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ABSTRACT: Due to changes in the Swedish design code in 1994, timber construction is no longer limited to two-
storey buildings. This change has created an attractive market for multi-storey timber structures. A Scandinavian glulam 
manufacturer, Moelven Töreboda, started in 2007 to develop a new beam and post building system in timber for multi-
storey buildings with the Swedish commercial name, “trä8”. For “trä8”, the stabilising system is based on prefabricated 
wall panels placed at a few locations in the building. The stabilising elements consist of double sheathing of LVL 
Kerto-Q boards glued and screwed to a glulam frame. The panels are typically of 2.4 m width and continuous up to four 
storey height. The elements are fixed to the foundation by using special anchoring devices, which include threaded rods 
glued-in lengthwise in the timber member. In this paper, an introductory experimental study of the efficiency of this 
prefabricated wall panel used as a stabilising element is reported. Experimental results from full-scale testing of the 
racking performance of the stabilising element including the anchoring device are presented. The study, which focuses 
on the stiffness and the serviceability state, demonstrates that the presented wall panel elements, as part of a beam and 
post system for multi-storey buildings, have the potential to provide the necessary horizontal stability for the building. 
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1 INTRODUCTION 123

1.1 BACKGROUND 
In the early 1990’s, the Swedish building regulations 
changed to allow constructing timber buildings taller 
than two storeys. This change has initiated a rapid 
development of the design of multi-storey timber 
buildings, which is still on-going. Since Sweden is a 
country with a very long tradition of building in timber, 
this new potential for the development of higher timber 
buildings has been very attractive.  
A number of Swedish companies have developed 
systems for multi-storey buildings based on solid wood 
panels or on prefabricated volumetric modules (utilizing 
the light frame system), both used most commonly for 
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residential buildings. Both these systems can be adjusted 
to other types of buildings, but only to some extent. 
Many non-residential types of buildings require larger 
spans or more open spaces. The volumetric module 
system has the weakness that the dimensions of the 
modules must be restricted, e.g. with respect to span 
lengths, due to transportation limitations. The solid wood 
panel system is more flexible in this matter, but instead 
the cost for such long span constructions might be too 
high.  
There was a need for creating a system suitable for non-
residential buildings, such as offices, commercial areas 
and others. The system should offer large flexibility for 
the architectural design, open spaces and possibility to 
use e.g. large glass sections or non-bearing inner walls.  
Since autumn 2007, a research project is ongoing at 
Luleå University of Technology to evaluate the beam 
and post building system for multi-storey timber 
buildings, with the Swedish name “trä8”, developed by 
the Scandinavian glulam manufacturer, Moelven 
Töreboda. Beam and post systems are frequently used in 
concrete and steel structures. A system based on 
engineered wood products offers an environmentally 
friendly alternative and its lightness opens up for 
erection on less stable soils. The timber beam and post 
system trä8 comprises of a range of products involving 
elements of the main structural load-bearing system, 
such as continuous columns, beams, prefabricated 



stabilising elements (composite wall panels), 
prefabricated floor cassettes and roof elements, Figure 1. 
The whole concept is based on the old well-known 
building system, but the new type of wall panel elements 
provide an innovative stabilising system and an 
integrated conceptual design, which enables time 
efficient and weather protected assembly of the building. 

Figure 1: Illustration of the structural system for the 
building

The prefabricated wall panels comprise of double LVL 
sheathing on a glulam frame (cf. Figure 6). The sheets 
are both glued and screwed to the frame to enhance the 
stiffness of the element. The panels are designed as 
continuous elements for up to four-storey high buildings. 
The panels are filled with insulating material (e.g. 
mineral wood), similar to the structural insulated panels 
developed in North America (SIPs) [1]. 
An integral part of the wall panel is the special anchoring 
device at the bottom of the element to tie it down to the 
foundation. This device includes threaded rods glued-in 
lengthwise into the framing member of the panel. They 
are connected to a steel profile, which in turn is anchored 
to the foundation. 
The stabilising concept of the trä8 system is based on 
these prefabricated wall panels being combined in 
different configurations to provide an efficient stabilising 
system for the building (cf. Figure 2). The continuity of 
the panel and the fixing to the foundation lay high claims 
on the strength and stiffness of both the panel and the 
anchoring system.  
As such structure is a sort of novelty, to achieve accurate 
and economic design of stabilising walls in the future, 
their performance needs to be investigated.  

