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ABSTRACT: The current state o f geotechnical engineering practice in Nepal and relevant problems are explained in this paper based on the 

biggest and deadlier 1993 rainfall induced disaster in Nepal. Recent occurrences of such disasters, e.g., landslides and debris flows are 

attributed to the various reasons. The first half o f total 12, 000 landslides occurring every year, is attributed to the young geological nature 

of the Himalaya and latter half to human activities. The 1993 disaster clearly urges a need for well organized practice of geotechnical and 

geoenvironmental engineering, especially, immediate introduction of a landslide risk map and a policy to monitor and control the human 

activities. Meanwhile, the safety of the existing infrastructures should be reassessed and relevant safety measures should be identified. 

Overall, the geotechnical engineering education and its professional practice should be promoted. A geotechnical research center is 

recommended in order to monitor and standardize the geotechnical engineering in the country.

1 INTRODUCTION

Nepal is a very small country. It is situated between 26° 22’ and 

30°27’ north latitude and 80°04’ to 88°12’ east longitude and is 

surrounded by two giant countries Peoples Republic of China on 

the north and by India on the east, the west and the south(Fig. 1). It 

is a landlocked country, nearest sea coast being 1,127 km away. 

Nepal is topographically a mountainous country. Mountains and 

hills occupy about. 83% of the total land area. Exception is the low 

and flat Terai plain which stretches in the southern part of the 

country along the Indian border. Unique is the altitude variation 

from 60 m at Jhapa in the south east to the tall Himalayan range 

including the tallest mountain in the world, 8848m Mt. Everest 

(Sagarmatha is in Nepali language), in the north. This is really a 

significantly big variation in such a small country. The length (east 

west) o f Nepal is about 800 km and width about 190km (north 

south). Thus, the total land area ofNepal is only 147,181 sq. km. 

The population of Nepal according to 1991 census is about 

19million. About half of the population is concentrated in the 

plane land and rest half live in the hills and mountains. The land 

forms are divided into five physiographic regions which are 

basically differentiated with the criterion of surface geology(Fig.

2 ).

Geologically, Himalaya and other mountain ranges have been 

formed by the orogeny resulting from the collision of the Indian

Fig. 1 The areas affected by 1993 disaster in Nepal The disaster is

attributed to the disorganized geotechnical engineering practices.

sub-continent with Eurasian Continent. The oregenic movement is 

still active as evidenced by current major earthquakes and 

landslides occurring periodically. Steep slope gradient, intense 

precipitation and sparse forest cover have made hills even more 

erodible. Every year, there are around 6,000 landslides due to such 

geological movement o f the mountains because of its young 

geological nature. The Himalaya is represented by high grade 

metamorphic rocks with a few granite intrusions. The main central 

thrust separates Himalaya with Tibetan Tethys zone in the north 

and South of Himalaya lies Siwalik hills separated by Main 

Boundary Thrust (MBT). The Siwalik and Terai are separated by 

another fault called Main Frontal Thrust. The proximity around 

these major faults are unstable, huge rock slides and slope failures 

prevail on the steeper slopes and debris fans are situated on the 

lower reaches. The siwaliks are composed of fragile and soft 

mudstone, sandstone, and conglomerates which are very prone to 

landslides. Terai is alluvial plain, and it suffers from the floods and 

sediment deposits.

The temperature variation from south to north is quite notable. 

The temperature decreases from south to north with increasing 

altitude. The highest temperature of about 40 degree Celsius 

prevails in the southern plain in hot season and below 0 degrees 

Celsius in the snowy mountains on the north. Hydrologically, the 

average precipitation of the country is about 1,500mm. The 

variation ranges from less than 300mm in the dry region to more 

than 5,500mm in the wet region. Monsoon brings rain from the 

early June to the end of September and last longer in the eastern 

region. Southern slope receives much rain as monsoon enters from 

south east. 80% of the annual rainfall and 85% of the annual run

Fig.2 Physiographic and geological regions o f  Nepal
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off from all the rivers and rivulets occur during this period which is 

also called as rainy season and is vulnerable period for the slope 

failures. Middle mountains receive much more rain than the other 

physiographic regions. This range suffers from landslides, debris 

flow, flash floods etc.

