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ABSTRACT
Preparation of appropriate countermeasure plans against landslides is a difficult task for the developing countries, mainly due to the
lack of investigation data. However, the design based on the inappropriate planning without the investigation data may sometimes be
disastrous. This study includes the results of the comprehensive investigation works for model landslide sites and the countermeasure
plannings based on those investigation results for a number of landslides in Nepal. Various analysis techniques used and various
alternative methods of construction implemented are discussed here in brief. The evaluation of the landslide prevention works in all
the sites showed satisfactory results. The results of this study is supposed to be very beneficial for the development of landslide
mitigation plans in the other countries. 

 La préparation des contre-mesures appropriées pour les glissements de terrain est une tache très difficile pour les pays en voie de 
développement, principalement en raison du manque de données de recherche. Cependant, la conception basée sur une planification 
inadéquate sans données de recherche peut parfois se reveler très désastreuse. Cette étude inclut les résultats d’une recherche détaillée
sur un certain nombre de glissements de terrain au Népal. Diverses techniques d'analyse et méthodes appliquées sont brievement 
discutées. L'évaluation des travaux pour la prévention des glissements de terrain a montré des résultats satisfaisants dans tous les sites. 
Les résultats de cette étude sont censés être très bénéfiques pour le développement de plans de mitigation des effets des glissements 
de terrain dans les autres pays. 

1 INTRODUCTION 

Due to the fragile geology, steep terrain, and improper 
construction practices, many of the Nepalese highways are 
suffering from various landslide problems every year. As a 
result of the lack in the investigation practices before the design 
of the correction works for the landslides that are triggered 
along the highways, many of the implemented countermeasures 
are rather expanding the sliding area. After the triggering of a 
large number of landslides along the highways as a result of the 
floods in 1993, the implementing agencies become aware of the 
proper investigation works. Detection of the sliding surface 
through the exploratory boring was not easy until that time. Due 
to the insufficiency of the data for the stability analysis of the 
landslide blocks, neither method of the stability analysis can be 
appropriately applied. In the study presented here, sliding 
surface predicted with the help of a limited number of 
exploratory boring points was confirmed by stress-displacement 
analysis based on the FEM results, and countermeasures were 
designed based on that sliding surface. In order to establish the 
systematic landslide investigation and mitigation practices, 
Water Induced Disaster Prevention technical Center (DPTC), a 
government organization of Nepal, with the support of Japan 
International Cooperation Agency (JICA) had studied four 
different landslides in Nepal as its model study sites. Location 
of those model study sites are shown in figure 1. The main 
author was responsible for the investigation, design of the 
correction measures, and implementation of the construction 
works. Two of those model study sites are located in the Central 
Development Region, where as each of the other two model 

study sites are located in the Western and Eastern Development 
Region. One landslide site at the Western Development Region 
had collapsed the bridge pier immediately after the construction 
of the bridge, but before its inauguration. The other three 
landslide sites had completely blocked the important highways. 

2 LANDSLIDE INVESTIGATION WORKS 

Topographical map of the landslide areas were prepared at the 
scale of 1:500 and regular monitoring of the landslide 
movement was done from 1993 to 1996 with a number of 
survey monument rows, several simple and automatic 
extensometers, and a number of inclinometers (Water Induced 
Disaster Prevention technical Center, 1996a,b & 1998). Poudel 
et al. (2001) described the details of the monitoring instruments. 
The displacement data was used for the verification of the FEM 
analysis results. Sliding surfaces at two or three points  along 
the cross section were identified from exploratory boring cores. 
The connection points of the sliding surface between those 
exploratory borings were prepared based on the displacement 
and principal stress analysis by FEM as described by Kulhawy 
et al. (1969). Correction measures against the landslides were 
designed based on those sliding blocks. Using the continuous 
monitoring data during and after the construction works, the 
anticipated geometry of the sliding blocks were modified and 
design of correction measures were revised. As the correction 
measures for one landslide at the Western Development Region 
is yet to implement, three other landslides that had blocked the 
major highways, are discussed in this paper. 
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Figure 1 Location of the model study sites in Nepal 

2.1 Landslide at 19 km along Kathmandu-Trishuli Road 

This landslide is located at Okharpauwa Village in Nuwakot 
District, 19 km from Kathmandu towards Trishuli (figure 1).
According to the local residents, this landslide was triggered for
the first time in 1942 after a long period of intensive rainfall. 
The landslide was reactivated once in 1979 and again by an
earthquake in 1989. This landslide had damaged a section, more 
than 100 m long, of the Kathmandu-Trishuli Road. This road is 
a 3.5 m wide degraded blacktopped road, constructed in 1950 as
an access road to the Trishuli Hydropower Project. It is the
main link road to the tourist areas of Kakani and Langtang
National Park. It affected more than 1.5 ha of land above the
road. Aerial photos of the area together with the geological
studies suggest that a fault passes along the landslide area. Soil 
samples from the borehole indicate that the sliding mass of the
landslide developed in colluvial soil. This soil is a
heterogeneous mixture of fine materials and gneissic boulders
of various sizes. Topographical plan of the landslide area and
the location of the monitoring devices are shown in figure 2. 

