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Fig. 1 Schematic diagram of experimental apparatus
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A Basic Study on Swelling Rock Mass Behavior with Montmorillonite

Takeshi ITO, Akita Technical College
Tomio HORIBE, Tohoku University

The most common material of swelling rock mass has been considered as a clay mineral
such as montmorillonite. Some of the geotechnical troubles in design and construction
are attributed mainly to swelling phenomena. However, there are only a few systematic
investigations because of the swelling is complicated due to the number of unknown and
obscure factors involved and the apparatus for swelling isn't still standardized.

In this paper, available predicting explanations for swelling are proposed through

the laboratory tests by a newly developped swelling apparatus as shown in Fig.l,

Samples used in this study are the powder of high contented sodium montmorillonite
mixed with glass beads(—325 mesh) of 50%. For all test series, every specimen is
applied a constant compaction energy(Ec) and tested at different initial water content
(Wi). The temperature in the incubator is fixed at 15°C and swelling behavior, although

extending over a long time untill equilibrium state(teq), is measured uniaxially,

From experimental results, it is noted that swelling phenomena shows an upper
limitted equilibrium relationship like S type letter as shown in Fig.3. Evaluating the
process of equilibrium condition, the following two expressions are conducted:

Po = Pyp (1 - e ~2:30 K1 - b e (2)
Paf /'{l fe (a-%xp .t )} S

where Ps and Psf are swelling pressure and its final value respectively. k1 and kp are

Pg

the coefficients of swelling, and a is a parameter of determined by material properties.
As can be seen in Fig.5, these two analytical values show very close agreement between
observed values. It is found that eq.(2) is analogous to Voigt model and eq.(4) is a
logistic curve. These are the predicting equations based on statistics, and are
reasonable enough to constitute the swelling mode although eq.(4) is superior to eq.(Z)

a little in the point of correlation coefficient.

In conjunction with the above, the following approximated relations are derived : Py
depends on the coefficient of swelling which is highly influenced by Wi of the specimen,
and teq is predicted since the fact that Psf is affected by Ec and Wi.

On the one hand, it is proved that the swelling phenomena is also the function of
probability density. Thus the above descriptions are particularly referred to the

fundamental physicochemical and engineering properties of swelling rock mass behavior.



