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Abstract Landslide on a mountainous stretch of the National Highway is a serious
concern because they hinder traffic. Anthropogenic activities in the large-scale exca-
vation of the natural slope to expand the existing national highway can significantly
alter the slope mass sliding properties. The present study examines the rock mass
current geotechnical state and the locations of potential failures in the Imphal Jiribum
national highway of (NH-37) in Manipur. Rock mass characterizations and uniaxial
compression strength tests have been carried out for the entire study area. According
to kinematic analysis and field observations, the study result reveals that the Nungkao
landslide is unstable. Wedge collapses are dominant. The factor of safety for rock
wedge failure mode has indicated stable conditions. Based on the plasticity index
chart, soil samples collected from the site have lower moisture content, which indi-
cates that the soil is of an inorganic origin. The negative (—ve) value of the liquidity
index (—1.18) and the positive (+ve) value of the consistency index (3.03) infer
that the slope materials remain in the solid-state or semi-solid state, which indicates
the slope is stable. Safety factor calculation also shows stable soil slope conditions.
However, frequent slides still occur in the area. Effective preventive measures are
suggested to improve slope stability accordingly.

Keywords Slope mass rating (SMR) - Kinematic analysis + Uniaxial compressive
strength (UCS) - Factors of safety + Nungkao—Manipur

7.1 Introduction

Landslide generally occurs in mountainous and hilly areas with thick or thin soil
and/ or weathered rocks. It is a common natural hazard in the hilly terrain of
Manipur, causing immense threats to life, extensive losses, and environmental prob-
lems. Despite advances in science and technology, economic and societal losses due
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to landslides are still a major concern in the public domain. The study area is an inte-
gral part of the mobile belt of the Indo-Myanmar Range. In any weather, the frequent
landslides on Highway 37 obstruct the free flow of traffic. People and infrastruc-
ture may be put at risk because of the unpredictability of rockfall events’ frequency
and size (Dorren 2003). Natural slopes become more vulnerable to failures when
converted into cut slopes by human intervention for the purpose of transportation
work, construction of dams, bridges, tunnels and other civil engineering structures
(Vishal et al. 2010; Das et al. 2010). In the wet season, Nungkao road cut slope is
particularly fragile and often suffers from rock falls. A number of hanging blocks
have been discovered on site slopes as a result of blasting and mechanical excavation.
The area is vulnerable to collapse because of the steep slope of the road. Geome-
chanical classification of the rock mass (Bieniawski 1979) was also used, with the
application of a rock mass rating (RMR) system (Bieniawski 1974, 1975, 1976,
1989). RMR is a rating-based classification method in which ratings have been given
to different parameters influencing the stability of rock mass, and their algebraic sum
defines the quality of rock mass.The methodologies applied are obviously simple but
an effective ways to describe the potential behaviour of the rock mass with respect to
the probability of occurrence of slope movements. A greater knowledge of the vari-
ables that lead to landslides may help reduce the risk of rockslides. Rock mass rating
(RMR) is a useful tool in describing rock masses among the several approaches for
identifying rock masses. The RMR method is used to examine the strength of the
exposed rocks on the slope face, the spacing and direction of discontinuities, and the
conditions of groundwater. Generally, a landslide study aims to interpret the safety
factor of either or both the soil and rock slopes by applying the most feasible and
reliable techniques from the available resources.

7.2 Study Area

The Barak basin is a crucial element of the Indo-Myanmar orogenic belts. The
Nungkao Landslide is located at 24°46"29.00°N and 93°18°45.00“E on toposheet
No. 83 H/5 of the Survey of India. The landslide is located at an elevation of 264 m
above sealevel, around 138.6 kms from Imphal, the capital city (Fig. 7.1). Itis located
at Tamenglong district of Manipur along Imphal-Jiribam National Highway 37.

The rock exposure in the present study area belongs to the Surma group of rocks
(Fig. 7.2). It occupies most of the western hills of the state, Manipur. Surmas are
considered as the molasse deposits, which are well developed in Mizoram and have
its extension up to Manipur and Nagaland.

Intercalations of light grey, fine to medium grain; thickly bedded, massive sand-
stones and dark grey, fine-grained; laminated to thinly bedded shale and siltstone form
this group. Sandstone from Surma is composed of quartz, lithic pieces (plagioclase),
and K-feldspar. The block size varies widely across slopes, resulting in irregular rock
falls. Despite the fact that mechanical excavation has caused the parallel bedding
joints to lose their continuity, their persistence has been substantially decreased. The
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Fig. 7.1 Slope section of Nungkao Landslide showing variable block size due to uncontrolled
blasting

most common method of detaching a wedge is not by sliding it along the junction
line but rather by causing it to fall naturally. The other causes of the landslide are
structural features and lithological parameters, which are aggravated by anthropo-
logical and other factors. An attempt has been made to interpret the nature of the
slide/fall in the area.