Figure 2 Topographical map of 19 km landslide with the location of
monitoring points 

Figure 3 Cross section of the 19 km landslide area and boring point 

Various methods were used to investigate the landslide.
Geological investigation includes two exploratory borings at 
main block of the landslide. Location of those exploratory
borings along the main cross section is shown in figure 3. 
Layers of clay 2.75 and 1 m thick were recorded along the
sliding surface of the landslide. In general, there was 5-7 m
deep colluvium soil on the top of 12-15 m deep weathered
gneiss. There was less weathered bedrock of gneiss below that.
Sliding surface was observed at the contact between the
weathered and less weathered gneiss. The location of the sliding
surface for the rest of the section was estimated by FEM
analysis and later confirmed with electrical resistivity survey
results. The displacements of the landslide were monitored by 3
rows of survey monuments, 7 sets of manual extensometers, and
two sets of automatic extensometers (figure 2). In order to
compare the rate of cumulative displacement with cumulative
rainfall and ground water table rise, a set of raingauge and a set
of piezometer were established in the landslide area. There was
very good relationship between landslide displacement and
rainfall (figure 4). 

Figure 4 Relation between movement and rainfall at the 19 km landslide 

Based on the investigation data, countermeasure plans were
designed using Spencer’s method of stability analysis (Spencer,
1967). Effective friction angle of 23.40 that was measured at
undisturbed triaxial specimen was used for the analysis. With a
retaining wall at toe and toe loading, planned safety factor (FS)
was increased to 1.11. With the combination of two sets of 
drainage boring, and main and branch surface drainage channel
with plastic sheet bed lining, the planned FS was increased to
1.23. Location of the planned countermeasures is shown in
figure 5. The construction work, based on the designed
correction measures, was executed from 1996 to 1997. The
observation of the monitoring devices was continued even after
the construction work. Based on the monitoring data as shown 
in figure 6, the maximum displacement of 1.958 that was
recorded in 1995 was reduced to 0.038 in 1998. Likewise,
maximum ground water table that was recorded at 4.42 m below
the ground in 1995 was reduced to 10.716 m below the ground
in 1998. This shows that the combination of the toe wall, 
surface drainage works, and horizontal drainage works were
sufficient to increase the stability of the slope to the desired
value.
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Figure 5 Location of the planned countermeasures at the 19 km
landslide

2.2 Landslide at 48 km along Kathmandu-Trishuli Road 

This landslide is situated at 48 km from Kathmandu towards
Trishuli along the Kathmandu-Trishuli Road (figure 1). The
landslide covers an area of about 8 ha. According to the field
inquiry, the landslide was first occurred due to the earthquake of
1961 with a huge debris flow, which was stabilized afterwards.
Existing roadside retaining wall was tilted and road surface was
sunk down considerably as shown in figure 7. The rock type of
this landslide is basically weathered gneiss. The low shear
strength of the weathered gneiss, high pore water pressure, and
huge mass of the landslide are supposed to be the main causes 
of the landslide 

Figure 6 Evaluation result for the displacement before and after the 
construction at the 19 km landslide 

.
Figure 7 Tilting of the retaining wall at the 48 km landslide due

Monitoring for the displacement of the landslide was done 
from 1993 through 1996 with three rows of survey monuments, 
11 sets of simple extensometers, a set of automatic
extensometer, two sets of inclinometers, a set of raingauge, and
a set of piezometer. The analysis results based on two

