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ABSTRACT 

The Kingdom of Bhutan is located in the eastern Himalayas approximately between latitudes 26° 

41’52” N to 28° 14’ 52” N and longitudes 88° 44’ 54” E to 92° 41’ 7” E. The 38,686 square kilometers 

of landlocked and isolated mountain country has elevations ranging from about 160 meters in the 

southern part to more than 7500 meters in the northern part. People habituating along the steep slope 

valleys with river flowing at the foot of gorges are the finest epitome of exquisite scenery for outside 

world. However, such slopes particularly the unstable and loose ones pose greatest threat to the mankind 

and the development of the country. The complex arrangement of topography, constant tectonic 

movement and others human induced activities accelerate the landslide which are already active. The 

landslide problems in Bhutan dates back to 1960s when first road construction took place in the country. 

Every monsoon season is marked with countless landslide across the country, among which the landslide 

between Phuntsholing to Thimphu highway is the most frequent and disparaging. Many people lose 

their valuables and lives during the summer season every year due to landslides and falling stones on 

the highway. This research will help in bettering the knowledge in landslides and also combating it with 

necessary means. The main objective of this study is to comprehend the activating processes and 

mechanism of the landslide as well as examine to predict the possibility of another landslide by seeking 

natural causes and anthropogenic factors. 
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1.  INTRODUCTION 

 

Landslide problem has become one of the undeniable hurdles when one talks about 

developmental activities in the Himalayan regions. Every year Bhutan is facing numerous 

landslides or geohazards related activities which are making lacunae in gross economic 

development of the entire country. The fragile geology of the Himalayan area is prone to 

landslides and soil erosions especially during the monsoon season 

. As the summer season approaches, the area along the Pasakha highway in Phuentsholing 

outnumbers the frequency of landslide compared to any other region in the country, therefore 

alarming the local municipal authority. Soil erosion during monsoon and fragile geology of the 

region are the main causes of landslides. In 1999, a slope failure occurred in Balujhora, Pasakha 

which consequently caused significant damage to agricultural lands, transportations and to the 

localities. Around 39 people died due to the landslide. 

 

 
 

Figure 1. Some of the Active landslide of Chukha, Bhutan. 

 

 

At present in Bhutan, ground reality survey adjudged that landslides are the result of 

heavy rain-falls and anthropogenic activities in mountain climate change also increasing 

landslide risk in this region. So, an urgent need has come up for the theoretical and empirical 

bases for this assertion to identify through the mechanisms by which climate can induce land 
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sliding and examines the manner in which these mechanisms may respond areas. Apart from it, 

human-induced to changes in a range of climatic and soil parameters. It is argued that inherent 

limiting stability factors, which vary with different terrain conditions and landslide types, 

ultimately govern the nature of response to changing climate. Several modelling approaches are 

needed to be evaluated on the basis of their potential to predict landslide response to climate 

projections. Given reliable input data of appropriate form and resolution, the existing slope 

stability, hydrological, and statistical models are for the most part capable of yielding useful 

prognoses on occurrence, reactivation, magnitude and frequency of land sliding 

 

 

2.  METHODLOGY 

2. 1. Approach 
 

 
 

Figure 1. Methodology. 
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The sequential and processes of research philosophy to identity the governing factors that 

causes landslides are shown in Figure 2. The copious studies were made before the site visit 

and valuable information on past landslide were collected from various scholars. All the 

stretches along Phuentsholing – Thimphu which is approximately 98 km was visually 

investigated and demarcated into 16 zones. Soil samples are collected from each of these active 

landslide zones and analyzed for various mechanical properties. On contrary GPS coordinate 

were collected and topographical survey was done to quantify the extend of slope failure. 

DHMS, satellite images and Topographical Map (78F/05) were collected from Department of 

geology and mines and Ministry of work and human settlement which are the paramount entity 

for future research work of landslide zonation and soil map formulation using GIS. Soil 

samplings, shallow pitting and various engineering soil properties were determined in the lab. 

A partial hypothesis was drawn on the mechanism of landslide pattern occurring in study area. 

Finally, the result obtained shall be validated and verified in an engineering modeling. 

