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Innovative approach for in-situ studies of mechanical properties with  X-ray micro tomography (µCT ) 

INTRODUCTION AND AIM OF THE WORK 
Analysis of materials exposed to gradually increasing loads in steps can provide 
detailed information of material microstructural changes under loading conditions 
[1]. µCT has proven to be an effective method for observation of anatomical 
characteristic of wood [2, 3] and in-situ µCT testing of wood has already been 
successfully used [4-6]. 
Aim of the presented work is to show the versatility of the existing research 
equipment and its use in a novel way. We have demonstrated that simple and 
cost-effective upgrades of the existing equipment can extend its purpose.  
Main goal of the study was to assess the damage in surface layer and the 
deformation of the wood below the indenter. 
 

TEST  APPARATUS 
3D X-ray µCT (Xradia, USA), using CCD camera equipped with optical 0.39X 
magnification objective was used. Achieved resolution was 22 µm. 1600 
micrographs were obtained between 90° and -90° with the exposure time of 2 s at 
80 V and 7 W of power. µCT was equipped with the in-situ chamber Deben CT500 
(Deben, UK) with a 500 N load cell. In-situ chamber was set to reach 300 N of 
compression force, and to hold constant position when the 300 N goal was 
reached. This minimised sample movement during image acquisition. 
Reconstruction was made using the XRMrecenstructor software (xRadia, USA). 
Image processing programme Avizo Fire (Thermo Fisher Scientific, USA)  was used 
for image processing, measuring indentation diameter and depth of the 
indentation. 
 
 
 
 
 
 
 
 
 
  
 

 

 
 
 
 
EXPERIMENTAL DESIGN 
We propose the »hybrid« use of in-situ equipment in compression mode, with a 
special tool mounted in top tensile yaw (Figure 1). The developed indenter holder 
(Figure 2) with 5 mm diameter ball was fixed in the top tensile yaw and used for 
hardness testing according to Brinell procedure. Compression plate was fixed on 
the bottom of the chamber.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MATERIALS 
We have used polyoxymethylene (POM) indenter ball that we pressed with 300N 
into the surface of European beech wood (Fagus Sylvatica). Surface of the wood 
was coated with 1K polyurethane varnish (Amal, SI) as required by the producer.  

TEST RESULTS  
From the reconstructed model of the indented sample we measured the indentation. It is 
common that the indentation of the ball on the wood substrate is not perfectly round but 
elliptical instead. 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
On the obtained image of the sample, the region of increased density directly below the 
indenter is clearly visible, besides that, the deflection of the wood tissue in subsurface region 
is also visible (yellow arrow in Figure 4). A major advantage of the presented in-situ 
methodology compared to conventional hardness testing methods is that it allows 
observation of the deformation beneath the surface. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
CONCLUSIONS 
 In-situ stage can simply be utilized to perform different mechanical tests.  
 Dimensions and geometry of the indentation can be measured accurately and visual 

interpretation with image processing software is simple. 
 Presented methodology can be utilised in many fields of science and production. 
 Indenter holder can be made of different materials (i.e. ceramic, metal, plastic, glass) or 

shapes. 
 Contrast agents can be used to achieve sufficient contrast between the sample and the 

indenter.  
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Figure 2: Technical drawing onthe left side and bras holder for 5 mm indenter 
ball on the right.  

Figure 4: Cross view of the indentation, showing depth of the indentation  
and deflection of latewood (yellow arrow). 

Figure 3: Measured dimensions of the indentation on the 3D model (left) and on the 
top view (right). 

Figure 1: Top jaw with indenter in place (left), bottom plate with sample 
(middle) and mounted in-situ stage (right). 
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