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Laboratory X-ray tube-based microscopic computed 

tomography (XµCT) is a non-destructive and non-

invasive technique that can be used to study wood 

with a spatial resolution of about 1 µm (micron) for a 

1 mm wide specimen. With the right resolution, 

XµCT can capture the high variability of the 

tracheid’s shape (length, diameter, shape) and 

therewith the density, moisture flow, and hygro-

mechanical behaviour of wood. 

 

XµCT aided finite element (FE) modelling uses 

XµCT data for the characterisation of key 

engineering properties needed for modelling. The 

method usually includes the definition of the FE 

model’s geometry, meshing, and fibre orientation 

based on XµCT data [1]. The research conducted on 

XµCT aided FE modelling of wood is brief. In [2], 

this method was used to study the mechanical 

behaviour of a phenol-formaldehyde adhesive bond 

line, which connected two types of poplar (Populus 

trichocarpa and Populus deltoides), through a 

combined effort of FE analysis and material point 

method. In [3], XµCT aided FE modelling was used 

in conjunction with a reference volume element to 

study the hygro-expansion of polylactic acid (PLA) 

reinforced birch pulp. Finally in [4], the method was 

used to determine the conductivity and diffusion 

coefficients of Norway spruce.  

 

When applying XµCT aided FE modelling to 

materials, the focus of research is often on specific 

steps within this process, such as the segmentation, 

the fibre reconstruction, and the model definition, 

while the importance of, for example, the 

experimental design and the verification of mesh 

quality is neglected. Recently, in the field of material 

composites, a need for a process methodology is 

reported that can aid in minimising errors between 

and within each step that make up the XµCT aided 

FE modelling process by means of automation [1]. 

 

In the present study a methodology is presented for 

the XµCT aided FE modelling of wood. This 

methodology consists of several steps, such as 

specimen sourcing, specimen preparation 

(heterogeneous microstructure), XµCT scanning, 

image reconstruction, segmentation, mapping, 

meshing, FE simulation, predicting engineering 

properties (calibration), and industrial application 

(validation). To automate this process and minimise 

errors, the study aimed at using state-of-the-art image 

analysis methods, and combining fast, accurate, and 

repeatable data transfer made possible by adopting 

commercial image processing and FE software. The 

developed methodology was used to study the 

swelling behaviour of compression wood found in 

branches of Norway spruce.   

 

 
Figure 1: Three-dimensional rendering of a wood 

specimen using µCT images with a pixel size of 3 µm, 

where EW indicates earlywood and LW indicates 

latewood 

 

References 
 

[1] Auenhammer, R.M., L.P. Mikkelsen, L.E. Asp, and B.J. 

Blinzler, Automated X-ray computed tomography 

segmentation method for finite element analysis of non-

crimp fabric reinfoced composites. Composite 

Structures, 2021. 256: p. 113136. 

[2] Kamke, F.A., J.A. Nairn, L. Muszynski, J.L. Paris, M. 

Schwarzkopf, and X. Xiao, Methodology for 

micromechanical analysis of wood adhesive bonds 

using X-ray computed tomography and numerical 

modeling. Wood and Fiber Science, 2014. 46(1): p. 15-

28. 

[3] Fortino, S., M. Sippola, T. Andersson, K. Immonen, A. 

Miettinen, and P. Hradil, X-ray mico-tomography 

based FEM modelling of hygroexpansion in PLA 

composites reinforced with birch pulp fibers. 

Rakenteiden mekaniikka, 2017. 50(3): p. 131-136. 

[4] Hachem, C.E., K. Abahri, J. Vicente, R. Bennacer, and 

R. Belarbi, Hygromorphic characterization of 

softwood under high resolution X-ray tomography for 

hygrothermal simulation. Heat and Mass Transfer, 

2018. 54: p. 2761-2769. 