Mechanical and various Index properties such as water content, density, specific gravity, grains 

size distribution, permeability, shear strength parameters of soil obtained are used as an input 

parameter for landslide model analysis. 

 

2. 2. Study Area 

 

 
Figure 2. Study area along Asian Highway AH48 
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The study area stretches 98 km from the college of science and technology towards 

Thimphu Phuentsholing highway. Some stretches are chosen along Pasakha road since it 

comprises of some critical landslides. The entire study areas are divided into sixteen (16) zones 

as shown in the Figure 3 and 4 and soil sampling has been done for each zone. One of the active 

landslides included in the study is the Rinchending landslide below the college of science and 

technology. It is boarding India in south and lies on the southern part of Bhutan and has 

hampered society around for past decade. Another critical landslide included in this study is in 

Pasakha, adjacent to Rinchending is one of the major areas selected for industrial development 

in Bhutan. The only route connecting India and Pasakha is via Rinchending. Food supply for 

the people of Bhutan is transported from India through Asian Highway 47, along which 

Rinchending is situated. The route through Rinchending connecting India and Bhutan is 

considered as one of the shortest motorable road that connects the two countries. The blockage 

of the road along Thimphu - Phuentsholing highway for a considerable period of time can cause 

major shortage of ration to Bhutan. Hence, it is of utmost importance for the country to protect 

the region from major natural hazards. 

 

 
 

 

Figure 3. Distance of Each study zone from College of Science and Technology, 

Phuentsholing. 

 

 

Field data were also collected from landslide of Shorchen area, Jumja slide, Kamji and 

Gedu and analyzed in the lab. Jumja slide has always been threat to the travelers via it in every 

monsoon. The details of the analyzed results are presented in the report. 
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2. 3. Data Collection 

Landslide prone regions along Thimphu-Phuentsholing highway till Chukha check post 

were identified and the coordinates were noted with the help of GPS on Android phone. In total, 

16 active landslides were identified of which, Bhalujhora and Reldri are on the way to Pasakha. 

Pasakha bypass road departs from Rinchending check post and joints back to AH-48 on Gedu 

via Manitar. This route is occasionally used as and when AH-48 suffers major landslides and 

other land related disasters especially during monsoon.  

 

 
 

Figure 4. Sample collection and topographic survey 

 

 

Soil samples were collected from all the 16 zones and analysis were done for the 

mechanical and index properties of soils responsible for landslides. Moreover, topographic 

survey was conducted for all 16 critical landslides zone and the area affected and slope angle 

are quantified.  

 

2. 4. Soil sampling and Analysis 

Soil sample collected from site consists foreign partials which should be segregated and 

the sample should be oven dried for at least 24 hours.  Mechanical characteristics such as water 

content, density, specific gravity, grains size distribution, infiltration test and Atterberg limits 

are conducted on samples collected from the study area. Test for consolidation parameters and 

shear strength parameters are also conducted in laboratory. 

The analysis result of grain size of the sample collected is represented in Figure 7. The 

predominant soil type found in the study area is gravely sand with less than 10% fines. The 

physical visualization confirms that these are sandy loam which is vulnerable to slope 

movement. 
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Figure 5. Drying of soil sample. 
 

 
 

Figure 6. Sieve analysis result. 
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Figure 7. Permeability. 

 

 

The hydraulic permeability of zone1 is 0.0363cm/sec and that of zone 10 is 0.0399 cm/sec 

which are lowest and highest data obtained from the study area respectively. These particular 

value is graded a contributing agent to accelerate the slope failure. The specific gravity results 

for zone 1 which indicate the mixture of sandy clay. However, for zone4 value is 3.09. This is 

the indispensable findings which indicate the presence of heavier particles along with the coarse 

sand. This condition leads to the instability of the slope. The predominant rock strata found 

across the study area is phyllite which is the sedimentary work. The phyllite forms the weak 

strata which erodes with rain and also forms the plane of failure with its adjacent soil mass at 

its surface. 

