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1. Introduction
1.1 Overview of the Earthquake and Field Investigation
A magnitude 7.8 earthquake occurred in Nepal on April 25, 2015 at 11:56 AM (Nepal Standard
Time). The epicenter (28.147°N, 84.708°E) of the earthquake was located in the village of Barpak,
Gorkha district (see Fig. 1.1 for the districts in Nepal) which is approximately 77 km north-west
of the capital city Kathmandu (Fig. 1.2) and its focal depth was 15 km (USGS, 2015). The
earthquake resulted in a maximum Mercalli Intensity of IX (Violent) and more than 8,700 deaths,
and 22,300 injured persons were reported. Some casualties were also reported in the adjoining
areas of India, China, and Bangladesh. Over 330 aftershocks with magnitude greater than 4.0 have
occurred, with some significant ones having a magnitude of 6.7 on April 26 and 7.3 on May 12
(see Fig. 1.2). Over 500,000 houses were fully destroyed and about 270,000 houses were partially
destroyed leaving hundreds of thousands of people homeless (NSET, 2015). Many villages were
flattened across many districts of the country and heavy rain after the earthquake has made the
problem even more serious. The earthquake triggered an avalanche on Mount Everest, killing at
least 19 people and another huge avalanche in Langtang valley, where 250 people were reported
missing. Centuries-old buildings were destroyed at UNESCO World Heritage sites causing a
strong socio-economic impact on Nepal.

Fig. 1.1. Map of Nepal showing the districts. The field visit included Kathmandu district, Lalitpur district,
Bhaktapur district, and Sindhupalchowk district.
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26 April
M 6.7

Fig. 1.2. Map of Nepal showing the mainshock and two major aftershocks.

The Department of Civil Engineering, Tokyo Institute of Technology (Tokyo Tech) sent a
team of researchers from June 1-8, 2015 to investigate the damage caused by the earthquake. The
list of team members is given in Appendix B and the itinerary of the visit is shown in Appendix
C. The objective of the mission was to assess the extent and nature of damage caused by the
earthquake, especially in Kathmandu valley and the Sindhupalchowk district (the district with the
largest number of casualties) of Nepal and to propose seismic mitigation measures for structures.
The team also investigated geotechnical damage such as landslides, settlement of ground, and
liquefaction that were seen due to the effect of the earthquake.
1.2 Seismic Hazard in Nepal
Nepal has a diverse geographical setting which varies from low lands (EL. 60 m) in the
southern part, to the high mountains including the world’s highest peak Mount Everest (EL. 8,848
m) in the north. It is located in the center of the Himalayan concave chain, with a stretch of about
870 km length in NWW-SEE and 130-260 km in N-S direction. One third of the Himalayan arc,
which marks an active plate boundary between Eurasian and Indian plates (Fig 1.3) lies in northern
Nepal and it is a source of major seismicity in the area (Fig. 1.4). The presence of numerous active
faults in Nepal clearly highlights the seismic hazard in this Himalayan nation (Fig. 1.5). Nepal
Himalayas is divided into three tectonic zones, viz, main central thrust (MCT), main boundary
thrust (MBT), and Himalayan frontal thrust or main frontal thrust (MFT). These are the active
thrusts and carry the history of some major and minor earthquakes in the last century. It is further
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Fig. 1.3. Plate tectonics map of the world (source: http://geology.com).

Fig. 1.4. Seismicity of Nepal from 1990-2006 (source: http://www.lebret-irfed.org).

noted that the April 25 earthquake occurred near the main thrust interface between the subducting
India plate and the overriding Eurasia plate at a rate of approximately 45 mm/yr towards the northnortheast (USGS, 2015).
There have been a few major earthquakes in Nepal during the last century. A magnitude 8.0
earthquake occurred in January 1934, with epicenter (26.50°N, 86.50°E) close to Nepal-India
border region (ASC, 2015) (see Fig 1.6). The Kathmandu Valley experienced intensities of IX-X
in the MMI scale. A total of 8,519 persons were reported dead in Nepal, out of which 4,296
persons died in Kathmandu alone (Pandey and Molnar, 1988).
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Fig. 1.5. Active faults in and around Nepal Himalaya (Nakata and Kumahara, 2002).

