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Abstract 
The provisions for developing a beam-and-post building system of glulam are examined for the 
Swedish market. The building system should provide open spaces through long-span floors 
combined with apartment floors, reaching a total height of 5-6 stories. Building multi-storey houses 
in timber requires a strong and stiff stabilizing system assuring safety and comfort for their users. 
Large movements are unacceptable risking damage on interior claddings and even nausea with the 
inhabitants on the upper floors.  
Stabilization can be achieved through diagonal bracing, moment stiff connections or diaphragm 
action. In this work a special stabilizing element based on diaphragm action is proposed. A 
parametric study of the stabilization system against lateral loads for a beam-and-post building 
system is presented based on traditional and numerical analyses. The aim of the paper is to establish 
the limitations for the stabilizing element to function within a multi-storey beam-and-post system. 
The study is a first step towards introducing an optimized beam-and-post building system in timber 
to the Swedish market. 
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1. Introduction 
In 1994 the building regulations in Sweden changed to allow buildings with a timber frame higher 
than 2 storeys. Since then, the development has been rapid and is still ongoing. For multi-storey 
houses in timber, one key issue is a strong and stiff stabilizing system. Stabilization can be achieved 
through diagonal bracing, moment stiff connections or diaphragm action. In this work a special 
stabilizing element based on diaphragm action is proposed. The stabilizing element has a glulam 
skeleton frame with high shear strength Kerto LVL boards glued to its sides. The approach is 
similar to the Structural Insulated Panels (SIPS) developed in USA [1]. 
 
The parametric study presented in this paper is one of the first results of an ongoing PhD project on 
development and optimization of a beam-and-post building system in timber. The building system 
should provide open spaces through long-span floors combined with apartment floors, reaching a 
total height of 5-6 stories. The aim of the study is to investigate and quantify the displacements in 
the stabilizing system based on the special stabilizing element and thereby establish the limitations 
for the use of the stabilizing system.  
 
1.1 Problem description 
 
The study contributes with understanding of the performance of the stabilizing element (SE). The 
structure is exposed only to lateral static forces, representing wind loads. An analysis example is 
taken as a four-storey building with three times two modules in plan, see Fig. 1. As a module, an 8 
m x 8 m unit is understood, with an assumed storey height of 3 m. 
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Figure1: Illustration of considered problem (a) building, (b) a gable wall, (c) structure of SE 
 
In the chosen example of building, just one stabilizing element in each gable wall was assumed, 
providing a very unfavourable load case to simulate a worst case scenario. Earthquake loads are not 
included since in the Nordic countries such loads are not common. 
 
 
 



2. Materials and method 

2.1 Stabilizing elements 
The dimensions of the reference SE were partially pre-defined, since the element was preliminarily 
tested in a two-storey pilot residential building built in Töreboda, Sweden in autumn 2007.  The 
reference SE is 2.5 m wide since this is the maximal possible width of the element determined by 
the production capability for Kerto panels. The element is continuous over the height and thus 
“four-storeys high”, which in this case equals 12 m. Continuous stabilizing elements are possible 
with regard to both production and transport requirements. Even for six-storey building the 
dimensions of the SE will not exceed the limitations for dimensions of transported loads according 
to Swedish standard.  
 
The inner skeleton of a stabilising element is made of glued laminated timber in class L40, 
according to Swedish designation, a typical sort of wood used for construction purposes. Sheathing 
of SE made of Kerto-Q, a product of Finnforest in Finland, is applied on both sides of glulam 
skeleton. Kerto-Q is a laminated veneer lumber with a high lateral bending stiffness due to a 
specific structure where one fifth of the veneers are glued crosswise. In conventional analysis, the 
timber materials are treated as elastic transversely isotropic materials with different elastic 
properties parallel and perpendicular to the fibres. The Table 1 presents the material properties 
provided by literature [2] and information from producer. The values marked in table with bold 
italic text were used in hand calculations.  
 
Table 1: Mechanical properties of the used material 
 

Elastic modulus
[N/mm2]

E L =14000 ET=500 ER=800 E L =10590 ET=2967 ER=244.6

Shear modulus
[N/mm2]

GLR=800 G LT =500 GRT=60 GLR=147.5 GLT=500 GRT=48.9

Poisson's ratio nLR=0.02 nLT=0.02 nRT=0.45 nLR=0.02 nLT=0.02 nRT=0.68

Glulam L40 Kerto-Q

 

2.2 Traditional analysis 
The parametrical analysis of the deformations of the stabilising element was performed in 
serviceability limit state according to Eurocode 5 [3]. To perform the calculations, the stabilizing 
element was assumed to be a cantilever beam loaded with four vertical forces representing wind 
load transferred to the SE through beams, see Fig. 2. The cross-section of the beam is a composite 
box with flanges of glulam and webs of Kerto boards.   
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Figure 2: The static model for hand calculations (a), A-A section (b) 



 
In the analysis of the beam deformations, the maximum deflection δmax at the end of cantilever 
beam was calculated taking into consideration deformations due to flexure and shear, Formula 1.   
 

shearbending δδδ +=max                                                                                                                        (1) 
 
Formulas for calculating the flexural deflection of a cantilever beam under concentrated loads 
placed along the beam are available e.g. in [4]. Deflections caused by shear forces applied to the 
beam were calculated according to simplified graphical method presented in [5]. 
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 Figure 3: Graphical method used for calculation of displacements due to shear 
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Simplifying formula (3) for the considered beam loaded with four concentrated loads Fi, we obtain: 

∑
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In the above formulas T represents the integral, V - a shear force, G - a shear modulus of the 
material, A – an area of the cross-section and k is a shape factor for the cross-section of the beam. 
For a rectangular cross-section k equals 6/5.  