1.2  OBJECTIVES 
The purpose of this paper is to examine experimentally 
the behaviour and effectiveness of the stabilising wall 
panels including their anchoring devices with respect to 
the stiffness when subjected to static racking loads. 
Load-displacement results from full-scale testing are 
presented and evaluated only with respect to the 
horizontal displacements in the serviceability limit state. 
The results are compared with some recommended 
values for acceptable horizontal displacements.  

2 EXPERIMENTAL STUDY 
2.1 GENERAL
Three stabilising elements were tested in the Complab of 
the Department of Civil, Mining and Environmental 
Engineering at Luleå University of Technology. Each 
specimen was subjected to a racking load in both 
directions to subject each side of the panel to uplifting 
forces. 
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Figure 2: Plan of the ‘model’ building 

The design of the wall elements was based on a four-
storey model building representing an actual structure, 
Figures 1 and 2.  The model building comprised of 3 � 2 
square modules in plane, each having dimensions of 8 m 
� 8 m. At each of the six T-intersections in the building, 
stabilising elements connected in T-shaped forms were 
placed. The most severe wind load was assumed 
according to the Swedish design code, BKR 99, and the 
wall element loaded with the highest racking load was 
chosen to be represented in the experiments.   

2.2 TEST SET-UP 
The racking tests of the stabilising walls were performed 
in a horizontal position according to Figure 3. The fixing 
of the steel I-unit of the anchoring device (HEB 180) to 
the foundation in a real situation was simulated in the 
tests by connecting it to the steel frame (test rig) via a 
steel tube (Detail 1 in Figures 3 and 7). This introduced 
some more flexibility of the tie downs in the test 
situation than in practise. The steel frame (test rig), that 
was fixed to the floor by screwing, also showed some 
flexibility. The specimen was supported from below 
against out-of-plane buckling by rollers at approximately 
two thirds of the height of the wall element (Figure 3). 
The out-of-plane displacements upwards were measured 
at the top corners of the specimen. The influence of dead 
weight was neglected, which in a real situation would 
counteract the uplift of the structure [2]. 
The racking load was applied at the top of the wall 
element through a distributing steel beam (Figure 3). 
This steel beam was screwed to the framing members at 
the top of the wall panel from both sides and, thereby, 
stiffening the top end of the wall (Detail 2 in Figures 3 
and 4). Hence, the load was applied at the upper edge of 
the wall. The end of the actuator was fixed to the end of 



the load distributing beam (Figure 4) and, thereby, 
restraining somewhat the free movement of the wall 
during the loading.  

The main objective of this study was to evaluate the 
displacements of the stabilising system and, therefore, 
in-plane displacements were measured in different 
directions on the edges of the corners and of the 
anchoring device, Figure 3.  
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The racking load was applied twice on each specimen, 
one in each direction (by “pushing” or by “pulling”) and, 
thereby, introducing tensile forces in the anchoring 
device on each side of the wall (Figure 5). The first 
sample was subjected to several loadings before the final 
load-displacement curve was registered, since too large 
deformations occurred in the steel frame and the 
experimental set-up needed to be corrected and 
strengthen. This might have influenced results of the 
final tests in the two directions performed on this 
sample. 
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2.3 SPECIMENS
Full-scale test specimens were used, since the timber 
wall panels including the anchoring devices are very 
difficult to scale down. Due to limitations in the 
laboratory, the length of the wall panels was chosen as 
half the height of a 4-storey building (6 m).    
The design of the stabilising wall element and its cross-
section are shown in Figure 6. The framing members 
were glulam beams (Swedish class L40, approximately 
European class GL28) and the sheathing laminated 



veneer lumber (LVL) boards (27 mm Kerto-Q boards, 
where 20 % of the veneers have crosswise direction).  
The dimensions of the outer vertical framing members 
were 160 � 360 � 5820mm, the intermediate one 160 �
225 � 6000mm, and the horizontal members 160 � 225 �
728mm. No framing joints were provided between the 
vertical and horizontal members. The sheathing was 
glued and screwed to the framing members on both sides 
using the adhesive, Resorcinol Casco base 1719 hardener 
2619 and the screws, Heco TFT Protect 4 6.0�80, with a 
centre distance of approximately 300mm.  
The specimens were produced in the glulam factory of 
Moelven Töreboda, Sweden, the manufacturer of the 
system.  
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Figure 6: Design of the stabilising wall panel and its 
cross-section

For convenience, the nominal material properties of the 
engineered wood products used in the specimens are 
shown in Table 1 (as reported by the manufacturers 
Moelven Töreboda AB for the glulam and Finnforest 
Finland for the LVL). 

