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Abstract
Damage and deterioration of rock mass in the water-level fluctuation zone due to
water-rock interaction constitute a key factor inducing deformation and failure
of reservoir bank slopes in the drawdown area. To investigate the degrada-
tion laws of mechanical properties of filled jointed rock mass under water-rock
interaction, typical sandstone from the Three Gorges Reservoir area was se-
lected as the research object. Regular tooth-shaped joint specimens with un-
dulation angles of 0°, 10°, and 15° were prepared and filled with clay. Direct
shear tests were conducted under varying numbers of wet-dry cycles, and the
mechanical response characteristics were analyzed through techniques such as
three-dimensional optical scanning and image processing. The research results
indicate that the shear stress-displacement curves of smooth filled joints can be
divided into three stages: elastic deformation, transition, and sliding; whereas
those of rough filled joints can be divided into five stages: elastic deformation,
transition, ascending, pre-peak softening, and post-peak failure. Wet-dry cycles
exhibit differential degradation effects on the peak shear strength of filled joints
with varying roughness. With increasing cycle numbers, the peak shear strength
of smooth filled joints gradually decreases, while the shear strength of rough
filled joints displays non-monotonic variation characteristics, with its evolution
process being jointly controlled by filling medium degradation and the inter-
locking effect of sandstone joint surfaces. When the number of wet-dry cycles
is relatively small, the joint roughness coefficient after shearing does not show a
significant changing trend; however, when the wet-dry cycle number increases
from 5 to 10, the joint roughness coefficient after shearing exhibits a marked
decreasing trend. This study reveals the evolution laws of filled joint mechanical
properties under the coupling effect of wet-dry cycles and joint roughness, which
can provide an important reference for long-term stability analysis of reservoir
bank engineering rock mass.
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Abstract
Damage and deterioration of rock mass in the water-level fluctuation zone un-
der water-rock interaction represent a critical factor inducing deformation and
failure of reservoir bank slopes. To investigate the deterioration patterns of
mechanical properties in filled jointed rock masses under such conditions, this
study utilizes typical sandstone from the Three Gorges Reservoir region. Reg-
ular tooth-shaped joint specimens with asperity angles of 0°, 10°, and 15° were
prepared and filled with clay. Direct shear tests were conducted under vary-
ing numbers of drying-wetting cycles, and mechanical response characteristics
were analyzed using three-dimensional optical scanning and image processing
techniques.

The research findings indicate that shear stress-displacement curves for smooth
filled joints exhibit three distinct stages: elastic deformation, transition, and
sliding. In contrast, rough filled joints display five stages: elastic deformation,
transition, ascending, pre-peak softening, and post-peak failure. The deterio-
ration effect of drying-wetting cycles on peak shear strength varies with joint
roughness. As the number of cycles increases, smooth filled joints demonstrate
a gradual reduction in peak shear strength, whereas rough filled joints exhibit
non-monotonic strength variation. This evolution is controlled jointly by degra-
dation of the filling medium and interlocking effects of the sandstone joint sur-
faces. When the number of drying-wetting cycles is small, the joint roughness
coefficient after shearing shows no significant trend; however, as cycles increase
from 5 to 10, the post-shearing joint roughness coefficient decreases markedly.

This study reveals the evolution patterns of mechanical properties of filled joints
under the coupled action of drying-wetting cycles and joint roughness, providing
an important reference for long-term stability analysis of rock masses in reservoir
bank engineering.
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