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Figure 1: Sample holder used in constant volume experiments. Figure 2: Position of material points as a function of time. The 

curves labelled A, B and C are magnified in Fig. 3. 

Figure 3: Displacement of selected material points from Fig. 2 

(labelled A, B and C) as a function of time. 

Figure 4: Time series of the measured bentonite content 

(partial density) in the samples. 

Figure 5: Time series of the measured water content (partial 

density) in the samples. 

Figure 6: Axial swelling stress measured at both ends of the 

samples, and the effective radial swelling stress measured by 

strain gages. 

ABSTRACT 

A method based on X-ray imaging was developed and used for measuring water transport and swelling in small-scale bentonite samples [1]. The principle of the method is to take sequential X-ray 

images of a swelling sample, and use the images to measure X-ray attenuation coefficient and deformation along the sample. This, in turn, allows finding the bentonite and water content in the 

sample as a function of position and time. The method was first used to study free swelling of MX80 bentonite (results available in a databank [2]), and thereafter the method was used to measure 

wetting and swelling in a constant volume with a set-up similar to that used in the free swelling experiments. In the constant volume experiments, altogether 12 types of samples, varying initial dry 

density (1.40, 1.65 and 1.90 g/cm3) and water content (12, 17 and 24%) were measured (with two repetitions). The sample holder, equipped with force sensors and strain gages for measuring swel-

ling stresses, used in these experiments is shown in Fig. 1. To monitor deformation and water transport, the samples were imaged 10 times during 32 days of wetting. The results for two similar 

samples (CV28 and CV36, ρb0 = 1.40 g/cm3 and w0 = 12%) are shown in Figs. 2—6. All the results have been collected into the databank [2], and will published together with the free swelling experi-

ments [3]. 

CONCLUSIONS 

As a non-invasive imaging method, X-ray imaging appear to be useful tool for measuring hydro-mechanical properties of the bentonite buffer. The results of the samples shown in Figs. 2—6 are si-

milar indicating that the method yields reproducible results. The results obtained with the method are expected to be useful in developing more reliable numerical models for hydro-mechanical be-

havior of bentonite. 
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