Beside these natural reasons, there are several other man made 

reasons behind such slope failures and erosions. Few of them are 

over grazing, slope fanning, over exploitation of fuel wood, 

unplanned settlements, cutting of mountain slopes for road, 

highways construction, etc. Additionally, the illiteracy of the 

people and lack of manpower also plays major role to magnify the 

damages.

Overall, the severity o f these geotechnical problems clearly 

indicates that very less or insignificant research works have been 

carried out in the geotechnical engineering perspective of these 

problems. Nepal Geotechnical Society was established with the 

objective o f coordinating integrated research works, workshops 

and lectures in the Geotechnical and Geo-environmental 

Engineering perspectives. The economic constraint is often 

pointed out as a major factor. NGS has shown initiative towards 

collaborative research works with national and overseas 

Geotechnical Research Groups and/or Laboratories.

As the Government of Nepal has just started its initiative and 

support to find solutions and ways to provide safety and enough 

information and education on preparedness for the possible 

disaster in such environmentally degraded and severe situation, the 

down pour o f 19-21 July 1993 ultimately triggered the biggest 

rainfall induced disaster so far recorded in the history of Nepal. It 

was a different kind compared to those in the past in various 

perspectives. The most important of them is the total area it 

affected was considerably large, 44 districts out of total 75 

districts in the country were significantly affected. So far, the past 

records o f such natural disaster were always confined to a small 

area whether it was because of the earthquake or post rainfall 

effects. The pie chart presented below clearly shows that the post 

rainfall floods and rainfall induced landslides are the current major 

problems (Fig. 3 a-b). The data is based on the information 

published by the Ministry of Home Affairs.

The objective of this paper is to present the Geotechnical 

perspective of the 1993 disaster for the first timein order to share 

and disseminate the experience to the International Geotechnical 

Community.

The 24 hour rainfall (Fig. 5) o f 540 at Tistung o f Makwanpur 

district (Central Nepal) and 482.2 mm of rainfall at Ghantemadhi 

in Sindhuli district were recorded on July 20, 1993. The value 

exceeded the past records. The hourly rainfall intensities during 

that period was recorded 70mm/hour in Tistung(Fig. 5), 67 mm in 

Simlang and 60mm and 64 mm at Nibuwatar in Bhainse. 

Nibuwatar experienced the total rainfall of 940 mm in two days 

between the period 19-21 July, 1993. Many other water retaining 

and river training structures exceeded the design discharges 

causing severe damages to them. The rainfall concentrated on 

mountainous areas in the night time could not be predicted and 

informed to the people living in the plain land for the possibility of 

heavy flood and sediments. Ultimately, heavy losses of property 

and human lives occurred. Out of 44 affected districts, 7 districts 

were severely affected. 30% of the total lives lost and 40% of the 

property loss occurred in the mountainous areas due to the debris 

flow and landslides while other losses were resulted by flooding in 

the Terai plain. The sediment deposited in three days flood in the 

Kulekhani reservoir (5.85 million cu.m) was 40 times the annual 

average sediment deposited in normal years. The life of Kulekhani 

reservoir reduced by 6 to 10 years (Dhital et al., 1993).

3 GEOTECHNICAL ASPECTS OF THE DISASTER

Looking at the various impact of the disaster, the impacts can be 

categorized into the following four types from geotechnical 

engineering perspectives:

2 OUTLINE OF THE DISASTER

The incessant and unprecedented rainfall of 19-21 July 1993 over 

Bagmati Catchment and the adjacent regions induced various 

forms of post rainfall disaster causing immense socio economic 

disruption. Fig. 4 describes the location of the affected areas in the 

Central region. This particular rainfall caused damage to the 

penstock of the Kulekhani I and the washout of three bridges and 

several disastrous landslides and floods in the Bagmati Catchment.
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Fig. 3 Total human lives lost in 10 years and July 1993 disaster 

shows the geotechnical problems as a major problem.
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Fig. 5 The rainfall intensity recorded in Tistung area.

Fig. 4 The areas severely affected by the July 19-21, 1993 rainfall. 

Major landslides and debris fans are also indicated.
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Fig. 6 The big boulders moved from the landslide area. Fig. 7 The washout of Malekhu bridge deck by debris and flood.

1. Debris flow

2. Landslides and slope failures

3. Flooding in the plain area

4. River bank scouring

3.1 Debris Flow

Until a couple of decades ago, all most all the tall mountains were 

covered by dense forest and there were many perennial springs. 