7.3 Methodology

The methodology designed for this study is to identify potential points of failure in
the region. To begin with, a geotechnical examination on soil and rock is carried out.
Further, combined data (persistence, spacing, aperture, and infilling) are analysed.
Using RMR and failure mode analysis, SMR values shall be obtained for each block.
The steps in the process are described in detail in the sections that follow.

7.3.1 Geotechnical Approach

In order to determine the strength of the slope-forming rocks and soils, a study on
mechanical strength is essential in landslide investigation. The mechanical strength
of rock and soil may be evaluated using a variety of techniques. The characteristics
of rock strength in uniaxial compression (C,), in tension (T), and in shear (t) are
widely used parameters of rock mechanics. Uniaxial compression and Brazilian
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Fig. 7.2 Geological map of Manipur showing Nungkao landslide

tests are used in this investigation to evaluate the unconfined compressive and tensile
strengths of rocks from the Surma group in the study region. The “Core Drilling
Machine” is used to cut samples perpendicular and parallel to the bedding. Samples
of a cylindrical core with a length-to-diameter ratio of 2:1 and 1:1 were obtained for
the Compressive and Brazilian tests.

Compressive Strength International Society for Rock Mechanics (ISRM) recom-

mends a standard approach for evaluating the compressive strength of rock with a
42 + 3 mm diameter cylindrical sample. Four samples, each one parallel to and
perpendicular to bedding, have been tested and it is represented by relationship

Co = C5(0.8 +0.2/D)

(7.1)
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Table 7.1 Mean Uniaxial Compressive strength (UCS)

Rock sample nature | Load (P) in kN | Mean diameter (cm) | Radius (cm) | Compressive
strength Cp =
P/A(P/mtr2) in MPa

Parallel 55.04 3.29 1.65 64.75

Perpendicular 71 3.308 1.655 89.75

Mean 66.02 33 1.65 77.25

where, Cy is the observed compressive strength, D is the diameter of the specimen for
which 2 > D > 1/3 is assumed, C; is regarded as the standard compressive (uniaxial)
strength (at least three tests conducted).

Generally, the uniaxial compressive strength, Cy is given by

Cyo=P/A (7.2)
where, P = applied load, A = cross-sectional area of the sample. Uniaxial compres-
sive strength is determined for the Surma sandstones parallel and perpendicular to
bedding, and the results are shown in Table 7.1.

Tensile Strength 1t is also called Brazilian Test. The same compressive machine
is used in this test. When the compressive force is applied to the sample, it fails due
to tension. So, tensile strength is given by

Ty, = 2P/nDL,; (7.3)
where P stands for the applied force, D for the sample diameter, and L for the sample
length

The International Society for Rock Mechanics (ISRM) recommends a 54-mm
diameter, a 200-N-per-second stress rate, and a 200-N-per-second tensile strength
(ISRM 1981):

Ty, = 0.636P/DL; (7.4)
where P stands for the applied force, D for the sample diameter, and L for the sample

length. Tensile strength determined by the Brazilian test is presented in Table 7.2.
Failure Envelope

Table 7.2 Mean tensile strength

Rock sample Load (P) in kN | Mean diameter | Mean length (cm) | Tensile strength T
nature (cm) = 2P/nDL(MPa)
Perpendicular | 13.96 3.32 3.48 8

Parallel 11.625 3.321 3.4375 6.5

Mean 12.79 3.32 343 7.25
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Fig. 7.3 Mohr’s failure T=cto,tan ¢
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Table 7.3 Strength parameters of samples

Rock sample | Cohesion C (MPa) | Internal friction | Normal stress o, | Shear strength t =
angle, ¢ (MPa) C + optand (MPa)

Perpendicular | 12.65 55.75 5.25 23.14

Parallel 9.00 53.87 6.37 17.72

Mean 10.81 54.81 5.81 20.43

Mohr’s stress circle, which displays compressive strength values to the right of
zero on the circle, can be used to display the results of these tests.

