in concrete and secure the timber structure to the concrete. Wind 
loads are transferred via joist elements and shear walls to the ground. Good stability is 
achieved by utilizing diaphragm action.  
An important consideration when designing multi-storey buildings with a load-bearing 
wood frame is the transfer of sound. Multi-storey buildings made of timber can be given 
an outer architectural design that suits the location where the building is erected. There 
are different regulations regarding the permissible height of a wood building, mostly due 
to fire-safety reasons. Table 1 summarizes the allowable numbers of storeys in Slovenia 
and Sweden depending on whether or not a sprinkler system is installed. 
Table 1. Number of storeys allowed to be built in a wooden building in Slovenia and Sweden 

Building properties Sprinkler Sweden1) Slovenia2) 
Load-bearing structure YES ≤ 5 ≤ 5
Load-bearing structure NO ≤ 5 ≤ 3
Wooden façade claddings YES ≤ 5 max. 63) 
Wooden façade claddings NO ≥ 1 max. 33) 
Wall and ceiling linings in flats (surface linings of ordinary wood) NO ≥ 1 --4) 
Wall and ceiling linings of untreated wood in escape routes NO ≥ 1 --4) 
Wall and ceiling linings of fire-retardant treated wood in flats NO ≥ 5 --4) 
Wall and ceiling linings of fire-retardant treated wood in escape 
routes 

NO ≥ 5 --4) 

1) Mahapatra and Gustavsson (2009); 2) RS, Ministry of the Environment and Spatial Planning (2010);
3) See Table 8 and 4) see Table 5 in reference 2) RS, Ministry of Environment and Spatial Planning (2010)

In Sweden, the market share of the use of wood in multi-storey buildings increased from 
1% in 2000 to 15% in 2012 (Mahapatra et al. 2012), while in some other countries, as in 
Slovenia, the growth has been very slow. In Slovenia there is only a very small share of 
wooden multi-storey buildings; mostly two-storey buildings as touristic facility, schools 
and some residential buildings (Fig. 5). 

Figure 5: | 5.1 Car park, Ekorren, Skellefteå, 2009, 4 storey, | 5.2 Multi-residence Älvsbacka Strand, 
Skellefteå, 2009, 7 storey, | 5.3 Residential building Portvakten, Växjö, 2009, 7 storey, | 5.4 Youth Hostel 
Punkl, Ravne na Koroškem, Slovenia, 2014, 2 storey 

248



Proceedings of the 59th International Convention of Society of Wood Science and Technology 
March 6-10, 2016 – Curitiba, Brazil 

Conclusion 

Positive aspects of wood as a structural material include its strength, environment-
friendliness, simple handling and appropriateness for industrial use, but knowledge gaps 
have led to a reduction in the use of wood by structural engineers and architects.  
The forest provides infinitely renewable raw materials. As demands on economic 
frugality and the use of biocycles become increasingly stringent, the use of wood becomes 
an increasingly important option. Wood is also well suited for modern architecture.  Walls 
and floors can be constructed and assembled in the factory, in dry conditions and with 
great joinery precision. At the construction site, the modules are assembled quickly and 
efficiently.  
Wood for multi-storey building structures has a market share of about 15% in Sweden but 
is almost non-existent in Slovenia.  It seems that the wood construction system in Sweden 
is passing from a formative to a growth phase, while in Slovenia it is still in the formative 
phase. Single-family wooden housing has a long tradition in both countries, but it is more 
dominant in Sweden than in Slovenia. 
Attitudes towards wood construction also vary between Slovenia and Sweden. In Slovenia 
people have concerns regarding fire safety and the durability of wooden building, but this 
is not the case in Sweden (Hemström et al. 2014). The use of wood frames in building 
constructions is promoted to different degrees; in Sweden there is a wide range of 
programs to promote multi-storey wooden buildings, whereas in Slovenia there is from 
2014 a program to promote the use of wood in general, but not specifically for the 
construction of multi-storey buildings. In 2014, Slovenia also adopted Green Public 
Procurement (GPP). In the construction sector in Slovenia, GPP is primarily affected and 
regulated by the technical specifications and award criteria for buildings, where it is 
generally required that 30% of in-built material (by volume) must be wood or wood-
based, and of this 50%, i.e. 15% of the total volume, can be substituted by products with 
EcoLabels I or III (Kitek Kuzman and Kutnar 2014). 
Slovenia, like several other European countries, is increasing the energy performance of 
buildings by encouraging investors or buyers to select more energy-efficient technologies 
through measures that make them more price-competitive with low-interest loans or 
subsidies. Lower interest rate loans are also offered by the Slovenian Environmental 
Public Fund. These loans are intended for the construction or renovation of passive or 
very low-energy houses or for energy-efficiency measures (installation and replacement 
of solar collectors, biomass boilers, heat pumps, ventilation with recuperation, external 
building fixtures, insulation of the facade and roof). This is not the general situation in 
Sweden. 
We see opportunities for further development and future trends in high prefabrication, 
partnership and increased responsibilities for planning and construction, improved and 
systematic feedback of experiences, team cooperation. Demonstration projects are vital to 
show the various actors team work, e.g. the wood industry, architects, builders, and 
housing associations, the technical and the business potential of wood as a multi-purpose 
building material. 
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There are numerous challenges associated with the construction of wooden buildings, and 
these challenges are best met through further research and more pilot projects to increase 
the knowledge of life cycle costs, construction costs, maintenance costs, sound and 
vibrations, through the general increase in the number of wooden buildings that are being 
erected. 
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