Recently, the rain forests were all cut down and the mountains 

became barren land ultimately triggering landslides in rainy season 

every year. The natural reinforcement of top soil layer by roots of 

trees and bushes have been lost. The pore pressure developed by 

sudden infiltration of water during heavy rainfall like in 19th July

1993, triggered the landslides and slope failures. Very narrow 

channel width of the rivulets and steep bed slopes caused the 

landslide material to be immediately canied away under high 

velocity to the down stream side as debris flow. The large sized 

debris material was deposited once the velocity of the carrying 

water was slowed down and the gradient of the rivulets got 

flattened or the width became wide. Thus, the debris was deposited 

in fan shaped patterned. The biggest sizes o f the boulders 

transferred during or post July 19th rainfall was up to 10m tall and 

15 wide (Fig. 6). Peoples in the areas did not have much 

knowledge and experiences of such debris flow consequences of 

the deforestation. The peak intensity o f rain was in the middle of 

the night, thus, unaware peoples within the debris deposition fan 

were killed. The rescue operation was also impossible because of 

poor transportation and communication systems.

Dhakal(1995) has classified the debris flow in two types based on 

the size of the catchment area. The catchment size up to 10 sq.km 

falls into the first type while larger catchments are in the Type II. 

The effect of Type I is localized and debris in this case is moved for 

very short distances from the slope failure zones. The debris flow 

in such area severely affected the peoples living near by or on the 

deposition fan. Thus, many human live losses and property 

damages occurred because of its catastrophic nature and instant 

arrival. Debris flow on Phedi river was one of the most 

catastrophic debris causing death of 64 villagers. Phedigaon is 

situated on the deposition fan of Phedi river (Fig. 4) initiated by 

1915 debris flow which was bigger than 1993 debris flow. The 

sources for the debris flow material were the landslides occurred in 

the hills due to sudden increase in pore pressure because of heavy 

rainfall and barren nature of the ground surface. The landslides 

were within 3m depth and the hill slope faces south with gradient 

variation from 30° to 55° (Dhital el al., 1993).

The debris flow originated on the Type II catchment area are 

much bigger and their effect went beyond that of Type I. The

debris flow on Type II area severely effected the major 

infrastructures in and on downstream side of the area including 

heavy losses o f human lives and property. The debris flow 

occurred in Agra river, Belkhu river and Malekhu river (Fig. 4) fall 

in this category. All of these river originate from the northem'slope 

of the lesser Himalaya. The geology of these catchment areas are 

similar. The typical effect of the debris flow carried by these river 

was the wash out o f RCC bridge decks on a Major Highway, e.g. 

Fig. 7 shows the wash out o f a bridge deck of 2 decked RCC bridge 

at Malekhu (73 km west of Kathmandu). The landslides in the u/s 

side had depths up to 8m and major landslides were located up to 

10m u/s o f the site o f the bridge collapse, i.e. Malekhu.

3.2 Landslides and slope collapses

Landslides were observed in the upper reaches of the various 

catchments which were also major source to initiate debris flow 

claiming unexpectedly many lives. Undoubtedly the heavy rainfall 

was the major cause for these landslides. The places having steep 

slopes and the prominent rock joints were more susceptible to the 

landslides. The various causes due to which the landslides 

occurred could be generalized as follows.

I. Sliding along the bedding or foliation due to infiltration of water 

along the joints causing increase in pore water pressure.

II. Sliding of soil slopes due sudden rise in pore water pressure 

causing the sudden decrease in the effective stresses.

III. Toe cutting/scouring of the foot o f the hills by the river flow. 

Small landslides and slope collapses on the highways were

major cause of the destruction of roads. Landslides in the vegetated 

area was not an exception though the numbers were numerous in 

the barren land. Plain rock slides, wedge slides and combination of 

both were the general characteristics. Old landslides which were 

almost inactive were aggravated and was expanded tremendously. 

The huge amount o f the sediment which has been deposited on the 

slopes and foot o f the hills and numerous tension cracks around the 

crown of the landslides identify the areas vulnerable to the future 

disaster.

3.2.1 Landslides along Prithivi Highway

Prithivi highway is the most busy and heavy duty highway 

connecting all most all part of the country with capital Kathmandu. 

