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Summary: We present X-ray CT of a dry or wet tuff stone specimen under uniaxial compression. The 

obtained CT data were analyzed using a digital volume correlation software to determine the 

displacement and strain fields. 

 

 
1. INTRODUCTION 

 
Weathering of cultural heritages made of stones are often caused by ingress of water into a porous material. To 
quantitatively understand such physical phenomena and then propose a proper countermeasure, the knowledge of 
transport phenomena and mechanics for porous media is essential. 
In this study, we measured the strain of a dry or wet tuff stone specimen under uniaxial compression test as well 
as continually but simultaneously obtaining X-ray CT data of the specimen. Measurements we present here are 
intended to provide some useful quantitative data for precisely understanding the mechanical behavior of a stone 
under different weathering conditions and validating the calculation model. Tuff stone was selected as a type of 
stone of this study because it has been often used for curving sculptures in Kyushu, Japan and is suitable to be 
applied by a digital volume correlation. 

 

2. METHODOLOGY 

 
The experiments were performed at the department of Civil and Environmental Engineering, Kindai University, 
using a set-up (see Fig. 1(a)) [1] which enables to conduct X-ray imaging and uniaxial compression test 
simultaneously. Specimens of tuff stone from drill cores were prepared to be a diameter of 5 cm and a height of 
10 cm and then grinded manually using a sandpaper. The specimens were dried in a room. One specimen was 
dried, while the other specimen was saturated with pure water using a vacuum pump. Each X-ray image was 
obtained with a resolution of 0.0615 mm and 2000 images were reconstructed to obtain the tomography. During 
X-ray projection, the mechanical load was not increased. Each of the axial and radial strain was measured by the 
two strain gauges at the middle height of the specimen and the average of the two was calculated. 
The obtained CT data were analyzed using a digital volume correlation (DVC) software (TomoWarp2) [2] to 
determine the displacement and strain fields. The axial and radial strain of the specimens were then determined. 
The size of correlation window is 16 (x) x 16 (y) x 16 (z) voxels and the node spacing is also 16 voxels for each 
direction. 
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3. RESULTS 

 
Fig. 1(b) compares the axial and radial strain measured by the gauges with those calculated based on the 
displacement field that was obtained by DVC of the X-ray CT data. The axial strain was calculated by 
dividing the difference in the displacement in the axial direction between two heights (1.5 cm and 8.5 cm) by 
the difference in height (7 cm). The radial strain was calculated for the circumference of the horizontal 
section of the specimen and the average over 4 - 6 cm height where the gauges were glued to the surface of 
the specimens was taken. 
Also, as an example, the displacement field of the wet specimen under a uniaxial mechanical load of 8.5 kN 
is also compared to the X-ray CT image at 4.1 cm height in Fig. 1(c) and (d). 
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Figure 1: (a) Photograph of a setup with a specimen inserted between the loading platens. (b) Stress – strain 
relations of dry and wet tuff stone under uniaxial compression test, either measured by strain gauges or 
determined based on X-ray CT and digital volume correlation. (c) CT image and (d) the corresponding 
displacement field (VXY is the displacement vector in the horizontal section), at 4.1 cm height, of a wet 
specimen with some cracks under a uniaxial mechanical load of 8.5 kN. The displacement field was obtained 
by digital volume correlation. 
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