
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 06, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 2112 

Slope Stability Analysis of a 15m Slope in Morni Region of Shivalik 

Himalaya 
Tarun Goel1 Vinod K. Sonthwal2 

1PG Student 2Associate Professor 
1,2Department of Civil Engineering 

1,2NITTTR Chandigarh, 160019

Abstract— Shivalik Mountains form the outer boundary of 

the great Himalayas. Morni Region of Panchkula District in 

Haryana is located at the foothills of Shivalik Himalaya. 

This whole region is prone to earthquakes and also heavy 

rainfall intensity of this region makes it prone to landslide 

induced slope failures. The importance of safe construction 

practices that are in harmony with the conditions prevailing 

in this region can’t be overemphasized. This study aims to 

analyze and provide for slope stability solutions for the 

slopes of Morni Region. The method adopted for this study 

is Strength Reduction Method (SRM) and the slope 

modeling would be done in MIDAS GTS NX, a finite 

element based software for slope failure simulation. The 

slopes would be analyzed for a slope height of 15m for fixed 

values of cohesion and angle of internal friction. The 

engineering properties of the soil sample would be 

determined in the laboratory and based on that slope 

analysis would be carried out. The study also intends to 

provide solutions for failed slope by carrying out shotcreting 

and soil nailing as strengthening measures. 
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I. INTRODUCTION 

Morni Hills of Shivalik Himalaya in Panchkula District is 

the wettest region of Haryana State next only to Ambala 

District. The region falls in the Seismic Zone 4[1] making it 

vulnerable to the imminent threat of earthquake. No major 

earthquakes have been reported in this region in recent past 

though tremors and aftershocks have been frequently been 

observed and reported here located at the foot hills of 

Shivalik Himalaya. For any earthquake sensitive zone, 

heavy rains often create instability issues like landslides and 

slope failure. [2] Moreover, the soil type in this region is 

found to be predominantly clayey in nature. In zones where 

sand or gravels are found, clay percentage is found to be 

considerably high. [3] In order to tackle this situation, this 

study aims at slope stability analysis and providing solutions 

of the slope of Morni Area using Finite Element Method 

based software Midas GTS NX. [4][5] The Strength 

Reduction Method (SRM) is adopted for this particular 

study. The slope chosen for this study was undulating in 

nature and was devoid of vegetation making it even more 

vulnerable to slope failure. [2] Tests were performed on soil 

samples brought from the site and tested in the laboratory 

for determination of soil type and its strength parameters. 

The selected site was tested for varying slope heights. 

Higher Order Element meshing was done to obtain precision 

while determining Factor of Safety and a relationship 

between F.O.S. and slope height was established. The slope 

was further studied for two different periods namely wet and 

dry period and slope failure behavioural change was 

observed.   

II. RELATED WORK 

MIDAS based on SRM is an effective method to analyze 

slope failures as compared to the traditional method of Limit 

Equilibrium. Dawson et al [6] established this fact through 

their study which emphasized on the importance of non-

assumption of failure surface while analyzing a given slope 

for failures. Similarly, Griffiths and Lane [7] also observed 

the same and they concluded that SRM give accurate and 

precise results as far as location of the slope failure critical 

surface is concerned Saikia et al [8] conducted SRM 

analysis on soil slopes of Sonapur in Meghalaya using 

MIDAS and observed that increasing angle of inclination of 

the slope lead to decrease in the factor of safety values.  

Dynamic analysis for the slopes was performed both during 

the wet and dry period and none of the slopes were found to 

be stable against earthquake induced dynamic loads.  

III. METHODOLOGY 

Based on SRM, the analysis case setting for the present 

study was done after performing laboratory investigations 

for the soil brought from site. The methodology details are 

given below 

 Soil Sample Collection: Disturbed Soil sample collected 

from Morni Range Area from a landslide prone near 

Mandhna Village.  

 Laboratory Testing of Soil Material for Classification of 

Soil and Determination of Engineering Properties 

 3D FEM Modeling of Slope on MIDAS GTS NX 

software tool 

 Post Processing via Strength Reduction Method for 

determining Factor of Safety of the soil slope at 

different height and slope angles. 

 Strengthening of soil slope via Soil Nailing, 

Shotcreting, and Geogrid strengthening and re-

determination of Factor of Safety of the soil slope. 

IV. LABORATORY FINDINGS 

The properties of soil sample obtained from laboratory tests 

are shown below.  
S. 

No. 
Parameters Determined 

1 
Liquid Limit 

(wL) 
29.3% Plastic Limit (wp) 21.63% 

2 
Maximum Dry 

Density (MDD) 
21.4% 

Optimum 

Moisture Content 

(OMC) 

12% 

3 
Cohesion Factor 

(c) 

24 

N/m2 

Angle of Internal 

Friction (φ) 
280 

4 Bulk Density of Soil 18.76 kN/m3 

Table 1: Laboratory Investigations Values 
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A slope with 15m height was modeled on the 

software and chosen for the slope stability analysis. For the 

same (c, φ) values, effect on slope stability was observed. 

Further, depending upon the type of failure appropriate 

strengthening measure was also adopted to check the overall 

performance of slope post failure.  

V. PROPOSED MODELING 

15m slopes were modeled in MIDAS. The (c, φ) values 

were kept the same and material properties were assigned to 

the soil slope.  

 
Fig 1:  Dry Slope 15m 

 
Fig.2: Dry Slope 15m Side View 

VI. SIMULATION & STRENGHENING RESULTS 

SRM analysis was conducted on the given slopes and 

following simulation results were obtained.  

 
Fig. 3: Dry Period Maximum Shear (15m) 

 
Fig. 4:  Dry Period Maximum Shear with Soil Nails (15m) 

 
Fig. 5: Dry Period Maximum Shotcrete (15m) 

The slope performed better when it was 

strengthened by means of Shotcrete in place of Soil Nails. 

The shear failure distribution changed substantially upon 

insertion of both the strengthening measures. 

The factor safety comparison for Shotcrete and Soil 

Nails are shown below. 

 
Table 2: Factor of Safety: Dry vs Anchored Soil Nails 
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Table 1: Factor of Safety: Dry vs Shotcrete 

VII. CONCLUSION 

Through this study, it is deduced that shotcreting as a 

strengthening measure for slopes of 15m height for the soil 

type belonging to Clayey Sand group can be adopted as it 

increases the factor of safety by a substantial percentage of 

29%. Moreover, adopting shotcreting as a strengthening 

measure also redistributed the shear that was produced in the 

soil mass making the overall slope stabilized.  
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