A magnitude 6.8 earthquake occurred in August 1988, with epicenter (26.755°N, 86.616°E) in
eastern Nepal (ASC, 2015). The MMI estimated in Kathmandu was VII-VIII and at least 721
people lost their lives in Nepal due to this earthquake (NSET, 2015). A recent earthquake of
magnitude 6.9 that struck eastern Nepal with epicenter (27.72°N, 88.06°E) in September 2011, led
to 6 fatalities (Shakya et. al., 2013).

Fig. 1.6. Epicenters of the major earthquakes in the last century in Nepal (source: Google Earth). The border
of Nepal is shown in yellow color.
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Fig. 1.7. Seismic hazard map of Nepal showing bedrock peak ground horizontal acceleration contours in gals for
500 years return period (source: National Seismological Center, Nepal).

Although Nepal lies in a seismically active area which is evident from the tectonic settings and
historical seismicity, people rarely understand the risk of earthquakes. This is due to the low
frequency of the earthquakes being felt in the country. Concerning the capital city Kathmandu,
which is the political, commercial, and educational hub of the country, few people in this area
understand the risk of earthquakes and are aware of it. Although the seismic hazard map produced
by the National Seismological Center (Fig. 1.7) is supposed to be followed during the design of
the structures, it has not been followed for all the structures, except a few modern large structures
due to insufficient laws and regulations. Despite the high seismic risk in the country, structures in
the remote villages as well as the ancient towns of Kathmandu Valley are made of stone or brick
masonry with mud mortar, having little resistance against seismic loads. It is only the modern
buildings that use a reinforced concrete moment resisting frame system. Thus a high seismic
hazard exists throughout the country. The Gorkha earthquake of April 2015 followed by large
number of significant aftershocks has created awareness among the people for the construction of
earthquake resistant houses.
1.3 Ground Motion Record
Although there are many accelerometers installed in Nepal, the acceleration time history of
only one station is available to the public. The recorded ground motion in Kantipath (KATNP),
Kathmandu is shown below. Both the horizontal and vertical ground motion time histories are
shown in Fig 1.8. The PGA at the station was 0.16 g, which is thought to be amplified at other
places where heavy damages were observed. From the time history plot, it is seen that the
frequency of the ground motion is low. High-rise buildings with longer fundamental periods are
expected to have more damage due to such shaking, while small buildings with lower fundamental
periods are expected to have less damage.
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Fig. 1.8. Acceleration time history recorded at Kantipath, Kathmandu station. (Source: USGS,
http://www.strongmotioncenter.org/).
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2.

Damage to Structures

2.1 General
There are many old masonry houses in Kathmandu valley1. Many of them had collapsed or
were severely damaged due to the earthquake. Many modern RC buildings in the valley which
were poorly constructed not confirming to design standards also suffered similar damage. But
well-designed RC buildings suffered only minor non-structural damage. Most of the high-rise
apartment buildings were subjected only to damage in the masonry infill walls and are livable after
repairing. There was no damage to bridges and other infrastructure like telecommunication towers
and water tanks.
In Sindhupalchowk district, almost all the adobe houses (constructed of mud mortar with
stones or bricks) collapsed. Many of the modern RC buildings also collapsed or suffered severe
damage. Many school buildings had completely collapsed due to soft-first story failure.
2.2 Damage to Reinforced Concrete Buildings
The selected buildings reported here are from different parts of Kathmandu valley and
Sindhupalchowk district. Note that, Sindhupalchowk district is closer to the epicenter of the M7.3
earthquake that occurred on May 12, 2015. The damage to RC buildings are discussed in three
separate sections.
2.2.1 Damage to Residential Buildings:
Many residential buildings collapsed or suffered severe damage due to the earthquakes. Many
of the buildings were poorly constructed. The typical damage scenarios observed are reported
here.

Fig. 2.2.1. Collapsed residential RC frame building in Sitapaila, Kathmandu.

1

Kathmandu district, Lalitpur district, and Bhaktapur district are commonly referred to as Kathmandu valley.
But Kathmandu valley consists only some parts of these three districts.
2-1
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Fig. 2.2.2. Tilted guest house building in Balaju, Kathmandu due to foundation failure.

2 stories collapsed

Fig. 2.2.3. Lower 2 stories collapsed in this building in Gongabu, Kathmandu due to soft story effect.
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Fig. 2.2.4. Ground floor columns of this 5-story garment factory building in Gongabu, Kathmandu suffered damage;
the building can be used after repairing.

