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OOIntroduction(1)

* There are many temples of archeological importance in
Nepal, and most of them are situated in and around the
capital city of Katmandu.

* Changunarayan Temple in Bhaktapur area is one of the
monuments of ancient Nepalese architecture registered as a
world cultural heritage site with the UNESCO.

* Bhattarai et al (2004) have reported that Changunarayan temple
has traces of damage under the influence of landslide activities in
the hill probably due to sand mining and agricultural activities in
the vicinity.

* We carried out a geographical analysis by interpreting the aerial
photographs and conducting geological survey of the hill slopes
in November 2004.
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Based on this survey, local daily newspapers
in Japan also covered the news on
Changunarayan Temple describing that
Ehime University Research group has shown
interest in landslide damage of a cultural
heritage site in Nepal, and surveyed for
landslide hazard assessment of
Changunarayan Temple so as to prevent the
famous world cultural heritage site from
natural disasters.

R & B LR

Changunarayan hill is located on the north-east side of
Katmandu basin as shown in the Figure

The World heritage site ,Changunarayan temple
M.




OOTopography and geology
* The temple is situated on top of diluvial lake deposit and

meta-sandstone with a narrow ridge as shown in the
Photo .

* The diluvial deposit consists of semi-consolidated clay
layers (including black clay) including sand and gravel.

* The back clay is characterized by finely graded grain size
and weak shear strength. The cumulative grain size curve
for the black clay.is shown in the Figure.
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OO0Distribution of Landslides in Changunarayan hill

* Bhattarai et al (2004) explain that the landslide
damage to the temple has been caused by river
sand mining and agricultural activities along the
Manohara River.

* According to the authors’ investigation, there are
4 large-scale landslides (A, B, C, and D) around
Changunarayan temple.

* Blocks A, B, and C are divided into 4 sub-
blocks, and Block D is divided into 2 sub-blocks.

* The landslide hazard map of Changunarayan
Hill is shown in the next Figure.

Landslide hazard map in Changunarayan hill
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The figure shows a geological section of Block A. As indicated in
the figure, the black clay distributed horizontally in the [ 1000
Rleistocene sediments was observed exposed in the landslide
Periphery. THese Chy tayersare-weak stratum-havingtow-vatué of

shear strength underneath the landslide mass. So, it is considered
that the landslide takes place through the black clay layer.
Furthermore, the river sand mining along Manohara River
flowing through the foot of Changunarayan hill may be one
reason for the reduced landslide stability.

400 CASE OF LANDSLIDE CAUSED BY BLACK CLAY LAYER

* The black clay sample identified as the landslide slip layer in the Changunarayan
Hill has high water content, and consists of sericite, biotite and other clay
minerals.

According to the figure, the peak strength of this clay in terms of angle of
internal friction and cohesion is ¢ = 18° , ¢ =25kN/m2, as measured in ring
shear apparatus. Similarly, the residual strength in terms of angle of internal
friction and cohesion is ¢ = 18° , ¢ = 15kN/m2 (a decrease of 10kN/m2). The
residual strength of black clay layer decreases by 10kN/m2 from the peak
strength ; therefore, it is considered that the landslides have been caused by the
black clay layer.

N/O @ 00 18"
N/D @ r=18"

Cd=:
CrooK the peak|strength  =f

Shear stress 7 (kN/rr2)

residual strer

o 100 z0o0 300 400

Vertical stress

[=R RT3

50 The events of heavy rainfall and high

magnitude earthquakes

* There are only traces of landslide damage to
the temple and its surrounding structures at
present with the increase of landslide
movement. However progressing to upper
portion of the hill near the temple during the
events of heavy rainfall and big earthquakes,
the damage could be extensive resulting in
complete destruction of temple structures in the

periphery.
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Left side photo shows the main scarp of a landslide,
where many cracks and tilting of the ground can be
observed as the indications of the landslide.

Right side photo shows damage to temple structures can
be noticed

6. Case of landslide movement during earthquakes in Japan

* Niigata Chuetsu Earthquake that hit north-west Japan
on 23 October 2004 and caused heavy damage in
Yamakoshi Village induced many large-scale
landslides in hilly area.

I was involved in preparing  [7 ©
slope disaster map of Yamakoshi = =
Village immediately after the
Chuetsu Earthquake, which is 1
shown in the Figure. This figure
shows the recurrence of large-
scale landslides in =
Higashitakezawa area and the
creation of a natural dam.

Damming up of Imo River due to large-
scale landslide in Higashitakezawa

There is a slipping down cliff on the left side of the photograph and
completely slid block rotating upward in the right.

The Nepalese topographical and

geological conditions

» The Nepalese topographical and geological
conditions are almost similar with those in Japan.
Like the reactivation of Higashitakezawa landslide in
Japan during the Niigata Chuetsu Earthquake, the
large-scale earthquake that is due to hit Nepal in near
future including Kathmandu Valley will cause
extensive damage to various structures and hill slopes
including destruction of buildings and temples and
recurrence of landslides. So, planning and
construction of preventive measures for the expected
damages are immediately necessary.

Preventive measures at Higashitakezawa

7. Conclusions

* As aresult of geographical analysis employing aerial
photograph interpretation and geological survey of slopes on
the Changunarayan Hill in 2004, it was understood that the
landslides might have occurred due to existence of black
weak layer of clay.

* Moreover, there are four main blocks of landslides around
the Changunarayan Temple.

* The upper part of the landslide blocks may progress up to
the hill top near the temple in case of heavy rainfalls and
high intensity earthquakes in near future.

« In order to conserve this world heritage site, the geotechnical
survey in detail including slope stability analysis is urgently
required.

» The timely preventive measures will help protect the world
heritage monuments from being damaged or destroyed
during natural disasters, and it is always important to
conserve these cultural monuments so as to harmonize the
cultural and environmental balance.
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