The highway passes mainly along Trishuli river and at the foot of 

tall and steep mountains. Every year, the landslides create 

obstruction during rainy season and cut off the connection with 

Kathmandu for several days. The rain storm of 19-20 July 1993 

caused many landslides, particularly near Jogimara. Dhital et al. 

(1993) mentions that Prithivi Highway was either damaged
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Fig. 8 A typical landslide in Jogimara area along Prithivi Highway

severely by the Trishuli River or damaged by landslides in more 

than 50 places. In those areas, the existing retaining walls were also 

damaged considerably. The landslides damaged the road and 

adjacent slopes at Naubise, Galchi, Belkhu, Malekhu, Benighat, 

Bishal Tar and particularly at Jogimara. The Jogimara 

landslide(Fig. 8) is probably the most hazardous landslide on the 

Prithivi Highway. A bus carrying 28 persons was moved to the 

Trishuli and none of the passengers were found alive. The slide is 

located on the left bank of the T rishuli River on the Benighat Slates 

and Jhiku Limestone bands (Dhital et al. 1993). The rocks are 

extremely jointed and the joint spacing vary from a few 

centimeters to tens of centimeters in the slate and from tens of 

centimeters to few meters in the limestone. The approach road to 

the limestone quarry and the blasting in the near by area have 

further aggravated the situation. The natural slope is 40 degrees 

vertical and the failed slope is about 30 degrees.

3.3 Flooding in the plain area

This is represented by the flooding in Terai(altitude of about 

110m) down stream of Bagmati river(catchment area 2,700 sq. 

km) which originates at an elevation of2,600m. Bagmati irrigation 

barrage located just upstream of the affected areas experienced 

1,600 cumecjust twice the design discharge due to which the flow 

outflanked on both banks causing damages to the canal system, 

cultivated land and villages claiming lives of about 748 people. 

Barrage gates with width 9m was partly blocked by the logs. 

Dhakal(1995) states that structure has particularly worsen t he 

situation. The Ghantemandi rainfall station located on the Sub 

Himalayan region o f the catchment area received 482 mm in one 

day rainfall between the 20th July and 21st July. It was the second 

peak causing mostly major damages. Had there been effective 

forecasting system of the flood, man peoples would have been 

saved.

3.4 River Bank cutting

River bank cutting caused extensive damage to the highways in the 

hilly road whose alignment was along the river course. The river 

cutting and scouring was the main cause of road washouts (Fig. 7). 

In the upper reaches of the river, the river scouring and gully 

erosion were the secondary factors leading to slopes failures.

4. CONCLUSIONS AND RECOMMENDATIONS

The contents presented in the beginning of the paper, demonstrates 

the geological, topographical and hydrological factors behind the 

current geotechnical and geo-environental engineering problems 

and their practice in Nepal. The human activities specially the 

deforestation and construction of infrastructures like roads and

water reservoirs have accelerated these problems. The 19-21 st July 

1993 disaster was the severe and deadlier example which should 

be attributed to aforesaid human activities. The magnitude of 

current problems like one illustrated in this paper clearly urges 

Nepal Government to support or carry out the disaster 

management works and implement necessary countermeasures. 

The following conclusions and recommendations can be 

withdrawn in geotechnical engineering perspectives based on the 

experiences of 1993 disaster in Nepal.

1. At the outset, the hazard and risk map of the country 

identifying the most potential areas for landslides, debris flow, 

floods etc. should be prepared. The scattered settlements in such 

potential areas should either be moved to the safer places or be 

equipped with enough warning systems.

2. The safety of the existing infrastructures in such vulnerable 

zones should be reassessed and appropriate safety measures should 

be implemented.

3. Well defined policies and regulations in order to minimize 

and monitor the geotechnical and geoenvironmental problems 

should be introduced and effectively implemented.

4. Geotechnical engineering education and its professional 

practice should be promoted. A geotechnical research 

institute/center should be established and it should be authorized 

to monitor and standardize the geotechnical engineering practice 

in the country.

5. The developing countries around the world should take it as a 

special lesson in order to minimize the repetition of similar 

problems. They should be well prepared with the hazard and risk 

maps and the safety o f existing structures should be reassessed. 

Finally, the aforementioned policy, regulations and geotechnical 

institutions should be introduced and effectively implemented.
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