4 stories collapsed
Fig. 2.2.5. This building in Gongabu, Kathmandu lost lower 4 stories (pan-cake failure) due to heavy loads from
upper stories and insufficient column sizes.
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Fig. 2.2.6. Soft-first story collapse of a 3-story building in Lamosanghu, Sindhupalchowk.

A

B

Fig. 2.2.7. Collapse of building “B” results in pounding damage to adjacent building “A” in Lamosanghu,
Sindhupalchowk.

2. Damage to Structures

Fig. 2.2.8. First story failure of a 3-story building in Lamosanghu, Sindhupalchowk.

Fig. 2.2.9. Soft-first story collapse of a 3-story building in Lamosanghu, Sindhupalchowk.
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Fig. 2.2.10. Foundation failure caused the collapse of this building in Chautara, Sindhupalchowk.

Fig. 2.2.11. Collapse of buildings results in pounding in adjacent buildings in Chautara, Sindhupalchowk.
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Fig. 2.2.12. First story collapse of a building in Chautara, Sindhupalchowk, all the reinforcing bars of the
column shown are fractured.

A

B

Fig. 2.2.13. Collapse of building “B” results in pounding damage to adjacent building “A” in Chautara,
Sindhupalchowk due to tilting.
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A

B

Fig. 2.2.14. Collapse of building “A” results in pounding damage to adjacent building “B” in Chautara,
Sindhupalchowk.
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Fig. 2.2.15. No damage to the newly added upper two stories of this building in Chautara, Sindhupalchowk but the
building is on the verge of collapse due to the damage in the old first story.

2.2.2 Damage to School buildings
Many school buildings in Kathmandu valley as well as other affected districts had collapsed
or suffered severe damage. The first earthquake that occurred on April 25, 2015 was on a Saturday
which is a school holiday. All school buildings were closed after the first earthquake and the
school buildings were unoccupied when the second major earthquake occurred on May 12 on a
Tuesday. Most of them collapsed due to soft-first story failure. The Shree Jana Jagriti Higher
Secondary School in Sangachowk of Sindhupalchowk district was severely damaged and is
reported here.

Fig. 2.2.16. Soft-first story failure of the Shree Jana Jagriti Higher Secondary School, Sangachowk,
Sindhupalchowk.
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Fig. 2.2.17. Poor concrete quality and detailing in column, the Shree Jana Jagriti Higher Secondary School,
Sangachowk, Sindhupalchowk.

Fig. 2.2.18. Heavily damaged masonry infill wall, the Shree Jana Jagriti Higher Secondary School, Sangachowk,
Sindhupalchowk.
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2.2.3 High Rise Apartment Buildings
Many high-rise apartment buildings in Kathmandu valley suffered damage to non-structural
elements like infill masonry walls. Only minor damage to structural elements were observed.
None of the apartment buildings had collapsed. Almost all high-rise apartments are usable after
seismic retrofitting. Damage to Park View Horizon Apartment Building, Dhapashi, Kathmandu
and Sun Rise Apartment Building, Nakkhu, Lalitpur are reported below.
a)

Park View Horizon Apartment Building, Dhapashi, Kathmandu

Fig. 2.2.19. Heavily damaged masonry infill wall, Park View Horizon Apartment Building.

Fig. 2.2.20. Minor damage to structural elements, Park View Horizon Apartment Building.
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b) Sunrise Apartment Building, Nakkhu, Lalitpur

Fig. 2.2.21. Damage to masonry infill walls, Sunrise Apartment Building.

Fig. 2.2.22. Beam in basement damaged due to shear failure leading to water seepage, Sunrise Apartment Building.
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Fig. 2.2.23. Pounding damage, Sunrise Apartment Building.

Fig. 2.2.24. X shaped heavy cracks in infill walls, Sunrise Apartment Building.
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2.3 Damage to Clay Brick Masonry Buildings
Many clay brick masonry structures are located in Bhaktapur district and some in Kathmandu
district (Basantapur, Manamaiju). Basically, two types of structural systems are found, (a) pure
masonry and (b) partial-load bearing masonry walls with timber columns and timber floors. The
houses were 3 to 5 stories high and constructed in series adjacent to same structural system, except
in a few cases, where they were adjacent to reinforced concrete structures.

Fig. 2.3.1. Partial collapse of wall on the side along the
joints with out-of-plane bending, temporarily
supported by shoring near Bhaktapur Durbar
Square area, Bhaktapur.

