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ABSTRACT: This paper presents and discusses the results and work carried out in a feasibility study, in cooperation 
with Swedish companies and a Japanese company to evaluate the possibility to introduce and adapt a new building 
system in Europe. The system is a column-beam systems developed in Japan and have been analyzed and evaluated in 
this project regarding to European conditions. The work carried out for about 18 months starting in June 2008 and 
finishing in 2010. The choice of the building system is determined by both performance and economy. The build system 
has a potential for various construction projects and has numerous advantages. The system flexibility should be 
increased to meet other types of construction and thereby increase its market potential. Each building is a unique object, 
so there is no pre-given solution what system is the best in each case. 
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1   INTRODUCTION 123 

Interest in developing a new industrialized timber 
systems for large commercial buildings - ie. office 
buildings, hospitals, hotels, shops, but even for 
residential houses is getting more interesting regarding 
higher construction costs of traditional construction 
methods as a result of increased material costs and 
higher working costs. By developing a building system 
in which standardized glulam beams can be connected 
with proprietary steel fittings to a column-beam skeleton, 
allows for efficient and functional construction of large 
buildings regarding to appearance, functionality and 
quality.  
 
To introduce a new build system also requires suppliers 
with a good understanding of the system and the 
willingness to invest in machinery, knowledge and have 
a confidence in using the system. 
 
BIG FRAME system is a system that is well suited for 
industrial construction with industrially manufactured 
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components. But there is also a need for investments to 
technical facilities and production equipment so it is 
possible to manufacture the components in a cost-
effective way.  
   
In order to achieve critical market point for 
manufacturers and to take necessary steps it requires 
knowledge about production and technical details for the 
system. The only way to achieve this is to make test and 
analyze the results. BIG FRAME-system has for many 
years been verified in the laboratory and on the Japanese 
market. The results from laboratory tests and knowledge 
on site in Japan created a good base for a pilot project in 
Europe and thereby a good opportunity to bring relevant 
information about the system to prospective 
manufacturers and demonstrate the system's potential.  
 
The Japanese company Sumitomo Forestry was 
interested in a long-term cooperation with Swedish 
partners to strengthen their knowledge of European 
markets and building systems, and in collaboration with 
Swedish researchers develop building systems mainly 
for higher apartment buildings for both Japan and 
Europe. A feasibility study started to evaluate the 
possibilities for the system in 2008.   
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2   PRESENTATION OF THE PROJECT  

2.1 OBJECTIVES AND GOALS OF THE 
FEASILITY STUDY  

The project aimed to evaluate the new building system in 
the European market and give the partners involved in 
this collaboration project knowledge about technical, 
manufacture and construction questions for eventual 
investments in this system. The project also provided 
opportunities for the enterprises involved to establish 
new international contacts. 
 
The aim of the project is to work with representatives 
from Japanese and Swedish wood industries to create a 
foundation for further efforts in this field.  
 
The following aims were considered to be achievable: 
 
• A commercial consortium for the production of  
  components for BIG FRAME. 
• Evaluation of using and manufacturing BIG  
  FRAME system with other dimensions.  
• Input to a prototype machine of manufacturing 
  components. 
• Evaluation of the system's adaptability. 
 
2.1 SYSTEM BIG FRAME 

A column and beam system is a system where columns 
and beams are connected in joints of the bearing parts of 
the building. Column and beam systems are currently 
used to a lesser extent in the construction of wooden 
houses because they are considered not to be cost-
effective comparing with systems based on timber frame 
when it also is needed thick thermal insulation. A 
structural framework can often include bearing capacity, 
thermal insulation and sound insulation in the same 
surface element. In a column-beam system is obtained 
two systems, a bearing and a separation that must be 
integrated to achieve competitiveness. 
 
Column-beam system, have however a number of 
benefits to be taken into account. The system provides 
opportunities for free layout and large openings, which is 
an advantage in today's architectural trends toward more 
open layout and large openings in the facades. One of 
these systems is BIG FRAME developed by Sumitomo 
Forestry for the Japanese market, based on the use of 
beams and columns of glulam. Steel screws, see Figure 1 
and Figure 2 are linking the components together in a 
moment rigid joints. The most important part of Big 
Frame system is the type of connectors being used. This 
connection is consisting of two screws, connected with a 
steel box. These screws can be embedded in columns as 
well in beams.  
 
