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ABSTRACT

Taiwan is an active mountain belt created by the oblique collision
between the northern Luzon arc and the Asian continental margin. The
inherent complexity of geological nature creates numerous discontinuities
through rock masses and relatively steep hillside on this island. In recent
years, the increase in the frequency and intensity of extreme natural
events due to global warming or climate change brought significant
landslide and debris flow hazards in the mountain area of Taiwan. The
causes of landslides are attributed to a number of factors. Notably, rainfall
is well-known one of the most significant triggering factors for landslides.
In general, the rainfall infiltration could result in changing the suction and
the moisture of soil, raising the unit weight of soil, and reducing the shear
strength of soil for the shallow colluvium. Long-term infiltration may
result in weakening or creeping of slope formation material. The stability
of slope is closely related to the geological and topographical conditions,
the groundwater pressure change in response to rainfall infiltration, and
the physical and mechanical parameters of slope formation. Detailed site
investigation and observation using the state-of-the-art technology will be
performed on active landslide from the study area to clarify the
occurrence of landslides induced by the change of hydrologic conditions
during heavy rainfall.

This study 1s aimed to better understand the mechanism of triggering
landslide hazards so that casualties and property damages can hopefully
be reduced in the occurrence probability of natural disasters in the future
through the appropriate disaster prevention planning we proposed. The
project is a 5-year integrated study and the site investigation in the past
year focuses on the Chashan and Chexinlun potential large-scale landslide
(D160 and DO008). The Fanfan potential large-scale landslide (D007) is
selected as the study site in 2019 year. The work scopes of the project
contain: (1) hydrogeological investigations on the site; (2) establishment
and verification of the three-dimensional hydrogeological model; (3)
construction of slope activity evaluation system; (4) deformation
mechanism analysis under dynamic hydrological condition; (5)
continuation observation and refined analysis of Chexinlun site. It is
expected that the complex phenomenon between the stability of
landslides and hydrogeological conditions can be revealed and clarified



through the detailed study on the hydrogeological investigation,
observation and the numerical simulation.

This study deploy a comprehensive monitoring network consisting
of seismic, geotechnical (time domain reflectometer, TDR), geodetic
(real-time kinematic measurement, RTK) and hydrological (ground water
level (GWL), shallow water content) instruments on a slow-moving
landslide site. The borehole drilling, geological and geophysical (seismic
reflection profile and resistivity images) investigations provide the
surface-to-subsurface structure and movements of landslide area, and can
also be used to find possible sliding surface. With the available
knowledge of landslide structure, we further built the hydrogeo-
conceptual model and validated the model by fitting the observed GWL
and shallow water content, which are the crucial input parameters to
analyze the possible triggered factors of landslide failure. A series of the
scenario testing can quantify the safety factor of landslide based on
different conditions, including earthquake forcing, ground water level and
precipitation. A main purpose of this five-years project is not only to
illustrate the possible failure mechanisms for the specific landslide areas,
but also to develop innovation-monitoring technique for landslide hazards.

In Fanfan site, TDR slope monitoring system has successfully
observed the slope deformation at the 108-D0072T site. The slope
deformation was found to be located within the shear zone of the 108-
D007-2T borehole. The peak reflection coefficient of the TDR signal
reflected the trace of slope deformation within several days after two
relatively heavy precipitation events. Based on the dv/v resulting and
TDR measurements observed at the 108-D007-Fanfan site, Our study
noticed that the dv/v increasing before the TDR movement, and then
decreasing after sliding movement. Finally, the dv/v value recovers a few
days later. Aforementioned pattern of temporal changes in dv/v can be
clearly observed in the frequency bands of 2-6 Hz and 6-10 Hz. The origin
of such dv/v measurement is inferred at the depth 21 m as the basal sliding
interface. The results of shallow sliding analysis show that: (1) in the
normal and high water level scenarios, the safety factor obtained in each
zone is greater than 1.0, and the initial judgment belongs to the relatively
stable state; (2) in the earthquake scenario, the A1 mass in LM may slide,
the volume of A1 slide is about 1,639,650 m?; (3) when the water level of
the 108-D007-1W rises to 21 meters below the surface or the PGA



exceeds 290 gal, it may cause the local landslide. Based on the above
analysis results, this project further evaluates the influence zone of the
potential sliding mass of A1 on the downslope. The analysis shows that
after the destruction of potential sliding mass of Al, there is no direct
impact on the YingShih village.

In Chexinlun site, according to the observations (the monitoring
began in July 2018), no significant changes or trends have been found in
the Chexinlun site. However, in the August 2018 rainstorm event, the
shallow soil water content increased by about 8%. The groundwater level
was raised by nearly 2 meters, and the apparent signal enhancement was
measured. Results of the relative seismic velocity variations (dv/v) can be
derived from the methods of station pairs and/or single station. Resulting
of dv/v of two stations represents the mean value along the wave
propagation path: for the 107-D008-Chexilun site, there is the GWL of 2
m changes, coinciding with the 0.5 % of dv/v variance (station pairo f
V02-V03). The dv/v results derived from single station indicate the
changes of subsurface medium beneath single station: for the 107-D00-
Chexinlun site, the dv/v reduction of 1.0 % can be measured during the
GWL of 2.0 m increasing. Our study concluded that the method of single
station can provide better understanding the relation between dv/v and
GWL. For the Chexinlun landslide site, the large-scale landslide regions
with collapsed volumes of 1.14x10° m® (region A) and 2.74x10° m3
(region B) would be probably triggered by the GWL and seismic forcing.
The triggered thresholds of GWL and ground shacking are 18 m and 300
gal, respectively. Based current observations of comprehensive
monitoring system, there is no movement during the monitoring period.
The dv/v measurements exhibited the largest reduction of about 0.5%,
coinciding with the intense rainfall.

KEYWORDS: hydrogeological investigation, groundwater, slope
observation, deformation mechanism






