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the landslide areas and minimize the damage and to protect the
national park.
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Fig. 3: (a) Map of Shivapuri National Park showing the
slope aspect, (b) Map showing the different elevation range
and the slope greater than 30°, and (c) Map showing the
slope aspect and the slope angle greater than 30°.
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Study of stability of slopes of tunnel portals using modified SMR approach:
A Case Study of Lower Likhu Hydropoer Project

INTRODUCTION
The Lower Likhu Hydropower Project (28 Mw) is run-

off-the river type hydropower project located at Ramechhap
and Okhaldhunga district. The studied slopes are five headrace
tunnel portals, namely Seti Outlet, Seti Inlet, Poku Outlet, Poku
Inlet, Main Outlet, and one surge shaft slope. Modified SMR
approach is used for the slope stability assessment of the area
(Anbalagan et al., 1992). The general geology of the area
comprises of mainly two units: phyllite dominated and
metasandstone dominated rock units.

GEOLOGICAL SETTING
The general geology of the area comprises of two rock

units. Thinly foliated, greenish grey, slightly to moderately
weathered phyllite with intercalations of metasandstone and
quartzite is present on the northern part of the study area (Fig.
1). Fine to coarse grained, greenish grey to grey, fresh to
moderately weathered metasandstone with partings of phyllite,
and few interbedding of coarse-grained meta-conglomerate is
present on the southern part of the study area. The regional
geological map published by DMG (1984) shows that the area
lies in Seti Formation of Pokhara Sub-group, which comprises
of grey to greenish grey phyllites, gritty and quartzites with
minor conglomeratic layer with some basic intrusions.

METHODS
The field data were collected using standard geological

instruments. Modified SMR approach (Anbalagan et al., 1992)
was used for the slope analysis.

The stability of rock mass using SMR approach is
obtained using the Bieniawski’s Rock Mass Rating (RMRbasic)
and substraction of adjustment factors of the joint-slope
relationship and addition of a factor dependent to the method
of excavation.

ABSTRACT
The Slope Mass Rating (SMR) is widely used for stability assessment of rock slopes. The Modified SMR approach is used for the
stability assessment of six rock slopes in tunnel portals and surge shaft area of Lower Likhu Hydropower Project (28.1Mw). The major
rock types of the study area are Phyllite and Metasandstone. The study shows some probability of wedge and planar failures at some
slopes, whereas some slopes were found to be stable.

Key words: Likhu Khola Hydropower Project, Likhu Khola, Slope Mass Rating, Planar failure

SMR = RMRbasic – (F1.F2.F3) + F4, in which

RMRbasic is calculated according to Bieniawski (1979,
1989) by adding the ratings of five parameters, which
are:

i. Uniaxial Compressive Strength of intact rock material,

ii. Rock Quality Designation (RQD),

iii. Joint or discontinuity spacing,

iv. Joint condition, and

v. Ground water condition.

F1 is dependent on parallelism between joints and slope
face strike. The approximate relationship to obtain the
value of F1 is:

F1 = (1- sinA)2

Where, A denotes the angle between the strikes of the
slope face and that of the joints.

F2 refers to the angle of dip of the joint considered, and
value ranges from 0.15 to 1.
F3 is the relationship between the slope face and joint
dip angle.
F4 is related to the method of excavation.
Romana (1985) used planar and toppling failures for the

analysis using SMR. Anbalagan 1992 considered the plane and
wedge failures as different cases and presented a modified SMR
approach for slope stability analysis, which is used for the
present study. In this approach, the plunge and direction of dip
of the line of intersection of unstable wedge were used.

Five different slope faces of the tunnel portals, namely
Seti Outlet portal, Seti Inlet portal, Poku Outlet portal, Poku
Inlet portal and Main Outlet portal, and one in surge shaft area
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of the Lower Likhu Hydropower Project (28.1 Mw) were studied
for the slope analysis and the support were suggested for the
rock classes according to the obtained value of SMR.

RESULTS
Six rock slopes were chosen and RMRbasic for different

slopes were calculated (Table 1). The graphical analysis is
performed for the joints to deduce the mode of failure using
Dips (Fig. 2).

