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Abstract
Geologicalandgeotechnicabtudiesof the landslideoccurred alondNH-37 (Imphat
Jiribam road) near MakriBridge over Makru River (Lat 24x4 8 Nj4 7 . 9gnjN ; Lon
931 8B Nj . )Bwgkcarried outThe landslidehasan estinated dimension of 40m
length andL7m width.A few prominent, pervasivground cracks posssag variable
openings from 2cm tdOcm havebeen observedThe slide has occurredn the
downslope ofinew temporary service lane constracfer daily transportSlide area
encompasses a variably weathered, rocky mass of Jenam formation of Barail Group.
Delineated slide massonsistsof grey shale,silt and sandstone. The landslide has
been categorized aSshallow planad6 i n terms of t hTeeir f ai | ur e
geotechnical characterization indicatdk®e presence of poor rockmassth low
percentagef clay fraction. Based on the stability assessment of the slope forming
materials as well as consideratiof the elements at risk, remedial measuikee
construction ofined drains &retaining walls at different parts of the landslide body,

training of the stream courses, etc., has been suggested.

Background Information

Recentwidening of the existing roadench of NH-37 through large scale mechanised
excavatiorwas carried out near Makru Bridge to realign the r@dtbto 6) Realignment was
initiated to connect the road with the proposed concrete bridge over Makru River in place of
two existing suspensiobridges(Fig 1). Excavation of slope material has produced huge
amount of debris which was dumped alongside the rDading the construction of new
bridge and renovation of old bridge, NHIDCL constructed a temporary service lane over the
dumped material ithout consolidating itThere is constant passage of heavy loaded vehicle
through NH37. But newly constructed paof roadis not competenénoughto such heavy

load and ended ufailing. Informationabout the occurrence of slide was published in local
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newspaper named Nagaland Paktted 11" May, 2018(Photo 1) As a follow-up, a team
comprising two officers from GSI, SU: MN, Dimapur wsanton 18", May, 208 to assess
the ground situation and for detailed site specific studiesslided aredies at approx. 20m
Southof Makru RiverBridge and falk in SOI topographical sheet 884b (Photo 11)The
area is approachable through #8/[ by ImphalJiribamroad. The field visitwas undertaken
on 20.05.2018 and collected the information irpé2ametric data sheet.

Physiography andDrainage

The terrain is highly rugged, with a youthful topography. It is represented by long linear
ridges/hill rangesandvalleys. The general trend of the hill ranges is almost parallel to the
regional trend of the litho units (NN&SW to NS). The wo main hill ranges are passing
through the eastern and central part of the area, along Nurigkitmn Solingbung and Abin
and its maximum elevatiois 1433m MSL. The present area is drainedaasterly flowing
Makru River. The area is characterized lgubdendritic to sukparallel drainage pattern
which ismainly controlled by regional joints andulasystem.

Objective of the Study

The objectiveof the study is to carrgut preliminarygeological evaluation of the landslide

to understand the causal factors and failure mechanisnthenbasisof generated
geological inputalong with collection of 42point geeparametic dataand recommend

suitableshorttermremedial measures

Site Geology

Geologically, the landslide materiatompriseshighly weathered, jointed, sheared and
fragmentedshaleandsandstone adenamFormation The insitu soilor overburdemmaterial

ranges fron2-5m in thicknessMainly lithic arenitematerial of shale and sandstone of Jenam
formation has been excavated and loosely distributed and used for the construction of road as
a temporary type material. The slkitiportion of the roadcas beerconstructed over loose

noncompacted dumped material.
Slide Morphometry and Material

The slide measures 40m lengtiYym width, 4m depthnd 25m heightFailure mechanisms

plana. An important feature delineated at the right side of the road ipethasive ground
crack running near parallel to radéirther, the pervasive ground crackuttbbe traced for an
approx. 205 length(Photo 3) Significant featureslelineatedalong the roadide include the
2-10cm widelongitudinal crackswith visible op@ing depth of 0.5mon the temporary road

(Photo 2 & 3) A few prominent minotocal scarps of variable length occurring within the
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body of the landslidbavealso been delineatg#’hoto 2) These minor scarps are indicative
of secondary or later stageovements that have occurred subsequent to or in isolation to the

large scale failure of the landslide.

Structural data

General trendf the bed in the study area is NNESW (020°/46°W) dipping towards west.

Joints have been recorded in all the rock type8arail. Strike is better preserved in the
competent beds of sandstone and siltstone, but massive sandstone shows poor development of
joints. The predominansets of joints recorded in the area aeJ1=N20°Ek n c c, [ty
JL=N3°W/46c Thlli) J=N85°E with sub verttal to steep dip on either sidéhese arghe

prominent set of joints found in Barail Group of rocks.

Geotechnical Characterization of theslide material

The material was excavated from the upslope, consisting of alternatst@sn and shale
bedsof Jenam Formatioand dumped at the dovatope side of the roadPhoto 8) The rock
debris materiails mainly of lithic arenie nature During mechanised excavatiadhe rock was
fragmented to the size ranging from silthouldersup to 30cm sizeBut volume percentage
of silt and sand size is around 668@%. The material has less clay contdatived from

shale portion of the rock masghese properties indicate low binding strength of the material.

