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Summary: The liquid water uptake rate of two different types of brittle tuff stone taken near the 

Takase stone buddhas, Oita, Japan, each of which shows either a homogeneous or heterogeneous 

distribution of density, was quantified by X-ray radiography, while the density distribution of the 

specimens was quantified by X-ray CT and used to study its influence on the uptake rate. 

 

 
1. INTRODUCTION 

 

The Takase stone buddhas [1] are one of the important old stone buddha sculptures curved into the cliffs in 
Oita, Japan. It is placed in a cave curved into the cliff of a hill of volcanic tuff, which is protected from rain 
and direct solar radiation by a wooden roof. It is in general very well conserved and no ongoing weathering 
can be observed now, but due to a high ground water level, there is a concern in the influence of water 
evaporation at and near the surface of the stone buddhas and the wall of the cave on their deterioration. The 
tuff stone that can be observed at and around the cave there is brittle in some places and is also heterogenous 
in some places. The hill of tuff is thus made of several layers with different physical properties, which makes 
difficult to understand the transport of water in the stone and the ground. Due to the brittleness and 
heterogeneity of the tuff stone, it is also difficult or impossible to measure the moisture transport property by 
using a method such as the evaporation method. The current work studies the liquid water uptake rate of such 
material by using X-ray projection. 

 

2. EXPERIMENTAL METHOD 

 
The experiments of liquid water uptake by two different types of brittle tuff stone specimens were performed 
using the X-ray apparatus [2] at the Department of Civil and Environmental Engineering, Kindai University. The 
tuff stone was taken around the Takase stone buddhas. The size of one specimen (specimen A) was 6.8 cm (x) x 
4.4 cm (y) x 6.8 cm (z) and that of the other (specimen B) 6.5 cm (x) x 3.5 cm (y) x 8 cm (z). The average 
density of dry specimen A was 1378 kg/m3 and that of dry specimen B 1423 kg/m3. The specimens were made 
vapor tight on the lateral sides and open at the bottom and top. Liquid water was absorbed at the bottom of the 
specimens. 
First, the tomography of each specimen on the stage was obtained with a resolution of 0.0615 mm/voxel. Then 
liquid water was supplied to the container in which the specimen was placed and then the water was absorbed in 
z direction by the specimen. During the liquid water uptake, the radiography of the specimen was recorded with 
a time interval of 2 seconds. The uptake of water took approximately 3.5 hours for specimen A and 30 minutes 
for specimen B. 2000 images were recorded and reconstructed to obtain one tomography. The electric voltage 

and current of the X-ray source were 160 kV and 20 A/100 A for radiography/tomography. The -profile of 

the moisture content during liquid water uptake [3] is reported below ( = x/t0.5, x: the position in the coordinate 
(m) and t: the time (s)). 
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3. RESULTS 

 

The radiography of specimen A (Fig. 1(a)) is compared to the distribution of the density averaged in the 
direction of X-ray projection, calculated based on the X-ray CT data of dry specimen A and B without 
water at the bottom (Fig. 1(a)), while Fig. 1(c) show a very uniform distribution of density of specimen 
B.  A good agreement of  Fig. 1(a) and (b) confirms that the density of the specimen in the direction of 
X-ray projection can be determined precisely and used to quantify the influence of the material density 
on the liquid water uptake rate. Results of the liquid water uptake test show such influence in Fig. 1(d). 
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Figure 1: (a) Radiography of dry specimen A (tuff stone) with water at the bottom. (b) and (c) Distribution 
of the density averaged in the direction of X-ray projection, calculated based on the X-ray CT data of dry 
specimen A and B. The white pixels show that X-ray was projected to only the air. (d)  - profiles [3] of the 
moisture content during liquid water uptake by different regions of specimen A and B. The number of 
voxels analyzed here in the x direction was approximately 1100 voxels in the middle. In (d), numbers of e.g. 
“201-1200” refer to the range of voxel number in the x direction used to determine each -profile. Each 
profile is obtained by averaging the data of the last 60 minutes for specimen A and the 8 minutes for B. 
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