 

2. 5. Field survey Data 

Figure 9 shows active landslide of zone 4 which is located at a distance of 59.1 km from 

Rinchending. This is a classic example of landslide where surface mass loses its shear strength 

with its adjacent layer and then moves by sliding along a rupture or slip surface. This is also 

known as landslip. It is indispensable to note that visual observation of the failed slope depicts 

that majority of the slip/slide are translational movement and not the rotational. Since its 

translation movement the debris flows to the greater distance hence increasing its destruction 

action.  

As seen in the Figure 9 the exposed surface consist of phyllite strata which poorly binds 

with the surface mass. Hence, in most of the zones failure planes has been identified as either 

subsurface phyllite rock or surface between artificial fill and cohesionless layer. 
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Figure 8. Failure plane (slip) - Phyllite strata 

 

 

Active failed slope of zone 5 is shown in Figure 10. This is a very good example of mud 

flows. Flows involve the deformation of an entire soil mass that then flows downslope as a 

viscous or sticky fluid. Deformation may be due to a high soil water content or seismic shaking 

that leads to liquefaction and thus generates such a fluid flow. The slopes need not be very steep 

as shown in Figure. 9. 

 

  
 

Figure 9. Collection of samples from landslide site 
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2. 6. Soil profiling 

 

.  

.  

 

Figure 10. Trial pits (from left zone 12, 13, 14 and 16) 
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Figure 11. Soil profile with its physical properties-zone 13 



World Scientific News 135 (2019) 227-248 

 

 

-238- 

 
 

Figure 12. Soil profile with its physical properties-zone 14 
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Figure 13. Soil profile with its physical properties-zone 16 
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Figure 14. Soil profile with its mechanical properties-zone 13 
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Figure 15. Soil profile with its mechanical properties-zone 14 
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Figure 16. Soil profile with its mechanical properties-zone 16 
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Shallow Soil Profiling was done through pitting and based on Physical Observations in 

the Field and Based on Laboratory Test Results. Field tests looks for soil morphological 

properties in the pits like color, texture, structure, humus content and particle size which are 

used for soil profiling on the basis of visual observation. This are presented in Figure 12, 13 

and 14. 

The collected soil sample from different layers of pit is tested in the laboratory to 

determine the engineering properties of the soil such as mechanical sieve analysis, relative 

density, direct shear test, and specific gravity tests. In situ permeability test was also conducted 

through double ring infiltrometer at all the four zones in the study area. As discussed above the 

high permeability was the causative agents to slope movement worsened by other poor 

condition of the subsurface soil take from each layer of trial pits.  

The physical properties of the soil at each layer beneath the surface is presented along the 

Figure 12, 13 and 14. The trial pit analysis shows that the soil present within the depth of 2 m 

below the ground is essentially coarse grained gravely sand similar to the surface. However, 

the gravel content is found excessively more below the surface in some zones. 

 

2. 7. Strategic modelling and interpretation of landslide phenomenon 

The physical investigation and soil parameters analysis of the study sites reveal that the 

landslide occurs in two different patterns namely the flow of the mud mass and the 

slipping/sliding of the surface mass from the subsurface strata. These two failures are explained 

by the following two models.  

Mud flow is the commonly occurring landslide. It has been observed in several study 

zones. Small package or heap of soil mass creeps down the slope when the driving forces 

exceeds its restoring force. Mud flows is characterized by washing of topsoil during the rainy 

season. The weak topsoil loses its cohesion with the contact surface and gets eroded to the base 

as indicated in Figure 18. This phenomenon occurs annually, increases the slope angle and thus 

worsening the landslide problems. Moreover, it’s not only rain that induces the mud flow. The 

seismic tremor or the movement of heavy vehicles liquefies the weaker package of surface soil. 

It loses its shear strength and gets detached from the adjacent layers. It has been noted from the 

study area that the distance travelled by mud flow is limited by slope angle and the density of 

the soil. The mass of the soil package is comparatively less. 