Fig. 2.3.2. Curtain fall collapse of entire side wall of
partial load bearing masonry structure with
timber columns near Bhaktapur Durbar
Square area, Bhaktapur.

The damage patterns are illustrated in Figs. 2.3.1-2.3.11. Typical forms of damage include (a)
curtain fall of side walls in partial or full of pure masonry and partial-load bearing masonry (Figs.
2.3.1, 2.3.2 ,2 3.3 and 2.3.7(b)), (b) collapse of upper stories of structure (Figs. 2.3.4 and 2.3.6),
(c) vertical cracks on walls along the mortar joint and through the bricks at the edges of building
(Fig. 2.3.5), and (d) diagonal cracks across the walls due to inability of the wall to resist the tensile
stresses developed due to combination of horizontal and vertical loads (Figs. 2.3.6, 2.3.7(a) and
2.3.8). It is to be noted that a number of buildings experienced permanent out-of-plane
deformation of walls in the first story although there might not be much damage in the upper floors
and were temporarily put up by shoring. Also, a few interesting cases were observed, which
depicted the effect of addition of upper stories to existing older buildings (Figs. 2.3.10 and 2.3.11).

Fig. 2.3.3. Out-of-plane failure of entire side wall of
a timber-framed masonry temple in
Bhaktapur.

Fig. 2.3.4. Collapse of the first story due to pounding
from adjacent heavier structure in Bhaktapur.
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Fig. 2.3.5. Building tilting with the vertical cracks along the brick-mortar joint as well as through the bricks
in Bhaktapur.

(a)

(b)

Fig. 2.3.6. Diagonal shear failure of buildings located in Bhaktapur; (a) pure masonry structure with partial
inward collapse of upper part of wall and (b) cracks originating from windows and small openings.
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(a)

(b)
Fig. 2.3.7. (a) Crushing of bricks through and along the mortar joint signifying compression failure of walls
in a partial load bearing structure and (b) Collapse of side-wall of the masonry with timber
column and floor in Changunarayan, Bhaktapur.
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Fig. 2.3.8. Shear cracks at the upper story due to the excessive tensile stress in the walls and vertical cracks in the
lower story of the same building due to overloading; out-of-plane bending of first story in Gongabu,
Kathmandu.

Fig. 2.3.9. A three-story brick masonry building with cement mortar suffered shear damage mainly in the first floor:
Diagonal cracks originating from the openings, shear cracks in the load-bearing masonry wall itself in
Manamaiju, Kathmandu.
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Fig. 2.3.10. Addition of extra stories over the existing older structure in Bhaktapur and yet, no significant
damage due to the earthquake was observed.

Fig. 2.3.11. Collapse of a part of upper stories added afterwards while the lower older structure remains
undamaged except for the portion destroyed by falling of upper stories located in Bhaktapur. This
might be due to the poor construction of later added upper stories (from webpage).
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2.4 Damages to Cutural Heritage Buildings and Landmarks
The devasting earthquake damaged many cutural heritage buildings and landmarks of Nepal.
Major destruction was observed in Kathmandu valley itself and the places investigated included
Kathmadu Durbar Square, Bhaktapur Durbar Square, Changunarayan temple, Ranipokhari and
Dharahara. Here, some pictures of these places before and after the massive earthquake are
presented.
A. Kathmadu Durbar Square
Among the 3 durbar squares, Kathmadu Durbar square (located in Basantapur, Kathmadu)
suffered a serious loss. The earthquake severely damaged the Square reducing some monuments
and temples to rubble and leaving some with partial damages.

Before

After

Fig. 2.4.1. North-west corner of Nasal chowk. The bottom story of the white museum building had suffered some
damage and now shoring is done by timber members in order to carry out necessary repair work.
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Before

After

After

Fig. 2.4.2. South-east corner of Nasal chok. The upper three-stories of the Nautalley durbar, also known as
Basantapur tower, collapsed. Originally a nine-story tower made up of timber and brick masonry
has only the bottom six storys remaining.
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Before

After

Fig. 2.4.3. South face of Nautalley durbar from Basantapur Dabali. The white masonry building next
to the Nautalley durbar suffered severe damage and the entire front part of the building (south
face) was destroyed.
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After

Before

After

Fig. 2.4.4. Gaddi Baithak. The left highlighted portion of this neoclassical building fell off completely. This building
has suffered heavy damage.