Table 1: Nominal mechanical properties of the used 
materials 

Glulam L40 
Elastic modulus 

[N/mm2] EL = 14000 ET = 500 ER = 800 

Shear modulus 
[N/mm2] GLR = 800 GLT = 500 GRT = 60 

Poisson’s ratio �LR = 0.02 �LT = 0.02 �RT =0.45 

Kerto-Q
Elastic modulus 

[N/mm2] EL=10590 ET=2967 ER=244.6 

Shear modulus 
[N/mm2] GLR=147.5 GLT=500 GRT=48.9 

Poisson’s ratio �LR=0.02 �LT=0.02 �RT=0.68 

2.4 ANCHORAGE SYSTEM 
The anchorage system comprises of a steel profile 
attached to the outer framing members with glued-in 
threaded steel rods and to the concrete foundation with 
corresponding encasted steel rods. In the test situation, 
the concrete foundation was replaced by a steel tube 
connected to the test rig as shown in Figure 7. In each 
connection there were six rods (M24, 8.8) of 24 mm 
diameter and 300 mm embedment length. The holes 
drilled in the glulam members had a diameter which was 
1 mm larger than the diameter of the rods. The gluing-in 
process was done by injecting the mixed adhesive and 
hardener into the hole and screwing in the rod and, 
thereby, pressing out the glue and distributing it along 
the rod (using the adhesive, Casco PU Bond CR 421). 
The glued-in rods were assembled to the glulam beams 
in a horizontal position. 
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Figure 7: Anchorage detail in the testing situation

In the steel profile (with I-shaped cross section, HEB 
180) oval holes were drilled to facilitate the fitting of the 
screws to the steel member. The flanges of the steel I-
beam were stiffened by welding 10 mm thick steel plates 
to both ends of the profile. 
The glued-in rods and the steel profiles were assembled 
in the factory by Moelven Töreboda. 



3 RESULTS  
3.1 GENERAL OBSERVATIONS 
Generally it was observed that the tested walls have a 
large stiffness (5-41 kN/mm), Figure 10. The specimens 
exhibited close to linear behaviour, the visible 
nonlinearity occurred mainly just prior to failure. The 
wall panel itself behaved in a stiff manner and no major 
damage was observed during the experiments. The 
failure that was of a brittle character in all cases but one, 
was caused by pull-out failure of the rods out of the 
timber member. The glued-in joints failed mainly 
through shear around the rods, either along the surface of 
the adhesive or in the timber as shear blocks, see Figures 
8 and 9.  
According to Figure 10, the applied failure load varied 
between 98.4 kN and 171.3 kN, which corresponds to a 
tensile load per anchoring device between 213 kN and 
370.8 kN. In test no. 3-1, where the highest failure load 
was attained, the glued-in rod joint did not fail.  
The design value of the horizontal load, calculated 
according to the Swedish design code BKR 99 is equal 
to 65.8 kN, which corresponds to a pull-out force at the 
anchoring device equal to 96.8 kN. 

Figure 8: Failure of the glued-in rod joint  

Examining the individual pulled-out rods revealed that 
the load-bearing capacity of the joints was related to the 
gluing quality of the rods. The effective adhesive area 
was estimated to 46 – 88 % in comparison to the target 
value of 100%. This implies that the distribution of the 
adhesive around the rods during the manufacturing of the 
joints were unsatisfactory and gluing process need to be 
improved. 

Figure 9: Failure characteristics and quality of gluing   

It was observed during the experiments that the 
deformation of the specimens was accompanied by 
noticeable jarring sounds. This may have been caused by 
the relative movement between the framing members of 
the wall panel, because there were no framing joints 
connecting them. It seems advisable to use framing 
joints in the wall panels.  

3.2 LOAD-DISPLACEMENT RELATIONSHIP 
The relationships for the load versus the displacement of 
the top end of the wall panels are presented in Figure 10.  
The first number in the designation of the curves 
represents the number of the specimen, and the second 
one stands for the loading direction (Figure 5). The 
results presented in Figure 10 include only the 
displacements and deformations of the stabilising wall 
panels with the anchoring devices themselves, i.e. 
displacements and deformations in the test rig have been 
subtracted from the registrations shown (see section 4). 
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Figure 10: Load versus top displacement for the different 
tests