Tensile strength is to the left of zero on the horizontal axis. The diameter of
the circles is determined by the uniaxial compressive and tensile strength factors
(Fig. 7.3). Figure 7.3 shows a common tangent created between the two circles. When
the Y-axis or Shear Stress t-axis (Y) is intersected with this line, the value of cohesion,
C, is calculated. The magnitude of normal stress is given by the point where this
tangent intersects the right circle, o, (along the x-axis). The failure envelope may be
calculated using the formula T = C 4 optand, i.e., its shear strength parameters(Table
7.3).

As a result, an average UCS of 77.25 MPa is used for slope stability study of
RMR and SMR rock.

Kinematic Analysis Discontinuities data are collected from the field to analyse
various slope failure modes. Rockpack III software is used to establish the mode
of slope collapses. The discontinuity data collected from the field is analysed and
aggregated in a scientific manner (Fig. 7.4).

The intersecting line of discontinuity planes is found in the shadow zone, with a
60°/092° dip, using Rockpack III. The most common type of landslide collapse is
wedge failure. During a wedge failure, the slope face’s dip angle is less than the line of
discontinuity’s plunge angle (Markland test). Researchers Markland (1972), Hocking
(1976), Cruden (1978), Goodman (1976), Hoek and Bray (1981), Lucas (1980),
Matherson (1988), Yoon et al. (2002) and Saranaathan and Kannan (2017) have used
this strategy. The probability of failure and the mode of failure are determined using
discontinuity-slope surface connections (Kliche 1999). Technically, the breakdown
was caused by a wedge failure (Fig. 7.4).



7 Geological and Geotechnical Studies of Nungkao Landslide ... 151

() (b)

Fig. 7.4 a Field photograph and b Stereoplot showing probable mode of Wedge failure

7.3.2 Rock Mass Rating (RMR)

The modified RMR (Bieniawski 1979) utilizes the first five parameters, namely rock
strength (RQD), spacing of discontinuities (discontinuity conditions), and ground-
water conditions, to classify rock masses (and discontinuity orientation). All the
ratings are algebraically summarized and can be adjusted with discontinuity orien-
tation as shown in the following equations, and the values so obtained are shown in
Tables 7.4, 7.5, and 7.6.

RMR = RMRy,i. + adjustment of discontinuity orientation (7.5)

RMRpusic = Z parameters (i + ii + iii + iv + V) (7.6)

Table 7.4 Slope characteristics and Strength Parameters of the Landslide area

Station Location Attitude | Type of Discontinuity | Degree of | Strength
of slope | Rock attitude (°) weathering Qc (MPa)
©)

Nungkao |24°46729.00"N | 65/081 | Massive to | 66/057 Low 77.25

93°187°45.00°E thickly 80/163
bedded
sandstone
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Table 7.5 Orientation of Discontinuities and Slopes
Station Aj Bj As Bs Aj-As Bj + Bs—180 Probable failure
Nungkao 98 81 81 65 17 34 Wedge

Table 7.6 RMR Determination
Station Strength |RQD |Spacing |jL |jR |jA |jC |Ground water |RMR
Nungkao |7 17 15 2 2 1 4 15 58

jL = joint continuity or length, jR = joint roughness, jA = joint alteration, jC = joint condition
factor

The algebraic sum of the parameters is the numerical value of RMR. It is indicated
that the RMR value belongs to the fair rock category of class III. Slope mass rating
(SMR) is a modified form of Bieniawski’s rock mass rating used to evaluate slope
stability. To overcome the shortcomings of RMR, Romana (1993) suggested the
SMR system, which includes adjustment factors (Fy, F;, and F3) in RMR. Finally,
Eq. (7.7) can be used to calculate SMR (Romana 1985, 1993; Romana et al. 2003).

SMR = RMR;, + (F1 x F; x F3) +F4 (7.7)

Bieniawski rock mass classification RMR index is F; is the parallelism between
discontinuity dip direction and slope dip; F, is the discontinuity dip; Fj is the slope-
discontinuity connection, and F is a correction factor that varies based on the exca-
vation method. The value obtained from the addition of adjustment factors is then
summed up with RMRp in order to get the total SMR value (Table 7.7).

Due to the modified SMR study’s inability to show the factor of safety (F) insta-
bility’s full extent, a stability analysis based on Hoek and Bray (1981) wedge failure
calculation may be used.