Landslip is very common around Shorchen and Kamji area. Since phyllite is very 

common in these areas they form the weak layer beneath the surface. Due to the extreme degree 

of heat and pressure sedimentary rock like shale metamorphizes into slippery and weak Phyllite 

rock. It’s difficult for surface soil to bind with phyllite strata and as a result the upper layer 

slides down the plane due to gravity. As indicated in Figure 19, entire strata above phyllite slips 

down to the toe of the slope. The entire soil mass loses the cohesion with the adjacent surface 

when disturbed by external agencies and thus slips down. However, the process of slips/slide 

occurs are categorized into two, namely translation and rotation. If the failure plane is free of 

irregularities and material present in debris doesn’t contain boulder then translation slip occurs. 

This is dangerous as seen in zone 10 and travels greater distance as the debris are pushed 

with greater force by following debris. On contrary, if the slip plane has curvature and the debris 

consist of boulder then the earth rolls down the plane and travels until the debris are scattered 

sideways of the slip plane. Therefore, the accelerating force diminishes and mass travels to 

short distance.  
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Figure 17. First failure type-mud flow 

 

 

 

Figure 18. Second failure pattern-land slip 

 

 

The model mainly focuses on the type of failure from the above two paradigms 

dominating the study area and the occurrence of the future landslide is prognosticated. The areal 

image of the sites revealed that the overall surface area of the landslide has not significantly 

increased in the decade 2004 to 2014. However, the slope has drastically increased. This is 

possible when the topsoil on the slope is eroded every rainy season. Figure 18 shows the initial 

gentle slope, which was eroded in due course of time, exposing the underlying layer. The 

erosion has led to significant increase in the slope of the landslide increasing the probability of 

slope failure. During monsoon, huge amount of exposed soil are being transported along with 

rainwater and saturated soils become highly susceptible to landslide. One made the basic 

calibration among slope angle, soil parameters and instability of the slope in their study of 

landslide of Nepal. It is the matter of serious concern looking in the slope angle and various soil 

parameters of study area that criticality of the landslide will remain for some more years to 

come until various mitigation measures like soil stabilization and slope angle reduction are 

carried out. The main focus has to be made towards precautionary measures travelers and 

inhabitants of the locality. All major zones are still active and will remain same until those 

unstable lump of soil creeps down and reduces the slope angle. Manually replacing the unstable 

soil will be of great help to solve the problem. 



World Scientific News 135 (2019) 227-248 

 

 

-245- 

3.  CONCLUSIONS 

 

The preliminary survey for the assessment of Landslide along the Phuentsholing – 

Thimphu highway at Sorchen has shown sixteen zones. These zones are seen to be temporarily 

maintained through normal practice of retaining structure and bioengineering techniques 

however, the problem of landslide remains unsolved for the past last decades. To further assess 

the site characteristics of the critical landslide zones were conducted. The geotechnical site 

investigation was carried out through physical observation at the site, laboratory test and field 

exploration in each zone. Based on those tests, the shallow soil profiling and classification were 

carried out. The majority of the zones contain coarse grained gravely sand soil with little fine 

content of less than 10 %. The outcome of the soil sampling and analysis indicated the presence 

of fine gravely and different grains of sand which are mechanically weak. To verify these 

results, trial pits of 2m deep was dug which confirms the result obtained at the surface. Since 

the sandy soil has larger pores their water holding capacity is very less. They are cohesionless 

and doesn’t not bind with adjacent surfaces like finer soil. Hence, with little rain or movement 

by heavy vehicles or tremors these weak loose gravely sand gets detached from its adjacent 

layers and flows down the slope as landslide. This is the driving force of landslide which is 

more than the restoring force. Technically, Factor of safety (FOS) is less than 1. Their higher 

permeability value leads the passage of water to deeper strata weakening their shear strength as 

well. The field data collected for Topography of the area, geological characteristics of the slope 

and slope angle was for sure the most confirming to the decade long landslide problem. The 

slope angle for all active landslide areas were more than 57°. This depicts the instability of the 

topography. The cause of slope failure in this project has been explained as non-homogeneity 

of soil stratum for different layers and its permeability. The activity of landslide seems to remain 

for some more years until it stabilizes its slope after sufficient fall of its top mass. However, 

there are many artificial means to solve the problem as explained above. Other factors such as 

ground water table, seismic activity, and rainfall may be considered for future researchers. 

Further, GIS will be used to demark the hazard zonation after the quantitative analysis in the 

future studies. 
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