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ABSTRACT

After aperiod of prolonged rain from 9to 12 September 2005, alarge rotational earthslide occurred on 16 September 2005
at Syuchatar in the Kathmandu valley. The horizontal fluvio-lacustrine strata constituting about 47 m high and 106 m long
cliff aswell as about 50 m wide upper flatland with paddy cultivation slipped towards the Manamati River and dammed it
for about 8 hours. Later, its watercourse was restored by excavating a channel through the landslide debris. The earthslide
also produced two minor scarps: the upper one with arotation angle of 38° and the lower one with arotation angle of 47°.
A stereographic plot of polesto displaced coherent blocks forming the two minor scarps and dispersed fragmented blocks
showed that the former had dlid towards the northeast (N34°E and N4Q°E), and the latter had dispersed between the
azimuths N13°W and N60°E. Though the in-situ infiltration test of the ground gave rather low rates, they were enough to
produce a positive porewater pressure for triggering such atype of failure.

INTRODUCTION

Rapid urbanisation during the last decade in the
Kathmandu valley has resulted in a haphazard growth of
buildings and infrastructures. It is also responsible for
significant changesinthelandscapeaswell asencroachment
of thefloodplain and riverbed. Such anthropogenic activities
have not only polluted the natural environment but also
accelerated streambank erosion and mass movements
(Tamrakar 2004). Thelandslide of Syuchatar (Fig. 1) isone of
such examples.

A large rotational earthslide occurred about 2.5 km NW
of Kaanki in the Manamati River valley (in the Syuchatar
VDC, near Durga Nagar Colony) at the midnight of 16
September 2005 after a period of continuous rainfall from 9
to 12 September 2005. During the landslide event, the
horizontal fluvio-lacustrine strata constituting about 47 m
high and 106 m long cliff as well as about 50 m wide upper
flatland with paddy cultivation slipped towardsthe Manamati
River. The earthslide dammed the river for about 8 hours.
Later, itswatercourse was restored by excavating achannel
through the landslide debris. Though no human casualty
was recorded, alarge portion of fertile land with paddy was
destroyed. The landslide also endangered a few houses
located near its crown.

The Manamati watershed islocated in the southwest of
Kathmandu. Itisaforth-order stream of the Bishnumati River
(Fig. 1). The watershed is surrounded from the north, west,
and south by the topographic heights with elevations of
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2000, 1500, and 1700 m, respectively. These divides are
composed of metasedimentary rocks belonging to the
Phulchauwki Group (Stécklin and Bhattarai 1977; DM G 1998).

Thewatershed iselongated in the NW-SE direction and
contains gently dipping terraces composed of fluvio-
lacustrine sediments of the Lukundol Formation (Y oshida
and Igarashi 1984) comprising thick black clay, gravel, sand,
andsilt beds. Therelativerelief of theseterracesvariesfrom
10 (upstream) to 60 m (downstream).

The Manamati River isincised into the terrace deposits.
The incision is prominent in the areas upstream from the
landslide. The crown of the landslide is 47 m high. In the
landslide region, the river is slightly entrenched with a
relatively high flow capable of scouringitsriverbanks. Itisa
perennial river that can carry cobbles and pebbles during a
high flow.

TOPOGRAPHY OF LANDSLIDE AREA

A detailed (1:500) topographic survey of the landslide
area was carried out on 10ctober 2005 to reveal its
morphology. At the same time, detailed field investigations
were also done to assess its failure mechanism.

Thehillslopeinthevicinity of thelandslidewasclassified
following Y oung (1964). The natural slope on the left flank
of the landslide has an upper steep slope (29°) and a lower
moderately steep slope (13°). The slope angle decreases
gradually from the middle to the lower part (Fig. 2). The
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Fig. 1:Topography and drainage system of the Manamati water shed showing location of the landdide

natural slope on the right flank has an upper very steep
slope (37°), amiddle moderately steep slope (10°-18°), and a
lower moderate slope (10°). The middle and lower slopesare
the artificially modified surfaces.