Before

After

Fig. 2.4.5. Maju deval temple. The earthquake caused the three-story pagoda style, Maju deval temple to be reduced
to rubble. However, the foundation and the stairway to the temple up to the plinth level is intact. The
white-colored shikara style temple next to it is also completely damaged.
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Before

After

Fig. 2.4.6. Hanuman Dhoka. There is out-of-plane seismic effect on the masonry walls of this building. The wall is
bulged slightly outwards. It cannot be demolished due to its historic importance so it is extensively
supported by props for the further repair and retrofitting work.

Before

After

Fig. 2.4.7. Krishna temple. The Krishna temple had totally collapsed and just the pillars in front of the temple is
left.
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After

Fig. 2.4.8. Taleju temple. There is no damage to the Taleju temple itself but a small temple in front of it had collapsed
completely.

B. Bhaktapur Durbar Square
Few monuments and shrines of this square suffered damage.

Before

After

Fig 2.4.9. Bhaktapur Durbar Square. The upper portion of the sikhara style Shiva temple got toppled by the earthquake
while the bottom portion is intact. Also the white-colored entrance gate of the durbar square was severely
damaged and thus demolished later.
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After

Before
Fig. 2.4.10. Shiva temple.

Before

After

Fig. 2.4.11. Vatsala Durga temple. This stone temple in sikhara style could not survive the shaking.

Before
After

Fig. 2.4.12. White Fasidega temple. The white Fasidega temple had collapsed.
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Fig. 2.4.13. Siddhi Laxmi temple (left) and Bhairabnath temple (right). These temples suffered only minor damage.
The pinnacle of the Siddhi laxmi temple is slightly titled. A few pitched-tiles of the Bhairabnath temple
on the roof of the second story had fallen.

C. Changunarayan Temple

Before

After

Fig. 2.4.14. Changu Narayan temple. The walls on the lower story of the temple is damaged and now it is supported
by props.
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D. Ranipokhari

Before

After

Fig. 2.4.15. Ranipokhari. Shoring is done in order to support the structure as the lower masonry wall is partially
damaged.

E. Dharahara

Before

After

Fig. 2.4.16. Dharahara. The nine-story, historic landmark tower, Dharahara collapsed and just the first
floor is remaining. 180 people lost their lives when the tower collapsed.
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2.5 Summary of Damage to Structures:
1. Most of the reinforced concrete buildings in Sindhupalchowk district (which is near to
epicenter) had either collapsed or were severely damaged. Moreover, a number of
buildings in Kathmandu valley also collapsed and suffered severe damage requiring
demolition and reconstruction of the buildings.
2. Many of the buildings suffered moderate to minor damage (some beam and column failure,
infill wall cracking, non-structural damage) and require seismic retrofitting.
3. Most of the collapsed buildings suffered soft-first story collapse through brittle failure of
the columns resulting from fracture of reinforcement bars.
4. Collapse of poorly constructed buildings results in pounding damage to adjacent well
engineered buildings. This issue can be address by imposing a minimum separation
distance between adjacent buildings.
5. Buildings on which some storys were added on existing low-rise buildings suffered softfirst story collapse.
6. Most of the buildings designed according to current building codes were subjected to minor
damage (cracks in infill masonry walls etc.).
7. The non-structural walls were heavily damaged in most of the buildings. These walls
separated easily from the frame because of poor bonding between walls and the main
structural frame. The need of better connections between structural and non-structural
elements should be addressed in future design practices.
8. The main causes of collapse or severe damage to buildings are poor design and construction
practices like insufficient structural member sizes, poor detailing, insufficient clear cover,
heavy weight of masonry infill walls etc.
9. The unmanaged rapid urbanization leading to construction of different structural systems
adjacent to each other, lax utilization of proper engineering design practices, poor
workmanship and lack of maintenance added to the severity of damage, in addition to the
age factor of the structures themselves.

3. Geotechnical Damage
Different kinds of geotechnical failures were observed during the earthquake survey in
Kathmandu Valley, Kavre and Sindhupalchowk districts. These different types of damages caused
by the geotechnical failure is discussed in this section.
3.1 Damage to Highways
Some parts of Koteshwor-Bhaktapur highway suffered damage after the earthquake on April
25. This highway is comparatively new in the context of highways in Nepal. The damaged portion
of the highway was mostly built on filled embankment. Fig. 3.1.1 shows the situation immediately
after the earthquake showing the real extent of damage near the Lokanthali bus stop. Fig. 3.1.2
shows the same damaged portion as observed during the survey. In Fig. 3.1.3 minor damages on
the retaining structure of road embankment can be seen. Some structures along the cross section
of the damaged portion also suffered some damages as shown in Fig. 3.1.4 indicating movement
of the soil at certain depth.
Figs. 3.1.5 and 3.1.6 show the damaged portion of highway near to Kaushaltar bus stop. A
kind of separation of roadway was observed.

