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Landslide Hazard and Risk Assessment in Archaeological Sites
Paolo CANUTI, University of Firenze, Italy

Conservation from Rockfall of the Engraved Wall in the Fugoppe Cave, Hokkaido, Japan
Hiromitsu YAMAGISHI , Geological Survey of Hokkaido, Japan
Tadashi YASUDA |, Public Consultant Co., Ltd., Japan -
Hideji KOBAYASHI, Shin Engineering Co., Ltd., Japan

Geotechnical Landslide Risk Analysis around and inside some Egyptian Historical Monuments
M. Yasser EL-SHAYEB & M. Thierry VERDEL, Laboratoire Environnement, Geomechanique, et
Ouvrages (LAEGO), France

Slope Stability Conditions of the Rockmass at the Foundation Areas of the Monasteries of Mount Athos, in N. Greece
Basile CHRISTARAS, Aristotle University of Thessaloniki, Greece

Slope Deformation and Other Geohazards Endangering the Stability of Historic Sites in the Western Carpathians
Jan VLCKO, Comenius University, Slovakia

The evaluation of the risk of deep-seated mass movements to the cultural heritage sites of Hallstatt-Dachstein / Upper
Austria

Michael MOSER, University of Erlangen

Kurt A. CZURDA, Karlsruhe University, Germany

Low impact stabilization measures for the safeguard of historical hilltop towns: the case of Civita di Bagnoregio in Italy
Claudio MARGOTTINI, Italy

Landslide Risk Evaluation for the Protection of Cultural Heritage: Case of Old Quebec, Canada
Rejean COUTURE, Geological Survey of Canada
Jacques LOCAT, Laval University, Canada

Quantitative Analysis of Natural Landslide Hazards Affecting the Rocky Mountain Parks of Canada
Rejean COUTURE, Geological Survey of Canada
Stephen EVANS, Geological Survey of Canada, Canada
Oldrich HUNGR, University of British Columbia, Canada

The Present and Past Geomorphologic Hazards in The Archeological Sites of Sicily and Calabria (South Italy)
G. Marino SORRISO-VALVO, IRPI, Italy

Rice-PaddyTerrace and Landslides
Toshitaka KAMAI, Nihon University, Japan
Haruo SHUZUI, Nippon Koei Co. Ltd., Japan

Development of Quantitative Prediction Models for Landslide Hazard
Andrea FABBRI, ITC, Netherlands
Chang-Jo, F. CHUNG, Geological Surevey of Canada

Research on the Slope Stability of the Block II of the Lishan Landslide, Lintong County, Xian, China (VIDEO SESSION)
Qinglin YANG, Lishan Landslide Prevention & Management Office, China
Baoer SONG, Lishan Landslide Prevention & Management Office, China



DPRI Newsletter No.14

Prediction of Rapid Landslide Motion for Lishan, China, Unzen, Japan

Kyoji SASSA, Kyoto University, Kyoto, Japan

Seismogenic Landslides and Rockfalls in the Vicinity of the Horeseman of Madara (NE Burgaria)

Margarita MATOVA & Gueorgui FRANGOYV, Geological Institute, Sofia, Bulgaria

Monitoring of a Large-Scale Landslide Threatening the Zentoku Historical Settlement in the Iya-Valley, Tokushima,

Japan.

Hiroshi FUKUOKA, Kyoji SASSA, Kyoto University, Kyoto, Japan

Development of a Spatial Database System for Landslide Information Management and Analysis

Venkatesh RAGHAVEN, Shinji MASUMOTO, Kiyoji SHINO, Osaka City University, Japan
Takashi FUJITA, Osaka Institute of Technology, Japan

Landslide Hazard and Mitigation Measures in the Area of Medieval Citadel of Sighisoara.