The crown is almost a level surface (Fig. 2). Cracks are
well developed in the vicinity of the crown. The main scarp
has a very steep slope (43°), while the head has a steep
slope (21°). Two minor scarps are found close to each other
and are prominent towards the left flank. They also exhibit a
very steep slope of about 35°. On the right flank of the
landslide, the slope is moderately steep and forms a spur.
On the left flank of the landslide, a minor scarp has a steep
slope of about 26°. Some small-scale slump scarsarelocated
between the main and minor scarps.A transversedepression
exists north of the minor scarp, whereas aradial depression
occurs to the northwest of the spur on the right flank.
Numerous narrow depressions al so exist at thehead and the
zoneof depletion adjacent to theminor scarp (Fig. 2). Between
this depression and the foot of the landslide, there are
respectively very gentle and moderate (13°) concave slopes
exhibiting a slight bulge. But, locally there exist many
irregularitiesdueto the presence of blocksof debris. Further
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down, the foot of the slope has anarrow mound-like feature
parallel to the river, produced during the excavation of a
channel through thelandslidedam. Thelandslidetoeisvery
gentleandislocated on theleft bank of the Manamati River.

After the first survey, the landslide was monitored to
obtain information on its activity.

The area between the minor scarp and foot as well as
from the middle to lower slope on the right flank are being
modified due to slow mass movements and anthropogenic
activities. A large quantity of spoil is accumulated on the
right flank. Two minor scarps are still clearly visible on the
left flank of the landslide, but they are buried towards the
right flank by the spoil.

Lithology

The original slope before failure was composed of
stratified yellowish grey, light grey to dark grey mud with
plant fossils and pebbly sand (Fig. 4). Most of the main
scarp is made up of mud beds (Fig. 5a), which are coherent.
Some pebbly sand beds of 0.2 to 1.5 m thickness are
intercal ated with mud bedsat depthsbetween8and 12 m (Fig. 4).
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Fig. 2: Topographic map of thefirst surveyed landdide areain 2005

and silt are dispersed further down, up to the tip of the

In the landslide area, the main scarp and flanks exhibit
the original stratified deposits (Fig. 3). The minor scarps

landslide. The foot contains a jumble of landslide debris,

river channel sediments, plant debris, and piecesof concretewal |.

3). Seepage is also observed on the natural

Seepage is extensive in the vicinity of main and minor

scarps (Figs. 2
slopesalso. Owing totheland modification and construction

(Figs. 3, 5b) exhibit somewhat coherent strata dipping

southwards or towards the uphill direction. Utterly
scarp and the foot (Fig. 5¢). Smaller cohesive blocks of clay

fragmented bl ocksof the cohesivestratacontaining therelicts
of stratification are dispersed in the area between the minor
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Fig. 3: Geological map of landslide ar ea monitored in 2006

of concrete walls (Fig. 5d), subsurface as well as overland
flows were checked and directed towards the foot of the
slope and could have triggered the slide.

Landslide geometry

Following Cruden and Varnes (1996), alongitudina profile
(Fig. 6) and a topographic map (Fig. 2) of the landslide area
were used to obtain its dimensional parameters (Table 1).
The zone of depletion extends for about 45 m. The zone of
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accumulation of the main body isabout 85 mlong. The span
between inferred slip surface and toe is about 70 m. A
graphical reconstruction of the minor scarpsto their original
slope configuration allowed the estimation of adepth of slip
surface at 27 m. The volume of depleted mass (volume of
displaced material that overlies the surface of rupture but
underliesthe original ground surface) was 21.00x10%ne. The
volume of displaced material (material displaced from its
original position on slope and constituting both depleted
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Fig. 4: Litholog of theoriginal sratain thevicinity of landdide

and accumulated masses) was 26.48x10* n®. The displaced
material could have been dilated and then partly removed
by erosion. The length and height of the landslide were
203 m and 47 m respectively. In 2006, a small slope failure
occurred on the main scarp, and the length of landslide
changed from 203 mto 219 m.

CAUSESAND MECHANISM S OF FAILURE

The hillslopes of the Manamati watershed are subject to
valley rebound due to the river incision. Toe erosion of the
hillslope and removal of lateral support contributed to the
instability.

Prior to the landslide event, there was a precipitation of
29.3 mm on 9 September 2005 (DHM 2005). Then, aprolonged
rainfall (up to 12 September) had contributed to acumulative
precipitation of 50.7 mm. The rainwater infiltrated into and
percolated through the strata to reach the shallow water
table lying at a depth of 12 m. Consequently, the resulting
porewater pressure triggered the failure.