Fig. 3.1.1. Damage to Koteswor-Bhaktapur highway at a location near to the Lokanthali bus stop, immediately after
the earthquake (photo from webpage).
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Fig. 3.1.2. Damage to Koteswor-Bhaktapur highway at a location near the Lokanthali bus stop, as observed on June
03, 2015. Traffic has resumed on the temporarily repaired highway.

Fig. 3.1.3. Damage to Koteswor-Bhaktapur highway at a location near the Lokanthali bus stop. Minor damage on
the retaining structures of road embankment.
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Fig. 3.1.4. Damage to Koteswor-Bhaktapur highway at a location near the Lokanthali bus stop. Damage to
buildings structures located adjacent to the road.

Fig. 3.1.5. Damage to Koteswor-Bhaktapur highway at a location near the Kaushaltar bus stop. Separation of roadway
immediately after earthquake (pictures from web page).
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Damaged length

Fig. 3.1.6. Damage to Koteswor-Bhaktapur highway at a location near the Kaushaltar bus stop. Extent of separation
of roadway as observed on June 03, 2015. Traffic has resumed on the temporarily repaired highway.

3.2 Damage to Residential Structures
A small number of cases where structures were damaged due to geotechnical failure were
observed during the survey in the Kathmandu valley and its vicinity. Figs. 3.2.1 and 3.2.2 shows
the raising of floor slab of a residential building in Manamaiju. The raised floor slab of the building
shows that there were some deformations in foundation soil, however conclusive explanation of
this situation is bit difficult in the absence of detailed information regarding soil and ground water
table of the site
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(a)

(b)
Fig. 3.2.1. Raised floor slab in a residential building in Manamaiju village, Kathmandu. (a) The central part of the
floor slab was bulging upwards. (b) Cracks on floor slab due to stress developed due to deformation of
foundation soils.

3.3 Rockfall on Araniko Highway
As many as five boulders fell from the top of a hill located on the Araniko Highway in
Sindhupalchowk district. Out of these, two large boulders hit a residential buildings located at the
bottom of the hill. The impact was large enough to cause damage to the buildings.
A detailed investigation of the source of rockfall might be important to determine the stability
of the slope and isolated rock remaining on the slope. An investigation might help to determine
possible path and colliding force of unstable rock mass if any and also might help in design of
walls or safety net or any other preventive measures to prevent future possible damage to some
extent.
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Starting point of rock
fall

(a)

(b)

(c)
Fig. 3.3.1. Damage to buildings due to rockfall on Araniko Highway: (a) Starting point of rockfall. (b) Fallen rock
has crushed a residential building located above the road. (c) Fallen rock had come to a stop against a
residential building located below the road.
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3.4 Landslides
Numerous landslides were observed in Sindhupalchowk district and Kavre district along
the Araniko Highway. Most of the landslides showed sliding of the weathered soil and in some
cases causing damage to the appurtenant structures of the highway and building structures.

Approx. 190m

Fig. 3.4.1. Landslide near to Barahbishe, Sindhupalchowk district.

Fig. 3.4.2. Landslide on Araniko highway, Sindhupalchowk district.
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Approx.25m

Fig. 3.4.3. Landslide at Panchkhal, Kavre district.

Fig. 3.4.4. Landslide on the way to Chautara, Sindhupalchowk district.
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Approx. 50m

Fig. 3.4.5. Landslide at Balephi, Sindhupalchowk district.

Fig. 3.4.6. Active landslide on Araniko highway in Sindhupalchowk district.
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Fig. 3.4.7. Landslide on Araniko highway causing damage to buildings located on the foot of hill
Sindhupalchowk district.

Fig. 3.4.8. Slope failure causing damage to the structures at the top at Lamosanghu, Sindhupalchowk district.