Specific for the bearing system is the interchanges with 
threaded screws, tubes, washers and bolts. By a creative 
design and production the structure can be built with 
relatively high stiffness. Surface walls for stabilization of 

the structure are not required for buildings less than three 
floors high houses. For higher buildings the system 
should be supplemented with other stabilizing grids. 
 
The system is reminds of a flat-pack system and 
specialized hardware. The system is designed for 
earthquake loads up to three floors. 
   
The system has been used in Japan about six years. 
Sumitomo Forestry manufacture and sell this type of 
bearing systems, BIG FRAME, based on the use of 
beams and columns of glulam, they build predominantly 
residential houses up to three stories. 
 

 

 

Figure 1: Joint, BIG FRAME concept 

 
Figure 2: BIG FRAME structure 
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3.1 Feasibility study   

As introduction of this building system on the European 
market and also for a industrial and commercial 
exploitation of technology requires that one - or more - 
industrial and commercial consortium are created and 
that the consortium will be able to implement a number 
of demonstration projects. To start up introduction and 
get a better knowledge about the technique a feasibility 
study was proposed.  
 
During a previously established business networks in 
Sweden was a number of possible objects identified. A 
feasibility study carried out in cooperation within the 
wooden industry and contractors was suggested as 
method to clarify whether BIG FRAME system could be 
introduced in Europe.  

One of the goals of the feasibility study was to choose a 
number of suitable objects, from a number of planned 
construction projects, and where at least one should be 
built. The plan was that the projects should, if possible, 
be of different types of buildings, small and large 
buildings, houses or public buildings. Four different 
projects were presented as case studies; minor building 
for students (student dormitory), residential building, 
bigger school building or an office building and a 
museum building. 

3 CASES 

The case selected in the feasibility study were at 
different planning stages, one was only in the pre-
planning stage, while others had come much longer in 
there planning. All construction items have contributed 
to this study and one of the houses was also built during 
the project, which gave good information about 
manufacturing process and assembly of the system.  
 
3.1 CASE 1, STUDENT DORMAITORY, 

SKELLEFTEÅ 

The “Student dormitory” in Skellefteå is two-storey 
building and a conventional building for offices, 
accommodation facilities, kitchen and studio. The design 
is based on a grid with spacing 5460 mm, see Figure .  
 

 
Figure 3: 3D model of first storey, student 
dormitory  
 

The bearing structure was designed by Sumitomo 
Forestry according to Japanese building code. In a 
comparison with the Swedish building code (EC5+NAD) 
it appeared  
that the Japanese building code increases the dimensions   
by 20-30% depending on safety for earthquakes. The 
construction works was completed in December 2009, 
see Figure , Figure , Figure . Drilling and tapping of 
the glulam components was made with a CNC-machine 
originally designed for steel processing. One of the 
issues was if it were possible to achieve the tight 
tolerances required for the system with respect to 
traditional construction methods such as casting of the 
base fundament.    
 

 
Figure 4: Bearing structure  
 

 

 

Figure 5: Student dormitory called STOCK 
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Figure 6:  “Student dormitory”, inside 
 
Description of the construction of the “Student 
dormitory” is documented in the report, "Big Timber 
Frame Construction System: possibility and solutions" 
[1]. Acoustic measurements have been carried out with 
encouraging results in relation to national requirements 
for office buildings [2]. 
 
3.2 CASE 2, INSTITUTE OF ART, UMEÅ  

White Architects had a mandate to plan for new facilities 
on campus in the city Umeå and the Art School’s 
premises, where there was a requirement for big open 
spaces and also the possibilities to use a modular system. 
The building was intended to be a school building but 
also including offices spaces. 
 

 

 
Figure 17: Office building, White Architects, Sweden 
 

 
Figure 28: Big open spaces 
 
The structural design was already made for a building in 
concrete, so an extra design was carried out which 
showed that it was possible to use Big Frame system 
under the assumption that bigger dimensions for glulam 
and steel parts could be manufactured. The building was 
completed in 2011, but with a bearing system of concrete 
but façade cladding was made by wood.  
 

  
Figure 39: Facade made of wood, larch  
 
3.3 CASE 3, RESIDENTIAL BUILDINGS IN 
TIROL, AUSTRIA 

The city of Innsbruck, Austria had plans for building   
three houses, two stories high. There were a lot of 
interests from one of the federal states to use the system 
for residential buildings. The federal own company   
“Neue Heimat Tirol”, NHT, has a number of locations 
where they were interested to test the Big Frame system. 
Architect Goerg Drindel made the drawing and 
illustrations for residential houses.  
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 Figure 10: Residential building, Driendl architects, 
Austria 

 

 

Figure 11: Bearing system, Driendl architects, 
Austria 
 
 
3.3 CASE 4, MUSEUM BUILDING, LYCKSELE, 
SWEDEN  

The city of Lycksele in the northern part of Sweden was 
planning to build a new museum for some years. The 
building was designed with big openings and long spans.  
 