Christian MARUNTEANU, University of Bucharest, Romania
Mihai COMAN, ISPIF, Romania

Guidelines for the Safeguard of Cultural Heritage against Natural Risk

Claudio MARGOTTINI, Italy

Disaster of Rock Avalanches and Landslides in Tianchi Lake Tourist Area of Changbai Mountain (Volcano), Northeast
China (VIDEO SESSION)

Binglan CAQ, Changchun University of Science and Technology, China

Sturzstroms in mountainous areas and associated hydrological hazards : the case of the Flims Holocene sturzstrom and
Tlanz dammed lake (POSTER PRESENTAION)

Patrick WASSMER, Universite Louis Pasteur, France

F&—2 IGCP-425 4+ 77O 17 b—& (FER11F10BETE)

- Research on the Slope Stability of the Block IT of the Lishan Landslide, Lintong County, Xian (China)

2. The Archaeological Site of Delphi, Greece - A Site Vulnerable to Earthquakes and Landslides - (Greece)

. Slope Stability Conditions of the Rockmass at the Foundation Areas of the Monasteries of Mount Athos, in N. Greece

(Greece)

. Conservation from Rockfall of the Engraved Wall in the Fugoppe Cave, Hokkaido (Japan)
. Slope Deformation and Other Geohazards Endangering the Stability of Historic Sites in the Western Carpathians

(Slovakia)

6. Landslide Hazard and Risk Assessment in Archaeological Sites (Italy)

10.

11

- The evaluation of the risk of deep-seated mass movements to the cultural heritage sites of Hallstatt-Dachstein / Upper

Austria (Germany)

. Geotechnical Landslide Risk Analysis around and inside some Egyptian Historical Monuments (France)
- Landslide Hazard Assessment for the Places of Historical Heritage in the north-eastern Azov Sea coastal region

(Taganrog city and the area of ancient Greek town of Tanais, Rostov district) (Russia)
Assessment and Mitigation of the Landslide Hazard to Cultural and Historical Monuments in the Central Russia
(Russia)

. The Present and Past Geomorphologic Hazards in The Archeological Sites of Sicily and Calabria (Italy)
12.
. Rice-PaddyTerrace and Landslides (Japan)
14.
15.
16.

Development of Quantitative Prediction Models for Landslide Hazard (Canada)

Quantitative Analysis of Natural Landslide Hazards Affecting the Rocky Mountain Parks (Canada)
Protection of Inca Cultural Heritage on Landslide Zones at Cusco (Peru)
Landslide Risk Evaluation for the Protection of Cultural Heritage: Case of Old Quebec (Canada)

7
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17. Prediction of Rapid Landslide Motion for Lishan, China, Unzen, Japan (Japan)

18. Seismogenic Landslides and Rockfalls in the Vicinity of the Horseman of Madara (Bulgaria)

19. Monitoring of a Large-Scale Landslide Threatening the Zentoku Historical Settlement in the Iya-Valley, Tokushima
(Japan)

20. Development of a Spatial Database System for Landslide Information Management and Analysis (J apan)

21. Landslide Hazard and Mitigation Measures in the Area of Medieval Citadel of Sighisoara. (Romania)

22. Guidelines for the Safeguard of Cultural Heritage against Natural Risk (Italy)

23. Rock Slope Dilutometric Monitoring of Joints to Assess Rock Fall Risk and to Secure Places of Cultural Heritage
(Czech)

24. Disaster of Rock Avalanches and Landslides in Tianchi Lake Tourist Area of Changbai Mountain (Volcano) (China)
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Chichi, Taiwan Earthquake (Mw 7.7)
Report of a Quick Investigation

J. Mori, A. Ando, H. Katao, S. Ohmi
Research Center for Earthquake Prediction,
Disaster Prevention Research Institute, Kyoto University

In the early morning (01:47 Taiwan Time) of
September 21, 1999, the largest earthquake of the century
in Taiwan (Mw=7.7, M1=7.3) struck near the small town
of Chichi (23.87°N , 120. 75°E). There was significant
damage in the towns of Chungliao, Nantou, Taichung,
FengYuen, and Dongshi, with over 2000 people killed
and 7000 injured. The earthquake occurred on the
Chenlonpu fault which is a north-south trending thrust
that dips shallowly toward the east.