4. Disaster Relief and Humanitarian Aid
4.1 Introduction
In the wake of a 7.8 magnitude earthquake on April 25, 2015 with epicenter in Gorkha
district and 7.3 magnitude on May 12, 2015 with epicenter in Dolakha district, a number of
governmental, non-governmental, national and international organizations have been operating
large-scale relief operations in 14 of the 75 total districts in Nepal. Namely Gorkha,
Kavrepalanchok, Dhading, Nuwakot, Rasuwa, Sindupalchowk, Dolakha, Ramechhap,
Okhaldunga, Makwanpur, Sindhuli, Kathmandu, Bhaktapur and Lalitpur have been recognized
as the 14 most affected districts. An estimated 2.8 million people have been identified as in
need of humanitarian assistance.
With the disaster taking its toll, people are in immediate need of food, safe drinking water,
shelter, medical supplies/care etc. The ability of a country to successfully rebound from these
unfortunate events solely depends upon its capacity and capability to respond immediately and
correctly to these disasters. The success of the humanitarian relief activities lies not only in
having the resources ready at hand but also in the ability to mobilize them correctly and in a
timely manner to reach the people in dire need.
Persisting geographical difficulties attributed to rugged landscape, infrastructural
difficulties which can be attributed to poor transportation network, lack of disaster resilient
airports and insufficient rescue and recovery facilities and lack of coordination among large
number of governmental and non-governmental organizations working in the field of disaster
management and response, heightens the importance of logistical functioning and coordination
in Nepal. Therefore one of the objective of this field survey was to understand how the
humanitarian supply chain was working in Nepal and to find out the existing bottlenecks in
hopes of finding better ways for future disaster response.
Fig. 4.1.1 below shows the current structure and different stages of humanitarian logistics
from receiving of incoming relief material from international donor to the last mile distribution
in Nepal.
Fig. 4.1.2 shows the location of mobile storage units, humanitarian staging area and
location of existing and potential logistic hubs spread throughout the affected districts.
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Fig. 4.1.1. Structure and functioning of humanitarian logistics in Nepal. (Source: www.wfp.org).

4. Disaster Relief and Humanitarian Aid

Fig. 4.1.2. Location of temporary warehouses for relief storage and distribution in Nepal. (Source:
www.wfp.org).
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Location and schedule of meetings:
Table 4.1 shows the details of the interviews conducted in person with people involved
directly and indirectly in relief distribution and logistics management from both governmental
and national and international non-governmental organizations.
Table 4.1. Details of the interviews conducted.
S.N Date Time Name
Designation
1.

8:30

AM, Niraj

2015 June 1
2.

10:50

Principal

Sitaula

Location

Shree Shakti Higher Gorkha

Bhattarai

AM, Nagendra

2015 June 2

Organization
Secondary School

Head

of Institute

of Pulchowk,

Department, M.Sc Engineering, Pulchowk Kathmandu
in Disaster Risk Campus
Reduction

3.

12:15

PM, Dr. Ramesh Deputy Executive National Society for Bhainsepati,

2015 June 2

Guragain

Director

Earthquake

Lalitpur

Technology (NSET)
4.

1:30

PM, Dr. Santosh Shelter

2015 June 3
5.

11:42
10:30

AM, Janardan

2015 June 4
7.

10:30
1:30

Pokhrel

AM, Krishna

2015 June 5
8.

Shrestha

Lalitpur
Nepal

Red

Cross Kalimati,

Management Unit

Society (NRCS)

Logistics

Nepal

Coordinator

Society (NRCS)

Kathmandu

Masters Student

Pulchowk Campus

Singha Durbar,

Red

Kathmandu
Cross Kalimati,

Pandey

PM, Baburam

2015 June 5

Pulchowk,

Coordinator

AM, Hari Mohan Store

2015 June 4
6.

Shrestha

UN Habitat

Kathmandu
Masters Student

Bhandari

National

Emergency Singha Durbar,

Operation

Center, Kathmandu

Ministry

of

Home

Affairs
9.