 

 
 

 
Figure 12: Plan and facades of museum, Architect 
Nilsson&Sahlin 
 
  
The design of the building was interrupted during the 
preliminary study because of financial reasons. Anyway, 
it could be established that using Big Frame system for 
buildings with very large openings will require extreme 
dimensions, and probably it will not cost effective 
 
4   MANUFACTURING 

In order to achieve industrial manufacturing of wood 
components for Big Frame system it requires a 
further development of the process and adjusting of the 
machines. The reason for this is that we in Europe have 
different dimensions for glulam, which means that 
existing layouts for machines cannot be used. If the same 
machine is used for manufacture of components for the 
less standardized constructions it will require a machine 
that is flexible so that the beams and columns with a 
large number of dimensions can be used. The project 
examined the ability to create an integrated process for 
the manufacture of threaded holes in the intended wood 
components. In the project the company PROFIX AB 
has designed a machine, fitted for European gluelam 
dimensions, see Figure .     
The cost of a machine according to Figure 13 is 
estimated to about 2 500 000 SEK and 
productionfacilities is estimated at around 2 000 000 
SEK. 
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Figure 13: Layout machine, PROFIX 

5 DISCUSSION AND CONCLUSIONS 

The information to this project is based on four different 
building cases. All cases items have contributed to this 
compilation and one object during the project time has 
been implemented, “Student dormitory” in Skellefteå. 
The other cases were analyzed and compared whit 
traditional building techniques and give us an 
opportunity to evaluate the system and what is needed to 
develop.   
 
5.1 GENERAL  

The building system has a potential for various building 
projects and has numerous advantages but maybe the 
system flexibility should be increased to meeting other 
types of buildings and thereby increase its market 
potential. This is particularly true for areas where 
traditional building techniques is the most common   
choice of architecture. 
 
5.2 MANUFACTURING AND ASSEMBLY  

Big Frame is a system based on big series of similar 
products regarding joints, columns and beams.  In order 
to adapt the system to European conditions, it is needed 
a machinery designed that is as flexible as possible, 
when other dimensions exist in the European market. It 
would also provide increased opportunities to produce 
frames for higher buildings or buildings with larger 
openings. The study has shown that it is possible to build 
such machine to acceptable costs.  

The production control during manufacturing the student 
dormitory show that it is important that holes and 
tapping for joint parts are manufactured with high 
precision. Big Frame system is designed to transfer 
forces into beams and columns through joint parts and 
not through wooden parts. Therefore bad imprecision in 
tapping can cause loss of stability and rigidity of the 
system afterwards. A consideration for a production in 
Sweden is that drilling and tapping machine for beams 
should process part in only one step up to height of 450 

mm would give a more free design and less problems 
deflection.  

 
5.3 CONSTRUCTION ENGINEERING AND 
STATIC DESIGN  

Costs of steel parts are relatively high and optimized 
design is needed for geographic areas where earthquakes 
do not occur. Fixings to the base concrete slab should be 
performed with other type of anchors because the slab 
design in Europe often differs from the design used in 
Japan. As an example extra anchoring was needed for 
anchoring columns in the student dormitory, see Figure 
14: Extra steel-anchoring for columns   
 

 
 
Figure 14: Extra steel-anchoring for columns   
 
The system's small tolerances are no problem to deal 
with for the builders in Europe if they are well informed 
and educated. Weather protection during the 
construction period will probably be a future 
requirement for timber building in Sweden and a 
therefore it is needed to present a well-developed 
weather protection system suited for Big Frame.  
 
In Europe, more and more prefabricated building 
elements are used and a method to integrate the columns 
and beams in the prefabricated walls must be developed.  
 
In Europe it is often required a frame stiffness about 
h/500 and we do not consider the whole structure 
stiffness. This means that the designer must show that 
the stiffness is acceptable to use in the serviceability 
limit state and also minimize damage in ultimate limit 
state. Additional information and development work 
may be needed in this area.  
 