7.3.2.1 Calculation of Factor of Safety (F) for Wedge Failure

In the present study, the calculation of the factor of safety (F) is governed by Hoek
and Bray’s (1981) method. In the mode of failure, planar, wedge, and toppling are
considered. Wedge failure is observed and accordingly makes an attempt to interpret
safety factors. For wedge failure, the following formula is utilized

3 w w
F=—(CaX+CpY)+(A=22 X\ Tanz, + (B — 22.¥ | Tang,
yH 2y 2y

where, Cqand Cp are the cohesion of the planes A and B.
@ sand @ pare the angles of friction on joint/weak/discontinuities planes A and B,
respectively
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Table 7.8 Result of soil test for Nungkao

Moisture | Specific | Plastic |Liquid | Shrinkage |Plasticity |Liquidity | Consistency
content gravity limit limit limit index index index

12.91 2.6 22.02  |26.5 30.22 4.48 —1.18 3.03

Table 7.9 Values of

Liquidity Index (I ) and Consistency Liquidity Index (Ip) (Clor)lsistency Index
Consistency Index (Ic) to c
consistency of soil (Murthy’ Semi-solid or Solid Negative >1
2007) State
Very stiff state 0 1
Very soft state 1 0
Liquid State(when |>1 Negative

disturbed)

y is the unit weight of the rock in g/cc, y,, is the unit weight of water in g/cc, and
H is the total height of the wedge in cm

X, Y, A, and B are dimensionless factors that depend upon the geometry of the
wedge

X = Sin924 / Sin645.C052na

Y= Sin613 / Sin635.Coslnb

A = Cos\r, - Cosrp.CosOhany / Sinrs.Sin20,, np

B = Cos{y, - Cosra.CosOyanp / Sinr5.Sin26,, b,

where,r, and \{r, are the dips of planes A and B, respectively, and {5 is the dip
of intersection.

7.3.2.2 Study of Soil Properties

In landslide investigation, it is essential to understand the characteristics of soil
morphology. Laboratory analysis of soil samples was done, and the results are
presented in Tables 7.8 and 7.9.

The soil samples fall into the inorganic clay group on the plasticity index chart,
suggesting a more inorganic soil composition. Consequently, the (—ve) liquidity
index (—1.18) and the (+ve) consistency index (3.03) suggest that the slope-forming
materials exist as solid or semi-solid material.

7.3.2.3 Shear Strength

Landslides and foundation failures may occur if the soil does not have the ability to
withstand such shear loads (Liu and Evett 1981). Soil gains its shear strength from
its internal friction angle and cohesion and can be measured using the Coulomb’s
equation,
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Table 7.10 Normal stress

Sample No. kN/m? kN/m?
and shear stress parameters of ampe %0 o (kN/m) © (kKN/m)
soils of Nungkao Landslide S-1 9.8 3.1
area S-2 19.6 4.7
S-3 29.4 6.96
t =c 4 o,Tan¢ (7.8)

where, ¢ = cohesion, o, = Normal stress and ¢ = Internal friction angle.
Three soil samples were taken for direct shear test in the laboratory, and the results
are shown in Table 7.10.

The shear strength parameter of the soil is determined as
Cohesion, ¢ = 1 kN/m? and
Internal friction angle, ¢ = 20°.

7.3.2.4 Calculation of Factor of Safety for Soil

Slope angle = 65° Cohesion, ¢ = 1 kN/m? = 1, 000 N/m?
Internal friction angle, ¢ = 20° tan¢ = tan20° = 0.36397
Slope height, H =75 m Unit weight, y = 0.2548 kN/m> = 254.8 N/m’

Now we get,

c 1000

= =0.1438
y-H-Tangp  254.8 x 75 x 0.36397

Again, from the Chart 2 (after Hoek and Bray 1981), corresponding to this value
which intersects slope angle (20°),

"
NP _ 08

0.36397
=——=13
0.28

As a result, the slope of Nungkao has a factor of safety of 1.3, which is greater
than 1, and so falls under the stable slope criterion.



156 Kh. Mohon Singh and M. Okendro

7.4 Results and Discussion

Prepared core samples which are perpendicular to bedding showed higher compres-
sive strength than those taken parallel to bedding, suggesting the presence of struc-
turally weak planes or surfaces, as well as other irregularities that are almost invisible
to the naked eye. The main type of rocks comprises the intercalations of Sandstones
and Shales, where the outcrop exhibits near horizontal bedding and many joint sets.
Block/wedge failure results from a succession of varying-sized wedges formed by
the intersection of joint planes with respect to the slope angle. In Table 7.11 (Slope
Stabilization), the Rock Mass Rating value is 58, which is in the fair category of
class III (Table 7.12).

After a thorough investigation of the soil it is inferred that the factor of safety for
soil has 1.3, suggesting stable condition. The soil cover at slopes is very thin, and
therefore, it may not cause any kind of major landslide. A small stream of first-order
runs near the area which may bring changes in the hydrostatic condition of the site
by increasing its weight after getting saturated with water during the rainy season.
In addition, anthropogenic activity such as a faulty road cut design and an incorrect
blasting technique might have triggered the slip and fall.