Fig. 2: Stereo-plot for identification of wedge

Table 1: RMR calculation at different locations

Surge ShaftMain Outlet

Poku InletPoku Outlet

Seti InletSeti Outlet
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formed at different locations were found to be partially stable
(Table 3). Spot bolting is recommended for the completely
stable slopes, spot or systematic bolting is recommended for
stable slopes, and systematic bolting with systematic shotcrete
is recommended for the partially stable slope to contain the
possible slope failure.
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The orientatation of intersection of the joint planes for
different locations were found as  shown in Table 2.

The analysis of discontinuities using the software Dips
produced eight different wedges probable to failure. The slope
stability of wedges was analysed using the modified SMR
approach, and the results are tabulated (Table 3).

CONCLUSION
Modified SMR approach was applied on six different

slopes containing different rock types. Among eight wedges
with potential wedge failure formed, three wedges were found
to be stable and partially stable and the remaining five wedges

REFERENCE

Anbalagan, R., Sharma, Sanjeev and Raghuvanshi, T.K.1992. Rock
Mass Stability Evaluation Using Modified SMR Approach,
Proceedings of 6th National Symposium on Rock Mechanics.
Bangalore, India. pp. 258–268.

Bieniawski, Z.T. 1989. Engineering rock mass classifications. 251p.
New York: John Wiley & Sons.

DMG 1984. Geological Map of Eastern Nepal.
Romana, M. 1985. New Adjustment Ratings for Application of

Bieniawski Classification to slopes, International Symposium
on the Role of Rock Mechanics,Zacatecas, pp. 49–53.

Table 3: Slope Mass Rating results

Table 2: Attitude of slope face (Strike/Dip amount/Dip
direction) and (Trend/Plunge) of wedge formed by
intersection of joint planes
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Estimation of Achievable Rate of Tunneling: A Case Study of Lower Likhu
Hydropower Project

INTRODUCTION

The Lower Likhu Hydropower Project (28.1 Mw) is run-
off river (RoR) type project located at Ramechhap and
Okhaldhunga Districts. The total length of the headrace tunnel
is 4797 m, and the excavation of tunnel is done by traditional
drilling and blasting process from six portals. The total of 1046.7
m has been excavated till 13.04.2019.

There are numerous uncertainties encountered during
the excavation of tunnels. The probable time of completion of
tunneling is grossly underestimated due to varying geology,
management complications, and different types of breakdown
or hold-ups. This paper includes the prediction of achievable
progress rate in the tunnel of the Lower Likhu Hydropower
Project using classification system developed by Chauhan
(1982).

METHODOLOGY

The assessment of rate of tunneling is done according
to the classification system (Table 1) proposed by Chauhan
(1982). The classification system comprises of classification of
two conditions: ground conditions and management conditions.

Classification of Ground Conditions

The rate of tunneling is seriously affected by the ground
conditions. The factors are:

a) Geology (RQD, dip/strike of strata, presence of major
faults, rock mass properties)
b) Method of excavation including blast pattern and
drilling arrangement
c) Type of support system and its capacity
d) Inflow of water
e) Presence of inflammable gas

ABSTRACT
The process of tunneling is very challenging process in case of Nepal due to complex geology and managerial complications. Proper
prediction of monthly progress rate under a definite set of ground and management condition is important in tunneling project for
achieving the milestone within the projected timeframe. This paper predicts achievable progress rate in the tunnel of the Lower Likhu
Hydropower Project.

Key words: Lower Likhu Hydropower Project, Achievable rate of tunneling, Run-off river type project, Tunnel

f) Size and shape of the tunnel
g) Construction adits
h) High temperature in very deep tunnels.
These geologic conditions are classified in the tunnel
into good, fair and poor conditions.

Classification of Management Conditions
The rate of tunneling varies in the same ground condition

depending upon management quality. The management factors
affecting the tunneling quality are:

a) Overall job planning, including selection of equipment
and decision making process,
b) Training of personnel,
c) Equipment availability including parts and preventive
maintenance,
d) Operating supervision,
e) Incentives to workmen,
f) Co-ordination,
g) Punctuality of staff,
h) Environmental conditions, and
i) Rapport and communication at all levels.
These factors are assigned to weighted rating and the

rating of all factors is added to obtain a collective classification
rating for management condition. Using this rating, the
management condition is classified into good, fair and poor.

Table 1: Ground and management factors (Chauhan 1982)


