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BACKGROUND  

Increasingly taller and larger timber buildings have become more common. Currently, a 20-storey hotel 
tower made of cross-laminated timber is under construction in Skellefteå, Sweden. For construction, 
strength-graded timber with predictable mechanical properties is required. Commonly, strength-grading is 
done by heuristic methods based on indicating properties which are derived from various measurements, 
e.g. X-ray, laser scanning and recently also computed tomography (CT) scanning. The available grading 
methods exploit only a small fraction of the potential strength of timber boards. More accurate strength 
prediction could increase the efficient use of timber and enable the production of high-strength timber. 

In Sweden, timber strength classes are derived from a four-point bending test (European Committee for 
Standardization 2012). Typically, failure is initiated by cracks which originate in or around knots, where 
the local fibre orientations severely diverge from the orientation in clear wood. Mechanical models 
accounting for the exact fibre orientations and stiffness in the board could in theory predict bending 
behaviour and failure initiation (Lang and Kaliske 2013). So far, endeavours to create such models have 
been based on data from surface scans of boards where the tracheid effect was used to elicit the fibre 
orientation (Hu et al. 2018). Derived 1D (Hu et al. 2015) and 3D (Lukacevic et al. 2019) finite element (FE) 
models could predict local bending stiffness variations with high accuracy. Approaches exist to also predict 
failure and crack propagation in wood by 3D FE models (Lukacevic et al. 2017). 

Since the existing approaches used data from only the board surface, the properties inside the board volume 
had to be reconstructed, e.g. by interpolation or by a mathematical description of the growth surfaces of the 
tree (Foley 2013). CT scan data provides rich information about the density variations inside the volume of 
a board, e.g. early- and latewood, knots and pitch pockets. So far, this source of ample data has not been 
used for mechanical models. The goals of this study are therefore to 

• develop an approach to create 3D FE models based on CT images of dried timber boards, 
• simulate bending tests on the models and calibrate the results to physical tests, and 
• predict the mechanical properties of boards outside the tested sample. 
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MATERIALS AND METHODS 

The material consisted of 20 boards (picea abies, 50 mm x 100 mm) of various lengths (above 4 m) which 
were scanned using a laboratory high-resolution medical CT scanner. Scans were taken every 10 mm along 
the length and the cross-sectional resolution was 0.68 mm / pixel. Every board underwent a longitudinal 
eigenfrequency measurement to determine the dynamic modulus of elasticity, and a standard four-point 
bending test where the force and displacement was recorded until structural failure. 

An algorithm in the Julia programming language (Bezanson et al. 2017) was developed to a) reconstruct the 
geometry of each board, b) derive the local fibre orientation using image analysis methods and c) generate 
a 3D FE mesh to discretise the geometry. The FE software Abaqus 2018 (Dassault Systémes Simulia Corp. 
2017) was used for analysis. Orthotropic material behaviour was assumed and in each integration point, the 
stiffness tensor was dependent on the locally measured density value, and the local longitudinal (L), radial 
(R) and tangential (T) material directions corresponded to the elicited fibre orientations.  

RESULTS AND DISCUSSION 

Fig. 1 illustrates the developed approach for creating 3D FE models from CT images; the density values 
from the CT images are used to reconstruct the fibre orientations and to derive an FE model to simulate a 
virtual 4-point bending test. The simulation results serve as a base for predicting stiffness and strength. 

 

Figure 1: Creation of  3D FE models from CT data: a) raw CT data, b) reconstruction of fibre orientation and the local material 
directions (L, R, T), c) FE model with density values plotted, d) virtual bending test with stress values plotted 



The developed approach could reliably generate realistic models from the scanned boards. Currently, the 
stiffness tensor and the failure criterion are calibrated against the laboratory bending tests (see  Figure 2) 
and the eigenfrequency measurements. 

 

Figure 2: Typical failure by cracking in the vicinity of a knot during the four-point bending 
test of one of the studied boards 

CONCLUSIONS 

Based on CT images, the developed approach can reconstruct the geometry of the board, and the local fibre 
orientations in the entire volume. The information can be applied in 3D FE models to simulate the bending 
behaviour of the scanned board. The developed approach works for dry boards, but it provides a foundation 
towards extending it to treat also wet boards and finally unsawn logs. In the future, this approach may enrich 
the capabilities of industrial CT scanners to predict the stiffness and strength of virtual boards before sawing. 
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