A double-ring infiltrometer was used to determine the
permeability of soils in the crown. Though the measured
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Table 1. Dimensional parametersof the Syuchatar Landdide

*Geometric parameters of landslide value
Length of surface of rupture, L, (m) 127.78
Depth of surface of rupture, D, (m) 27.05
Width of surface of rupture, W, (m) 116.00
Volume of depleted mass, V, = (?L.W,.D,)/6 (m°) 21.00x10°
L ength of displaced mass, L4 (M) 149.91
Depth of displaced mass, D g (m) 29.08
Width of displaced mass, Wq4 (m) 116.00
Volume of displaced material, Vg = (?LaWa.Da)/6 (M) | 26.48x10"
Total length, L (m) 202.68
Total height, H (m) 46.45

*Definition of parameters is after Cruden and Varnes (1996)

infiltration rate (Fig. 7) wasquiteslow (i.e. 0.53x 102 m/hr), it
was responsible to produce a positive porewater pressure.

A housing company had reclaimed the slope by
constructing a masonry wall on the right bank of theriver,
which presumably hindered the drainage system and
adversely affected the north-facing slopes in September
2005. Consequently, the overland flow infiltrated into and
percolated through the ground was obstructed by the
concrete masonry wall, and had ultimately concentrated
towards the foot of the slope. It increased the porewater
pressures leading to sliding.

The huge rotational earthslide appeared with two minor
scarps and several fragmented blocks. The slip surface of
the first minor scarp extended from the crown to the foot of
the earthslide. The second minor scarp was produced due
to successive slumping in the body of the first slumped
mass. Thedip directionsand amounts of thefirst and second
minor scarps were 34°/35° and 40%26°, respectively.

The scattered plotsof fragmented blocks (Fig. 8a) signify
a burst phenomenon. The poles to the strata constituting
the minor scarpsand fragmented blocks (upto 2 minlength)
show that the major direction of dispersal of blocks varied
between N13°W and N60°E (Fig. 8b). Two directional trends
of rotation of blocks forming the first and second minor
scarps were 34° and 40°, respectively. Similarly, the rotation
angles of the beds constituting the two minor scarps were
respectively 38° and 47°.

Present status of earthslide

After the main event of 2005, a number of small slope
failureswere observed around its main scarp inthe monsoon
season, i ndicating aretrogressivetendency of the earthslide.
A recent monitoring has revealed a number of shallow
mudflows from the landslide head and scarps (Fig. 9).
Furthermore, the housing company has continued
landscaping the slopes on the right flank of the earthslide
and it has piled up the spoil without considering the slope
stability. Sincethere are numerous cracksin thecrown (Fig. 9)
and aportion of it still continuesto slide, the landslide may
reactivatein the future.
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Fig. 5: Photographs showing: (a) Main scarp and strata; (b) Two minor scar ps(dashed lines); (c) View of landdide fromits
crown depicting the decreasing size of debris down the slope (white and black arrowsrepresent a small pond formed after
diding); (d) A close eastern view from theright flank showing three maotorable lanes and concrete walls acrossthe slope

(notethe modification of dope and narrowing down of river bank)
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Fig. 9: Three-dimensional view of therotational earthslidein 2007

CONCLUSIONS

Thevolume of the depl eted massand that of the displaced
material after the landsliding were 21.00x10* and 26.48x10*
m?, respectively. The landslide is a large-scale rotational
earthslidethat experienced successive sliding and gaverise
to two minor scarps.

Valley rebound and anthropogenic disturbances of slope
were the major causes, and rainfall was the trigger of the
rotational earthslide. The in-situ filtration rate at the flat-
topped crown was 0.53x10-2 m/hr of low infiltration rate that
was responsible to produce positive pore water pressure
laterally.

The trend and plunge of two main scarps were
respectively 34%35° and 40°26° with the difference of both
direction of rotation and degree of rotation. The
stereographic projection of polesto the original strata and
the dispersed huge blocks forming minor scarps showed
that the blocks slid towards N34°E and N40°E, and rotated
respectively to 38° and 47°. The fragmented blocks had
dispersed between N13°W and N60°E.
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