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ABSTRACT

The design and construction of foundations in easily weathered rocks have posed
various challenges to geotechnical engineers. One challenge is the formation of cavities
in limestone, dolomite due to the chemical weathering process. In Japan, karst topography
occupies nearly 0.44% of the land area (1763.73 km?). Specifically, many large-scale
caves were found during the geological survey when constructing sea embankments in
Okinawa. In Vietnam, it occupies nearly 20% of the land area (approximately 60,000
km?), with some typical regions in the North and Northern Central of the country. Cavities
can reduce the bearing capacity of foundations. Therefore, sudden failure is a constant
threat to the safety of structures founded on the ground with cavities.

This study aims to quantify the influence of the cavity on the pile bearing
capacity through reduction factors and gain more insight into the failure
mechanism of the area around the pile tip and cavity. A series of model tests was
carried out on a small-scale single pile embedded in gypsum rock with
predetermined cavities, thereafter, the numerical analysis was conducted. The
studied model was simulated by the discrete element method (DEM) using the
two-dimensional discontinuous program. Compared with continuum analysis, the
DEM can simulate crack propagation. The reduction factor was calculated to
quantify the cavity impact on the pile bearing capacity. The experimental and
analytical results clearly show that reduction factors decrease with an increase in
the depth from the pile tip to the cavity, and the pile capacity is significantly
reduced when cavities are located close to the pile tip. The DEM simulation
results visualized the cracks that appeared inside the rock mass and the collapse
of the cavity roof area, which cannot be seen in the experiment. It revealed that
the failure of the cavity roof was mainly caused by the cracks running from the
pile tip to the upper corners of the cavity. The study also indicated a critical
distance of 4 times pile diameter from the pile tip to the cavity that the influence
of cavities to the pile is negligible. Finally, a framework was suggested to apply
in pile foundation design in the ground with cavities. Although there were some
quantitative differences, the numerical analysis could simulate the same tendency



of reduction factors with the experiment. The combination of using experiments
and DEM simulations can beneficially examine the influences of cavities on the
pile behavior qualitatively and visually.
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