exploratory boring cores, location of which is shown in figure 8, 
were used to locate the sliding surface depth. Sliding surface
was located at the contact between 15-18 m deep weathered
gneiss and less weathered gneiss bedrock. There was 6-9 m 
deep layer of colluvium on top of the weathered gneiss. The
tentative location of the sliding surface throughout the slope
was then estimated based on the FEM analysis for the
displacement and the principal stresses. Correction measures
were designed for the estimated sliding blocks using LEM 
analysis considering the maximum ground water table observed
during the monitoring period. The friction angle measured at
undisturbed specimen by triaxial testing was 22.10.  The
designed countermeasures were the combination of toe retaining
wall, toe loading, surface drainage works, and drainage boring
works. Value of FS was increased to 1.12 with surface and
ground water drainage works. With the combination of toe
loading and drainage boring works, the value of FS was 1.17.
Based on the proposed design, the construction work for the 
correction measures was done in 1997.   The overall view of the 
aesthetic landslide countermeasure works is shown in figure 9.
Post construction monitoring work was continued until 1998.
According to the post construction monitoring work results
shown in figure 10, the maximum displacement of 0.1 m that
was recorded in 1995 was reduced to 0 m in 1998. Likewise, the 
maximum ground water table, which was at a depth 11.75 m 
below the ground before the construction was reduced to 18.97
m below ground level after the construction. Three different
types of surface drainage works with plastic sheets on the bed
one of which is shown in figure 11 were constructed in this
landslide area to observe the effectiveness of each type.
Drainage channel with boulder filling at the bottom and a thin
gabion lining on the bed was found to be the most effective. 

Figure 8 Location of boring pts at the cross section at 48 km landslide 
(modified after WIDPTC, 1996b)

Figure 9 Overall view of the countermeasure plan at the 48 km landslide 

Figure 10 Result of the displacement before and after the construction at 
the 48 km landslide 
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Figure 11 Section of the most effective surface drainage at 48
km site (modified after WIDPTC, 1996a) 

2.3 Landslide at 62 km along Charali-Ilam Road 

Figure 12 Photograph of the 62 km landslide after the first collapse 

Landslide at 62 km along Charali-Ilam Road is located in Ilam
district of eastern Development Region (figure 1). The landslide
was first occurred in 1984, slightly after the road excavation
work due to the extensive use of explosives. The landslide was 
further aggravated due to the further road widening works in
1992. As a result of an excessive rainfall in 1994, 64 m of the
black-topped road was completely collapsed. The landslide
investigation work was started immediately after the road
collapse in 1994. The loose slide mass was further slid during
the monsoon of 1995.  Photograph of the landslide after the
collapse is shown in figure 12. The landslide area was
monitored by 6 rows of survey monuments, 6 sets of simple 
extensometers, a set of automatic extensometer, a set of
raingauge, a set of inclinometer, and a set of piezometer.
According to the geological map and exploratory boring results,
the sliding surface was observed at the contact between
colluvium and weathered gneiss. Tentative location of the
sliding surface in the landslide blocks were established based on
two sets of exploratory boring data (figure 13). There was 4-7 m
of displaced mass on top of highly weathered gneiss of 12-15 m. 
There was less weathered gneiss bed rock below it. The final
location of the sliding surface along the cross section was
estimated based on the FEM analysis result. Based on the
investigation results, the landslide was very active, having up to
12.2 m of displacement in a year. Prevention measures for this
landslide were designed based on the site condition. A gabion
sedimentation dam, section of which is shown in figure 14 was
designed specially to control the movement of this landslide.
The sedimentation dam was designed at the toe of the landslide 
with the assumption that it deposits huge sediment mass as a toe
load. Construction of a number of ground sills, retaining walls, 
and surface drainage works, followed by the construction of the
sedimentation dam in addition to two sets of horizontal drainage
borings was proposed to be implemented in the second year.
The value of effective friction angle, according to undisturbed
triaxial testing was 24.80. Calculated safety factor with the
application of sedimentation dam was 1.09. The safety factor
was increased to 1.19 after the addition of horizontal drainage
boring and the other check dams. The construction work was 
done from 1996 through 1997. The displacement of the
landslide was reduced to 1 m after the construction of the

sedimentation dam in the first year from the original
displacement of 10 m. Likewise, the maximum ground water
table was reduced to 8 m below the ground in 1998, which was
at 4.2 m below the ground before the construction in 1995. The
displacement was reduced to 0.12 m after the construction of
the remaining structures in the second year.

3 CONCLUSION 

The study in the model sites showed that with the combination
of surface drainage works, horizontal drainage boring works,
and toe loading, landslide in mountain roads can be stabilized.
However, position of toe retaining wall and toe loading should
be decided after careful investigations. Another important 
finding of the model study is that landslide block boundary
should be fixed based on the survey monument data. As
estimation of the sliding surface based on two boring points is
very approximate, it is worthy to confirm it with the FEM
analysis results for a given cross section and soil parameters.
The section of the surface drainage works, location of the
horizontal drainage boring works, and section of toe loading/toe
retaining wall proposed here can be used in the similar landslide
areas in the other developing countries. 

Figure 13 Location of boring pts at the cross section, the 62 km site 
(modified after WIDPTC, 1996a)

Figure 14 A big sedimentation dam constructed at the 62 km site
(modified after WIDPTC, 1996a)
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