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ABSTRACT 
 
A large and deep-seated landslide at Hungtsaiping was triggered by the 1999 Chi-Chi 
earthquake with the magnitude of 7.3. This paper presents the results of integrated site 
investigations for the landslide, including field reconnaissance, geophysical exploration, 
borehole logs, and laboratory experiments. Thick colluvium was found around the landslide 
area and indicated the occurrence of a large ancient landslide. The Hungtsaiping area involves 
at least two large landslides events, an ancient rockslide and the 1999 colluvium slide. The 
two landslides in sequence are successfully reproduced by numerical modeling. 
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INTRODUCTION 
 
The Chi-Chi earthquake with the magnitude of 7.3 in 1999 induced thousands of landslides in 
central Taiwan, including a couple of large and deep-seated slides, such as the landslides at 
Tsaoling and Jiufengershan (Wang et al., 2003). Another large landslide at Hungtsaiping, 
Nantou, 15 kilometers away from the epicenter, was noticed with tension cracks, subsidence, 
scarps, and squeezes on the slope (Wei and Lee, 2006). The slide area and the maximum 
horizontal movement were estimated as 100 hectares and 32 meters by digital aerial photos. 
Unlike the catastrophic landslides on dip slopes at Tsaoling and Jiufengershan, the geology 
and mechanism of the Hungtsaiping landslide was more complex. Comprehensive geologic 
exploration and investigation were performed to investigate the mechanism of the slide. The 
thick-layered colluvium on the landslide site was discovered and expected to be the result of 
an ancient rockslide induced by an ancient earthquake. Two large landslides in the history and 
their slide mechanisms are identified. The kinematics and mechanisms of the two landslides 
in sequence were then simulated with a two-dimensional discrete element program PFC2D 
(Itasca, 2004). 
 
 
GEOLOGIC INVESTIGATIONS 
 
Field reconnaissance 
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Few outcrops were found at the slide area due to extensive distribution of colluvium. 
Slickenside observed in the shale cores (Fig. 1) indicates that the interface between shale and 
colluvium had been a sliding surface. The measured plunge of striation observed on the 
slickenside plane in the BH1 (Fig. 2) was 21º. An outcropped slickenside plane (bedding 
plane of shale; N24ºE/27ºNW) was also observed near BH 6. The trend and plunge of the 
slickenside were measured as N19oW and 15o. Thus, the observed striations in rock core and 
in outcrop might be good marks caused by the slides during the Chi-Chi earthquake. Using 
three point method, the orientation of the interface between the colluvium and shale observed 
in BH-1(EL.508.7m), BH-4(EL514.5m), and BH-5(EL.538.5m) was determined as 
N28.0ºE/25.6ºNW.  The orientation of the interface between the colluvium and shale from 
three point method is almost parallel to the measured bedding plane (N24ºE/27º

 

NW). 
Consequently, during Chi-Chi earthquake the slid mass slid mainly along the interface 
between colluvium and shale which happened to be also a bedding plane of the underlying 
shale. It was interesting to note that the sliding direction was not consistent with the dip 
direction of the bedding plane of shale.  

 
Fig. 1 The interface of colluvium and bedrock is exposed (a) and (b) at the east boundary of the slide mass near 
BH6 (c) a rock core in BH1.  
 
Borehole logs and geophysical exploration 
 
The purpose of boring was to investigate rock strata and the position of the slide surface and 
to conduct laboratory experimentation. From July 2005 to August 2006, 13 boreholes were 
drilled in the slide mass with the deepest as 128 m (Fig. 2). The borehole logs show that the 
colluvium does not distribute uniformly. The thicker colluvium is around the middles of the 
slide masss and can be as thick as 80 meters. The colluvium is classified as granular support 
(disintegrated from sandstone) and matrix support (disintegrated from shale). The two types 
of colluvium distributes as layers between boreholes. Borehole logs show more disintegrated 
shale material than disintegrated sandstone material as the depth increases. The bedrock under 
the colluvium is composed of massive shale. In addition, the cores containing fault gouge and 
shear zones were found at the west part of the site (BH 9).  
 
