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A significant portion of near-surface rocks is made up of soft sedimentary rocks and more than two-third of
them exhibits argillaceous in nature. Among the argillaceous clastic sedimentary rocks, shales and mudstones
are the most abundant rock types in uppermost part of the geologic column. Therefore, they are of wide reaching
interest to engineers for frequent encounters in civil engineering projects. Due to their massive occurrences in
strategic locations, self-healing characteristics and desirable generic properties, many national and international
programmes on facility management consider argillaceous rocks as a candidate for underground storage facility
construction. However, being presence the clay minerals for more than 50% and their porous nature, argillaceous
rocks such as shale and mudstone tend to be very sensitive to environmental changes. They are of well known and

notorious for exhibiting a strong tendency to shrink when partially or completely dried.

Clay minerals also appear in sandstone as minor proportion in cementing phase and these clay bearing
sandstones are often encountered in excavation, foundation, monument and building stone. These rocks
tend to have moderate to medium strength and are likely to withstand the volume changes induced by
water content variation than shales and mudrocks. But having the swelling clay in the cementing phase, not
necessarily to be a large amount, still has a drastic effect on elastic, viscoelastic properties and dimensional
changes in sandstone. Therefore, in an instance when an underground space is excavated in saturated rock
mass, evaporation of pore water will occur when they come to contact with new environment. As a result,
dimensional changes and micro to macro scale structural modification will take place in the unsaturated
rock mass around the excavation face. Although the degree of changes depend on clay mineral contents and
strength characteristics, this effect nonetheless can enlarge or contribute as one significant factor to further

growth of Excavation Damaged Zone (EDZ) in addition to the effects of mechanical perturbation and stress



field re-orientation. For the fact that, the response to evaporation of pore water and interaction with other
solutions make characterizing the deformation properties of argillaceous and argillaceous natured rocks a great

importance for the foundation of strategic civil engineering structures.

Taking this into consideration, an attempt has been made to investigate the deformation behavior of Opalinus
Clay, Pumaceous Tuff and Shirahama sandstone under a no-stress condition in drying process to evaluate
their generic susceptibility to the formation of EDZ. A series of comprehensive laboratory experiments were
performed in different drying conditions and evaporation modes. The saturated samples were subjected to
different drying conditions while deformation and evaporative water loss were being monitored simultaneously
and quasi-continuously. The significance of strain occurrences in the drying process were evaluated with
tensile strain criterion and examined the cracking potential of each rock type. In addition, the quasi-continuous
availability of the strain data were further used in poroelastic relation for the estimation of matric suction
occurrence created by desaturation. Then the deformation mechanism and matric suction evolution were
characterized and explained by thermodynamic behaviour with the evidences obtained from Mercury Intrusion
Porosimetry (MIP) and Scanning Electron Microscopy (SEM). Basically, this study applied the theories
well utilized in soil mechanics to sedimentary rocks to address the scattering observation and promote the
understanding of inherent deformation that can be induced by evaporation of pore water itself as it will be of

beneficial for the study of EDZ in underground storage facility constructions.

It is observed that the drying phase induced significant strain magnitude and damage in Opalinus Clay
samples, which is evidenced by the formation of hairy cracks on the surface parallel to the bedding. But the
strain occurrences in Pumaceous Tuff samples are relatively insignificant, and no tendency of cracking is
observed. On the other hand, the results show that virtually no volume change occurs in Shirahama sandstone
until half of its saturated water content is evaporated. Moreover, the evaluation with strain based failure
criterion shows that strain accumulations in Opalinus clay are large enough and very favourable to form the
cracks parallel to bedding. In contrast, it reveals that maximum strain magnitudes that can occur in the drying
process for Pumaceous Tuff and Shirahama sandstone are relatively insignificant and reach about 50% or
60% of their critical tensile strains and the strain occurred in the drying process is found to be insignificant.
However, strain magnitude in drying phase is observed to be higher for Shirahama sandstone saturated with
concentrated sodium sulphate solution and considerable mass wasting is detected even in a few cycles. It is also
observed that the ultimate dimensional change capacity of each particular rock type is independent of drying
condition, whereas evaporation rate and strain occurrences are shown to be affected significantly. In addition,
the study of pore structure indicates that substantial strain magnitude and high matric suction occurrence
can be ascribed to water loss from pores smaller than 0.01 um in radius. All tested samples, except Opalinus
Clay, displayed neither a tendency nor likelihood of crack formation in the drying process. For Opalinus Clay,
when they are exposed to low humidity environment, they will show severe cracking parallel to bedding. The
obtained results allow to conclude that significance of drying-induced deformation and cracking susceptibility
in clay bearing soft sedimentary rocks are dependent of clay mineral content, pore structures, water holding
capacity and presence of mineral fabric alignment. The present study sheds light on essential elements in the
studies of dimensional changes in clay and clay bearing soft sedimentary rocks to assist in evaluating ground

movement, deterioration, fluid flow and isolation properties of underground facilities.
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