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Evaluation of seepage and deformation of unsaturated slopes during post-shaking rainfall

sty SC e H (MR DRERNIZ 31T 2 AN Fnflf ORE « 227 O RFA)

(G XA DEEF)
This study sets out with the aims of evaluating the effect of earthquake on seepage and
deformation of slopes subject to the rainfall after earthquake and examining the impact of
different factors such earthquake intensity and rainfall intensity on the response of slopes to
rainfall. Centrifuge model tests and numerical simulations were performed. There are six

chapters in total in the thesis.

Chapter 1 presents the introduction. Prior studies have implied the importance of earthquake
on the slope behavior during the post-earthquake rainfall, but little was found in the literature
on the quantitative assessment of the effect of earthquake on slope response to the subsequent
rainfall, and the impact of rainfall on both stability and failure patterns of slopes that have
been subject to pre-rainfall earthquakes has not been explicitly investigated yet. This study
was carried out to evaluate the importance of earthquake on the behavior of slopes during the
post-earthquake rainfall and examine the impact of earthquake and rainfall on landslide

occurrence and kinematics during rainfall.

Chapter 2 presents the review of current literature related to the response of slopes to shaking
and rainfall, the application of inflight rainfall simulator to modeling of slopes under different
conditions, and the stability of slopes with cracks during rainfall. The current studies of slope
behavior during rainfall have provided great assistance in the understanding of failure
mechanism of slope failure under different conditions, but the consideration of pre-rainfall
shaking is lacking. As to the studies of seismic slope behavior, studies were also concentrated
on the stability and failure of slopes subject to seismic loading, with no consideration of the
impact of the following rainfall. Despite the investigation of stability of slopes with cracks
under rainfall, the modeling of cracks was still too simplified and did not reflect the generation
of cracks. Apart from that, the discussion was mainly centered on the slope stability and the

studies of deformation of slope with cracks were insufficient.

Chapter 3 presents laboratory test results, including sieve analysis, soil compaction,
monotonic triaxial test results, cyclic triaxial test results, soil-water characteristic curve
(SWCC), and hydraulic conductivity.

Chapter 4 presents results and discussions of the centrifuge modeling of the response of
unsaturated slope subject to shaking and rainfall. The experiments revealed that, once shaking
caused cracks on the slope shoulder, the behavior and failure of the slope under rainfall

became different and was related to rainfall intensity. The effect of preferential flow due to

,26,
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cracks was more significant during rainfall with a higher intensity and heavy rainfall
accelerated the failure of the crack-containing slope, leading to a fast and massive landslide.
In addition, for the slopes containing shaking-induced cracks, even though being under the
same rainfall, they were different in the deformation magnitude. The slope that experienced
larger antecedent shaking had more deformation during rainfall and the previous shaking-
induced slope deformation decided the slip surface location. Finally, the velocity of rainfall-
caused landslide could be greatly influenced only because of the prior shaking event. Despite
a low intensity, the rainfall could still lead to an instant landslide once the slope has

encountered more intense antecedent shaking.

Chapter 5 presents results and discussions of the numerical modeling of the response of
unsaturated slope subject to shaking and rainfall. First, slope deformation caused by shaking
was largely reproduced in the numerical simulation. Then, a permeability-deformation model
was proposed for the simulation of post-shaking seepage and deformation analysis. The
simulation result showed that the proposed method was applicable to the seepage and
deformation simulations of slopes subject to post-shaking rainfall and the failure features of
slope during post-shaking rainfall was confirmed to be different from that of the slope during
only rainfall, due to the impact of shaking. In addition, soil displacement and the pore water
pressure response were well reproduced by the simulations. Finally, the proposed method was
found to have good performance once applied to more complex conditions where slopes were

subject to rainfall, shaking, and rainfall.

Chapter 6 presents the summary, which consists of conclusions, future work, and application

in disaster prevention.
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