Surface Faulting

There was surface rupture for about 60 km on a
north-south trend of the active Chelongpu fault beginning
near Chushan in Nantou County in the south and extend-
ing to Fengyuen in Taichung County in the north.
Generally 1 - 4 meters vertical displacement was
observed along this portion. The faulting appeared to be
nearly pure thrust in most places.

Northeast of Fengyuen at the northern end of the
rupture, the faulting is complicated and distributed on a
number of smaller faults. In this region the trend of the
faulting bends toward the east-northeast for about 25 km.
There were very large offsets of 4 to 8 meters vertical
displacement and 1 - 9 meters of lateral displacement at
scattered sites, The displacements may be occurring on
several short sub-parallel faults.

There were spectacular vertical offsets in the river
northeast of FengYuen. At one site near a collapsed

bridge, a new waterfall formed from an estimated 8 meter
vertical fault offset (Photo 1). About a kilometer from

%
New waterfall created by fault offset. The vertical displace-
ment is estimated to be about 8 m. (Photo1)

Road along the top of a dam that is vertically offset by fault.
(Photo2)

this site, a dam was cut by the fault. The road running
along the top of the dam was vertically offset by 8 meters
(Photo 2). These displacements are some of the largest
surface fault movements observed for earthquakes world-

wide.

Earthquake Damage

Throughout the entire region shaking damage was
generally greater on the hanging wall (east-side) of the
fault. Also, there was greater shaking damage in the
southern region than in the north. It is interesting that the
surface faulting in the north had the largest displacements
but did not cause the strongest shaking damage. The
areas near the 8m vertical displacements showed much
less shaking damage than expected. Also, instrumental
records show that the peak ground accelerations were
lower in the northern region compared to the southern
region. Most of the structural damage in the north was
limited to areas directly on the surface trace of the fault
and often caused by ground deformations rather than
strong shaking. This intensity distribution is very differ-
ent from the extensive strong shaking damage caused by
the Kobe earthquake. The lack of extensive shaking dam-
age in the north might be explained by vertical move-
ments of the hanging wall that are rather smooth and
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slow. The observed strong motion data recorded along
the fault trace are consistent with this explanation. The
stations from south to the north show a significant change
of dominant frequency with stations in the south record-
ing higher frequency radiation and stations in north
recording lower frequency radiation.

In the southern region, there were many collapses of
the first story in 2 to 4 story buildings. This was largely
due to a soft first story. The first floors had fewer walls
with more open areas and were used for parking or busi-
nesses. There were many of these collapses in ChungLiao
(Photo 3).

Many tall buildings in Taichung did not have dam-
age, although there were a few large stuctural failures
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Collapse of the 1st floor in a 3 story building located in
Chungliao. (Photo3)

and collapses that caused casualties. Most large buildings
were built in and after the mid 1970's, which is after the
improved building codes were established in 1975,

Aftershocks

More than 7000 aftershocks were recorded within
five days after the mainshock, including over 200 felt
events and five aftershocks of magnitude greater than
6.0. This is one of the stronger altershock sequences and
rather unusual for an earthquake of this size. These large
aftershocks affected the people in Taiwan causing panic,
damage, and sometimes casualties. During our investiga-
tion there was a M6.8 while we were in a large hotel in
Taichung. Since we were on the 19th floor we felt a long

duration sway of the building.

Rapid Earthquake Information and Strong Motion
The Taiwan Rapid Earthquake Information Release
System operated by the Central Weather Bureau (CWB)
performed quite well for the Chichi earthquake. Despite
the fact that some of the station were temporarily not
operating because of telemetry problems (not related to
the earthquake) the system was still able to get a reason-
able location, and magnitude (7.25), and distribution of
seismic intensities (intensity 5 or 6 at 9 major cities). An
email went out to government emergency response cen-
ters in Taipei and the provinces within 2 minutes.
Although the intensity distribution map was rather sparse
because of the problem of missing stations, there was
enough essential information for government emergency
response to begin quickly. This demonstrated the robust-

ness of the system.
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