Earth resistivity was measured by applying electrical currents to the ground. Seven survey 
lines with totally 1202 meters long for the earth resistivity measurement are shown in Fig. 
2(a). With the results of borehole logs and two synthetic resistivity profiles, the interface of 
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the colluvium (with heterogeneous and higher resistivity) and bedrock (with more 
homogeneous and lower resistivity) can be located (Fig. 2 (b) and (c)). According to the 
results of field reconnaissance, borehole logs, and geophysical exploration, the geologic map 
is proposed in Fig. 3. The geologic formations around Huntsaiping experienced bedding slip 
when the folds and faults formed. The slips along the bedding are the potential slide surfaces 
for landslides. 

 
(a) 

 
(b) 

 
(c) 

Fig. 2 (a) The map of the Hungtsaiping landslide (b) The profile A-A’ across the slide directions for resistivity 
exploration RIP survey scanlines 1-4. (c) The profile B-B’ across the slide directions for resistivity exploration 
RIP survey scanlines 5-7. 

 
Fig. 3 The geologic map at Huntaiping 
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Mechanical properties of the rock mass 
 
To investigate mechanical behavior of the geomaterials at the site, the cores were used to 
conduct laboratory experiments, including physical properties, grain size distribution, uniaxial 
compression tests, Brazilian tests, and triaxial compression tests. It is well known that the 
mechanical properties of rock mass are of concern for the rock slope behavior. The 
Hoek-Brown failure criterion is used to evaluate the strength and stiffness of in-situ rock mass 
to account for the effects of joints and weathering (Hoek et al., 1995, 2002). The intact rock 
parameter mi

 

 is determined by fitting the data of Brazilian tests, uniaxial compression tests, 
and triaxial compression tests. The geological strength index (GSI) is determined by the 
reconnaissance, and the disturbance factor as 0.5 due to stress relief. The properties of the 
rock mass are summarized in Table 1. 

Table 1 Mechanical properties of the rock mass 
lithotype Sandstone mass Shale mass 

Uniaxial compression strength(MPa) 5.38-11.87 2.13-6.42 
Modulus of deformation(GPa) 1.02-3.39 0.54-3.34 

Tensile strength(MPa) 0.05-0.30 0.03-0.34 
Cohesion(MPa) 1.58-3.00 0.77-1.95 
Friction angle 29.33-36.41 17.86-27.33 

 
 
NUMERICAL INVESTIGATIONS 
 
In view of the thick-layered colluvium, a large ancient rockslide is expected, and the cause is 
speculated as an earthquake. The slide surface is within a shale formation above which there 
is a sandstone formation intercalated with shale. The slide mass have not been greatly 
disturbed and forms the current layered colluvium, where matrix-support material deposited at 
lower part and granular-support material deposited at upper part. The profile for numerical 
modeling is shown in Fig. 3. The ancient rockslide was along the dip direction of the bedding 
then along the gradient of the lower slope surface. The directions of the slides were the WNW 
at the upper slope and then toward NW to the Yonglu stream. The two landslides in sequence 
are simulated using the 2D discrete element method. The microparameters of the DEM model 
are calibrated by the uniaxial comressive strenth obtained from the Hoek-Brown failure 
criterion. The microparameters of the slide mass is calibrated by the sandstone mass behavior, 
and that of the slide surface by the shale mass behavior. As shown in Fig. 4, rockslide occurs 
and forms the thick colluvium, as the sandstone mass is subjected to the earthquake loading, 
which is assumed the same as that of the Chichi earthquake. Subsequent earthquke loading in 
1999 causes relatively less slides along the interface of the colluvium and bedrock as well as 
within the colluvium itself.   
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(a) 

 
(b) 

 
(c) 

Fig. 4 DEM simulations for a sequence of landslides (a) the profile before the ancient rockslide; (b) the profile 
after the ancient rockslide; (c) the profile after the 1999 landslide 

 
 

CONCLUSIONS 
 
The Hungtsaiping area involves at least two large landslides. The ancient landslide was a 
large rock slide with large displacement and caused the thick-layered colluvium, which is 
composed of mainly disintegrated sandstone material at upper portion and disintegrated shale 
material at lower portion. The slide surface of the rock mass was within a shale formation, 
and the slide was along the dip direction of the bedding on the upper slope and then along the 
lower slope surface.  The recent slide during the Chi-Chi earthquake was mainly the 
movement of colluvium on the bedrock. The two landslides in sequence can be successfully 
modeled by the DEM program  
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