2.3 Finite element model 
A number of three-dimensional numerical models were developed using ABAQUS finite element 
software (version 6.7-1). Models represent different variants of SE with two 90 mm wide inner 
glulam posts. The stabilising element is modelled in ABAQUS as an assembly of hexagonal (Hex) 
solid elements with reduced integration. 
 
In the models, the loads were applied as pressures on surfaces equal to the area of the cross-section 
of a beam, to simulate the transfer of forces from wind loads through beams. The glued connections 
between inner posts and Kerto sheathing were modelled as constraints, since such a connection can 
be treated as fully integrated [6].  
 
Both glulam and Kerto were modelled in ABAQUS as linear elastic orthotropic materials with 
material data according to section 2.1. Additional boundary conditions have been applied to all 
models to eliminate the risk for appearance of out-of-plane buckling of Kerto webs. 
 



                    
Figure 4: Numerical model 

2.4 Parameter study 
The shear capacity for shear walls is dependent on such variables as thickness of the sheathing and 
spacing of nailing and framing, [2]. In the considered case, where the connections between skeleton 
and outer layers are glued, the nail spacing is not a valid parameter. Thickness of the Kerto-Q 
panels was used as a parameter in the analysis with three different values.  
Another geometrical feature that was taken into consideration was the cross-sectional height of the 
glulam posts of the skeleton, where three different values were tested. 
Following the recommendation of varying the frame spacing, the effect of applying a third inner 
post was checked.  The cross-section of the third middle post is 90mm x 90mm, hence the 
designation of the parameter. Table 2 describes the parameters used in the study and their values. 
 
Table 2: Parameters included in the study 
 

Name of the
parameter Description

t thickness of the sheating 27 mm 33 mm 39 mm
b height of the inner post 270 mm 315 mm 405 mm

 +90x90 additional inner post 0 1  -
B width of the whole SE 2.5 m 1.25 m  -

Tested values

 
 
Figure 5 illustrates the cross-section of the reference SE, assumed with the same dimensions as for 
the SE used in the demonstrator house, and another cross-section with marked parametrical 
features. 
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Figure 5: Analyzed reference cross-section (a) and parametrical cross-sections of SE (b) 

3. Results  
In this study, a special stabilizing element based on diaphragm action was analysed by means of 
analytical and numerical methods. According to [7], buildings with timber bearing structures in 
Sweden should fulfil the requirement of a maximum horizontal displacement of H/500, where H 
stands for the height of the wall. For the example stated in section 2.1, the limit is 12000/500 = 
24mm. 
 
Table 3: Results for parametric analysis 
 

δmax [mm] Percentage δmax [mm] Percentage
Share of 

shear
deformation

t = 27 mm 61.9 100% 72.6 100% 36%
t = 33 mm 54.9 88.7% 63.2 87.1% 40%
t = 39 mm 49.7 80.3% 56.0 77.1% 42%

b = 270 mm 61.9 100% 72.6 100% 36%
b = 315 mm 58.8 95.0% 69.5 95.7% 32%
b = 405 mm 54.1 87.4% 64.6 89.0% 30%

 +90 x 90 19.7 31.8% 70.3 96.8% 34%
 +90 x 90

(finer mesh) 24.3 39.3%  -  -  -

B=2,5 m 61.9 100% 72.6 100% 36%
B = 1,25 m * 197.3 318.7% 151.6 208.8% 28%

Additional inner post in the middle

Width of the whole element

Parameter

Numerical analysis Hand calculations

Web thickness (Kerto-Q)

Width of inner posts 

 
*) For the half width SE half of the load was applied. 
  
The main effect in decreasing the displacement of the beam by about 60% was achieved by 
applying the third inner post in the middle of the stabilising element. Even with the thinnest Kerto 



panels and smallest outer posts, the maximal deformation of the structure exceeds just slightly the 
posed limit of H/500.   
 
The analyses reveal also that increasing the thickness of the Kerto-Q LVL panels decreases the 
displacement with 12-20% on increasing the bending stiffness of the stabilizing wall. Increasing the 
size of the inner posts decreases the displacement with only 5-13%.  
 
The displacements obtained from the conventional beam analysis exceed the results from the 
numerical analysis about 20%. The displacements due to shear have a meaningful influence on the 
results of hand calculations. They comprise between 30-42% of the total deflection of the beam. 
 
The conventional calculations include the additional post only as an additional value in the second 
moment of inertia of the whole cross-section. This does not have a meaningful influence, since the 
post is in the middle of the cross-section and leaves a very small contribution to the second moment 
of inertia.  

4. Conclusion and discussion  
The overall conclusion from the study is that the key to increasing the stiffness of investigated 
stabilizing element appears to be by applying a third inner post in the middle of the element. 
 
In the presented study the stabilizing elements were analyzed as singular elements. However, they 
are meant to stabilize the bearing structure of a building, which implies that interactions between 
members of the system and three-dimensional effects should be taken into consideration. The 
effects of load distribution in the whole beam-and-post system need to be investigated.  
 
An analysis of an SE with half the reference width and half the load showed that the element 
deforms strongly, Table 2. However, maybe in case where the three-dimensional behaviour was 
included, the application of two narrow SEs instead of one wide would possibly be more favourable 
for the system from an architectural point of view. The following configurations, presented on the 
Figure 6, may be considered in the future analysis. 
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Figure 6: Configurations of narrow SEs suggested for future analysis. 
 
Otherwise, one recommendation for future work is to estimate the area of SE per area of the walls 
of the building in terms of future standardization.  
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