Failure Mechanism of the Landside

The failure mechanism of this landslide is directly related to the type and nature of material,
disposition of road materiads described abov@Photo 2) Prior to this incidence, hary
rainfall was reportedn 2'®May 2018and the same is responsible fidggering thelandslide

Due to heavy rainfallhigh infiltration of water causedhcrease inpore pessure, volume
sauration and weight and decreasdoad bearing capacity and naturahding strength of

the material As a resultmaterial in the slopeollapsed and slided down alotige plane.A
moderate slope of 3810° which can be treated as angle of repose along down slope of the
road material has been observed which was stable prior to heavy rainfall. The hatide o
material is lithicarenite, loose, wompacted with or with less clay percentabience on
account of less to moderate saturation by feeding of sudden heavy rain water with lack of or
marginal binding properties, the internal stable geotechnicehaméssm of the road material

has been disturbed and subjected to dilare of landslide.



L-Sectionof landslide
A section along AB line was prepared on 1:500 sdaledelineate shape of the slide and
disposition of slided material along the lengthhd# slide.Trend of AB line is285-105".

<—N2859 N105° —>

====: Alt. shale and sandstone

z;% Excavated part of the slope

-2 Dumped unconsolidated material
River
Joints=  J1=N20°E/46°>W, ,=N3"W/46°—E, J;=N85°E

Scale: Vertical/Horizontal
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Fig. 1L-section along AB line.
Causative Factors of the Landslide
Based on thepreliminary field studiesand analysis of the collectedata, it has been
interpreted that the landslide had occurred due to a combination of faglock are
recapitulatedelow:
1. Extensive dumping of slope excavated material down slope of the road, thereby
aggravating the instability of the slope through static loading.
2. Inherent poorock masgprofusely jointed, thinly beddezhal& sandstong
3. Unguided dowrslope flow of surface runoff from the road
4. Sulsurface flow of watefrom the nearby unguided nala (Photeday havesaturatd the
underlying materiaas indicated Y theseepage pointentified at landslid@ortion (Photo
6).
5. High annual rainfall in the area (appro0Dmm/yr).
Field-based Stability Assessment
In addition to the above, a fielohsed perspective stability assessment was carried out to
ascertain the probable zones of future failure as well as identify the stable zones, keeping in
mind the apprehension regarding the stability of teenporary seri¢e road and in case of
further reactivation of slides. Accordingly, the landslide zone for the same is described as

follows:



Field-based stability assessment of the landslide proneddreamporary serviceoad has

been assessed based on the following:

1. The rock exposed adjacent to this slide comprises thinly bedded, highly jeinéée with
interbedded thin andstone and ilsstone bands ofJenam Brmation and therefore,
represents a weak rockmg®hoto 8).

2. Daily passage of heavy laden traffic along tbad situated at the immediati®pe leading
to dynamic loading over the weak rockmassl further fragmentation

3. Lack of a linedroad sidedrain leading to percolation of surfacenoff into the weak
rockmass.

4. Dumpng of material andsubsequenslided material have caused shift in river course
towards opposite bank resultingtmtoe erosiontio the bankduring heavy monsoon.

Considering the above prevalent conditions as well as the inhergntmassproperties

described, it is apparent thatenmmittentsubsidence and slidd debrisfrom thepresent slope

can reactivate leading to damage of theexisting road. However continuous
observation/monitoring of the same especialbng theroadfor detection of any signature of
slope instability ar@dvised.

Observations

Thefollowing observationsvere made during the field visit

1. Road constructed over loogsgcompacted dumped mater{&hoto9).

2. Frequenfeedingby rain wateincreased pore pressure within the dumped material.

3. Landslide dimensions are recorded as 40 m length 17 m width and total affected stretch

of the road is 205 m.

4. The rock debris materials mainly constitute by the lithic aegemitaterial, highly
weathered, shale boulders with intercalated thin siltstone buauittls boulders of
sandstones.

Triggering factor is rain water
Due to debris material dumped along the riviercourse is slightly diverted easterly.

7. Daily passage of heavy laden traffic along the road situated at the immediate slope

leading to dynamic loading over the weak rock mass and fusliokmg/subsidencenay
occur.

8. Lack of a linedroad sidedrain leading to percolation of surface runoff inbt@ tweak
rock masss observedqPhoto 6).

Recommendedshort term remedial measures

1. Restrict the debris material by applying woodengé®ng the affected river course

arresteasterly scouring by théver and preventing furthexggravatiorof thelandslide



2. Use ofunconsolidated material for construction of servcad may be avoided~urther,
the rock material used for the rosiould bewell compacted before tarring of road.

3. Excessivedumping of slope excavatednaterial alongthe side ordownslopeof the
serviceroadmay be avoided
Linedroadsidedrainmay be constructett avoid thepercolation of surface runoff

5. Gabion walls may be constructedsing local quarry material for @m length of the
affected road along dowsiope side.

6. Proper drainage canal for the seepages and rain water along the road is strongly
recommended

Photographs

Photo 2: Right flank of the slide has devedgrackalong the failure planéor a distance of 140m.



Photo 3: Longitudinal cracks have appeared all along the road for a length of 205m at both flanks of
the slide.

Photo 5: Slided areaith left flank and course of the river.



Photo 6: Excavated slogad water accumulabn.

Photo8: Alternatebands of hale-sandstoneof Jenam Formation



Photo 9 Dumped loose raterial seen from the opposite slope.

Phao 10: Panoramic view of the slide affected area.

Photol1: Google earth image of the slided area. Slice &ound 25 from MakruBridge