4 ANALYSIS 
One of the objectives of the experiments was to study the 
stiffness of the stabilising wall panel represented by the 
displacements in the serviceability limit state (evaluated 
at a level of 40% of the ultimate load).  
Figure 11 present curves representing the horizontal 
displacements of the wall as a function of the height (as 
mean values of the measured horizontal displacements at 
the two vertical edges of the wall). The top 
displacements vary between 2.0 and 12.3 mm. The 
average curve for all tests is also shown in the figure.  
These experimental curves are compared to the 
corresponding recommended curves, h/300 and h/500 
[3]. It is evident from figure 11 that the horizontal 
displacements of the stabilising wall panel are within the 
most conservative acceptable values h/500 for the 
serviceability limit state. This indicates that the stiffness 
of the stabilising wall element is acceptable.  
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Figure 11: Horizontal displacements as a function of the 
height of the wall panel tested (at the serviceability limit 
load of 40 % of the ultimate load) 

The horizontal displacements are composed of the 
bending and shear deformations of the stabilising wall 
panel itself and the deformations in the anchoring 
devices causing tilting of the element (Figure 12a-c), cf. 
[4]. Due to the flexibility of the test rig and of the 
connecting elements used for the fixing of the wall panel 
to the test rig (local deformations in the steel tube and in 
the steel plates of the test rig), some unintentional 
rotation and translation take place related to the test rig 
(Figure 12d-e). The translation due to the test rig and 
fixings varied between 2 and 6 mm.  

The horizontal displacement shown in Figures 10 and 11 
have been evaluated as the registered horizontal 
displacement minus the effect on these displacements 
from the rotation and translation of the test rig and its 
fixings,   

bend shear tiltwall reg rot transl( )� � �� � � �� � 	 
 
 (1) 



(e)(d)

(a) (b) (c)�shear �bend �tilt 

�rot �slip 

Figure 12: Illustration of displacement modes and 
components 

During testing no tendencies for out of plane buckling or 
buckling of the sheathing were observed. However, 
some out of plane displacements at the top corners of the 
wall panel were measured. At failure load they varied 
between 1 and 8 mm and at serviceability limit load they 
varied from 0.1 to 1.6 mm. 

5 DISCUSSION 
In the Swedish and European design codes, there are no 
clear recommendations given regarding acceptable 
horizontal displacements for timber buildings. It is up to 
the builder and the designer to judge what is acceptable. 
For the moment, the conservative criterion h/500 can be 
used (as suggested in the German DIN code) or the less 
conservative value h/300 (as given in an earlier 
preliminary version of Eurocode 5) [3]. It can be 
discussed whether these criteria are applicable also for 
buildings with many storeys. There is a need for a closer 
study with respect to serviceability limit criteria for the 
design of horizontal stability of timber buildings. 
The stabilising wall panel including the anchoring device 
should be studied also with respect to the ultimate limit 
state. Joints with glued-in rods lack clear design 
guidelines and there are no recommendations given in 
Eurocode 5. Although research on these connections has 
been going on since the 1980’, the influence of different 
material and geometrical parameters on the behaviour 
and strength of these joints is not yet made clear and, 
therefore, no reliable design method is available [see e.g. 
5, 6]. Especially, multiple rod connections have not been 
used or studied extensively. 
With respect to strength, the results of the present study 
for the joints with glued-in rods exceeded the expected 
pull-out capacity. However, the failure loads varied 
much and the failure mode was brittle. Therefore, the 
anchoring device should be studied in detail by 
conducting separate tests to find out the relationships or 
balance between the different parameters to attain a more 
ductile behaviour of the joint. The decisive parameters 

are then the strength and stiffness of the adhesive, rod 
and flanges of the steel I-profile.  
To calculate the strength and stiffness of the stabilising 
system, especially for higher buildings where the height 
of the wall panel makes it impossible to test it in full 
scale, it is necessary to also perform separate tests on the 
composite wall panel itself. 

6 CONCLUSIONS AND FURTHER 
RESEARCH 

Results of static racking tests on a special stabilising 
timber wall panel have been presented. The stiffness (on 
an average, 16 kN/mm) and the horizontal top 
displacement (less than 12 mm for a 6 m long wall 
panel) indicate that the stabilising wall panel have the 
potential to be successfully used in the stabilising system 
of buildings built with this specified beam and post 
system.  
Generally, the tested stabilising wall panel shows high 
strength and stiffness. The anchoring device behaves 
properly, except for the joints with glued-in rods. The 
load-carrying capacity of the joint seems to be adequate, 
but it is subject to large scatter and the failure mode is 
brittle. A detailed study should be conducted in order to 
find out a design of the anchoring device that exhibits a 
ductile behaviour. Also, other types of anchoring devices 
should be studied, e.g. by using nailing plates. 
Analytical models will be developed and finite element 
simulations performed with respect to the stabilising 
wall element including the anchor device.  
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