7.4.1 Wedge Failure Safety Factor Calculation

See (Table 7.13).

Two Prominent joint planes are mainly responsible for the failure of this slope
which is clearly revealed through kinematic analysis (Fig. 7.4), and consequent anal-
ysis interpret the factor of safety following the Hoek and Brown wedge failure tech-
nique using stereo plot (Fig. 7.5). From the analysis it shows that the wedge failure
analysis through stereo-net, the plunge of the two intersections is 60° and its direc-
tion of movement is at N92. The safety factor is greater than 1, indicating stable

Table 7.11 Description of

SMR classes (Romana, 1985) CLASS 1
SMR 41
DESCRIPTION Fair
STABILITY Partially stable
FAILURE Some joints or many Wedges
SUPPORT Systematic

Table 7.12 Support for SMR Classes (Romana, 1985)
SMR CLASS Support Description

I Systematic Systematic bolting, dental treatment, bolting, net toe drains
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Fig. 7.5 Stereo-plot of data for wedge stability analysis

Table 7.13 Wedge analysis calculation (Hoek and Bray, 1981)

157

Inputs Values Calculation
_ o _ __ cosya—cosyb.cosOna.nb __
ba : gg" gos Wa : gig; A= sings.sin*Ona.nb =0.524
Wh : 60° .OS \Jjb__ ) B — cosyb—cosya.cosOna.nb __ 0.522
3’5 - 096° zlélsllejs - 08660 105 - sings.sin®0na.nb -
na.nb = nanb = —V.
Sin Opanb = 0.995
o . Sing
45 = in 045 = 0. Sing
O2na = 79° Cos B2py = 0.191 Y = sugysconnny, = 6089
013 =75° Sin 013 = 0.966
935 = 66° Sin 935 =0914
O1np = 80° Cos O1pp = 0.174
zAzggz %E?:i.ﬁs F=3VC—;§,.X+3VC—§.Y+(A—g—;.x)Tan@AJr
B = B = 1.
y = 2.65 glcc y=12.65 (B - %.Y Tane@p = 7.2105
Yo = 1 glcc Yw/2y = 0.1885

Ca = 1,080 gf/cc
Cp = 1,080 g/cc
H = 1,600 cm

3Ca/yH = 0.763
3Cg/yH =0.763
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condition. Both soil and rock revealed the stable condition of the study area, but the
site has been affected by recurrent slides in almost all the rainy season, either as rock
fall or as soil slides and sometimes together.

7.4.2 Preventive Measures

Some loose and dangling blocks have been uncovered on the slopes after an incor-
rect blasting procedure. A steel wire net must be installed to support the weight
of the blocks and prevent them from collapsing into the streets. A popular way to
stabilise slopes by minimising movement-inducing stresses is to remove any unstable
or potentially unstable blocks. Another measure to be adopted in this site is to reduce
the slope angle of the road cut. With respect to the slope height, it is necessary to have
at least two benches so that the rock falling from a great height cannot directly hit the
road, which is highly dangerous during heavy vehicular traffic movement. Benches
at a minimum width of 2.5 m and drainage ditches to remove water away from the
slope are highly recommended. Thus the site needs to have a proper drainage facility,
otherwise, percolation of rain or surface water through the weak planes can cause
weakening of the shear strength of rocks, thereby initiating sliding/falling of rock
blocks.

7.5 Conclusions

Using RMR and SMR, the current research area offers information on the nature
of the rock mass as a whole. The failure of the wedge is confirmed by a kinematic
examination of the region. A stereographic analysis utilising Rock pack III software
detected the various types of slope failure by methodically processing and tabulating
discontinuity data acquired from the field. There is a strong likelihood that the land-
slide will fall as a wedge if its joints (J1 and J2) are located in the shadow region,
where the intersecting lines of discontinuity are 60°/092°. According to the plasticity
index chart, soil samples taken from site slopes have lower moisture content, which
indicates that the soil is of an inorganic origin. As a result, the slope-forming materials
are solid or semi-solid, as indicated by the (—ve) value of the fluidity index (—1.18)
and the (+ve) value of the consistency index (3.03). As a result, the rock mass along
NH 37’s slopes is only partially stable. Both rock and soil analyses indicate a stable
condition of the study area; however, still a major threat to vehicular movement in
this area due to the frequent slides almost every year.
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