For higher buildings, column-beam system has to be 
supplemented with some kind of stabilization effects by 
walls or stairways. The stabilization of stairways need no 
torque stiffness and Big Frame system loses its 
effectiveness or its eligibility, unless the building plane 
is so large that the more distant frames need to be 
stabilized by Big Frame system.  
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To use the system for higher buildings requires a 
systematic study of: 
•   Effectiveness of the frame with rigid torque column- 
    beam system as Big Frame compared to conventional 
    column-beam system with stabilizing sheets or rods. 
  
•  Limits on the number of floors and building. 
  
•  Use of standard building system (which is the typical 
   architectural designs for residential, office and 
   commercial space). 
  
•  Standard solutions need to be developed when the  
    building is stabilized with; 
   (a) beam-column schemes, in both directions,  
   (b) beam-column schemes, in one direction combined 
   with the record system in the other direction,  
   (c) combined beam-pillar schemes, and system with 
   stabilization sheets in both directions, a model for 
   Figure  needs to be developed and verified by 
   experiment. 
   (d) has no stabilizing staircases (including systems of 
   the type suitable to Big Frame) 
   (e) has a stabilizing rigid floor stairwell and sheets 
   (including conventional beam-column schemes 
   are appropriate). 
  
 

 
 
 
 

 
 
Figure 15: Big Frame structure with and without 
extra sheets.  
   
5.4 ACOUSTICS       

In the feasibility study there has been carried out 
acoustic measurements [2] that show good results for 
office buildings. Impact sound level, Ln,w+CI .50-2500 was 
measured to 38-62 dB and airborne sound level, R´w+C50-

3150 to 37-57 dB. In all cases, except one, it was achieved 
sound Class A for office buildings. Improvement is 
needed if the system should be used as a separating floor 
between apartments.  
 
The explanation for the wide spread of sound insulation 
is the large variation in the type of walls construction, 
insulated walls between the office walls as well as the 
more expensive double frame wall around the studio. 
Although noise measurement and sound insulation 
requirements differ between Japan and Sweden/Europe, 
show these few tests that there is an opportunity to meet 
the requirements in Sweden. Additional development 
work will be needed     
 
5. 4 MARKET AND COSTS 

The material costs for the structure of the student 
dormitory become 40% higher in comparing with a 
traditional timber frame system. Some of the costs are 
expected to be reduced in future projects and in a more 
industrialized process. Improving the manufacturing 
process, construction methods can reduce costs 
significantly. Big Frame system will anyway be slightly 
more expensive than traditional frame systems. 
Comparisons in Japan show that Big Frame system costs 
about 4-6% more than comparable systems but have 
many other advantages. Big Frame system has during the 
last years increased their share of the market in Japan.     
 
The market for three-storey building is small in Sweden 
regarding to the requirement for elevators. Two or four 
storey or higher buildings will therefore probably be the 
most significant market. To financially optimize an 
investment of a manufacturing unit there is a need for a 
big market. It also needs sales offices, demo-houses  and 
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knowledge about building regulation. To achieve this, 
there are a number of opportunities: 
 

  Create a cooperative undertaking in which 
investments is shared between companies,  

  Seek a bigger market in Europe with European 
partners, 

  Look for other market segments. New 
apartments on top of already existing house are 
becoming a bigger market in Europe. Big 
Frame has great advantages when the loads are 
concentrated and can be downloaded as point 
loads, 

  Do it yourself products. Big Frame with their 
ready-made solutions can be a good product for 
the do it yourself market. This is especially true 
in the Nordic countries, where many want to 
build garages and other small buildings by 
them selves. A system of ready-joint solutions 
should be attractive for many customers, 

  By developing systems with larger grid 7.2x7,2 
meters is increasing the use of the system for 
schools- and office buildings. 

 
Generally Big Frame constructions give more  
possibilities to architects. Big Frame allows bigger 
openings, which is a trend in many countries of today. 
A direct comparison with other timber constructions 
methods appears therefore not quite adequate because 
the market for Big Frame systems seems to differ from 
the market for other systems.  
 
In conclusion, this feasibility study demonstrated that: 
 

 That the system is possible to introduce in 
Europe from technical aspects.  

 That it will require major efforts in terms of 
marketing to achieve the volumes that are 
required.  

 That with extra share walls/solutions as a 
complement to the system it is possible to reach 
other markets segments. 

 Quite moderate investments are needed for 
manufacture equipment.  

 That it may require large investments in 
software equipment to achieve an efficient 
design process.  

 That the manufacturing system and the design 
tools have to be more flexible and suited for 
different gluelam dimensions.    
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