10:00

AM, Frank Aynes

2015 June 6

National Logistics World Food Program

Tribuwan

Cluster

International

Coordinator

Airport,
Kathmandu

4.2. Findings of the Interviews
Several issues and problems were identified through interviews with experts, the details of
which are explained below:
4.2.1 Transportation/Logistic Problems:
As important as it is to ensure availability of transportation facilities for effective
distribution of relief items, it was also evident that Nepal has undeniable accessibility problems
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even without disasters, due of its complex geography. Several of the places in Nepal are
difficult to access even during the normal situation, this earthquake made the overall
accessibility even more difficult and complex due to disruption of roads caused by several
landslides induced by earthquakes. Challenged by the geography, Nepal had no other option
than to use helicopters to reach affected areas for needs assessment and relief distribution.
Further problems arose due to the limited number and carrying capacity of the helicopters. This
resulted in increased logistics cost and decreased efficiency and effectiveness of relief activities.
4.2.2 Lack of Resources:
In the immediate aftermath of disaster, the fact that problems arose due to inability of
government to efficiently and effectively conduct needs assessment, search and rescue
activities, and relief distribution activities was acknowledged by the experts working for both
governmental and non-governmental organizations as well as academicians. The main
problem can be attributed to lack of technical, technological and human resources. Though
government had in place several contingency plans there seems to have been problems with
implementation of such plans.
4.2.3 Lack of Coordination
Coordination is central to the success of any implementation plan, although coordination is
also not an easy task. The lack of coordination between governmental, national and
international non-governmental organization and community volunteering organization was
identified as one of the biggest issues resulting in inefficient relief distribution during this
disaster response. Involvement of several government bodies/ministries, Ministry of Home
Affairs, Ministry of Finance, Ministry of Commerce, and Ministry of Foreign Affairs, to name
a few of them, resulted in the lack of one focal body responsible for making decisions regarding
mobilization of resources and relief materials, made the coordination activity much more
complicated.
4.2.4 Capacity Limitation
The problems related to government capacity in handling incoming cargo started when
Nepal airlines, the only national airline could not handle all the incoming relief materials. The
capacity limitation can be attributed to insufficient cargo handling equipment, unavailability of
trained and certified forklift drivers, and lack of appropriate resources and techniques for
sorting of goods and identifying unsolicited goods. Other capacity limitation resulted because
of the small size of Tribhuwan International Airport, the only international airport in Nepal.
Several flights were diverted off to other countries due to insufficient space for landing a large
number of incoming airplanes carrying relief materials.
4.2.5 Administrative Issues
One of the major issues identified during the interview was related to the roles and
responsibilities of local government bodies for disaster response, needs assessment and relief
distribution. Lack of their presence in the affected areas was badly felt when the authorities
responsible for monitoring the activities ended up being the implementers of the disaster
response plans. This may be due to lack of accountability and prior work description which
can be attributed to political instability persisting in Nepal. Since there has not been any
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election for the last 17 years, there are no persons in-charge or accountable for several of the
disaster response activities that needs to be performed by these local bodies during such
emergencies.
4.2.6 Customs Issues
Customs related issues came to light when a lot of relief items were stuck in the airport
soon after the disaster, causing damage to a lot of relief items which could have been very
useful for immediate response. The inability to put in place appropriate custom procedures
was severely criticized by aid organizations as well as the general public. The customs related
problem also persisted in the list of priority items released by government for relief operations
when it could not accommodate many of the essential items making handling and sorting of
the relief goods much more complicated and time consuming.

(a)

(b)
Fig. 4.2.1. (a), (b): Relief items stuck in Tribhuwan International Airport.

In addition to above mentioned issues there were problems with relief distribution when
distributed relief did not correspond to the actual needs on the ground. There had been issues
regarding unfair/unequal distribution of relief items in different parts of the affected districts
creating more problems in the already chaotic situation. As per some interviewee, there had
been complaints of interference of international organizations when the contingency plan Nepal
had in place was neither respected neither nor followed by the international aid agencies.
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Furthermore, problems with consolidation of the relief items, duplication of relief efforts,
no clear cut work description assigned to the aid agencies by the government, and problems
with sorting goods were among a few problems that existed right after the earthquake.
4.3 Summary
The prevalence of hundreds of NGO and INGOs working with their government
counterparts definitely helped to strengthen the overall relief distribution, rescue and recovery
activities, than the Nepal government working alone. The international aid enabled the overall
response to be much quicker than it would have been without them.
However, further improvements in overall response and recovery process could be
achieved by strengthening the implementation of existing national contingency plans and
formulating better needs assessment plans working in close coordination with national and
international aid organizations. Empowering local bodies could have addressed the problems
associated with needs assessment, fair and equal distribution of relief items and better outreach
of relief activities. Formulating plans for fast-track response in collaboration with aid agencies,
preparation for one window distribution of relief items to reduce duplication of efforts, proper
training and mobilization of in country human resources can also help improve the
effectiveness of relief activities. Creating one central body with the authority and responsibility
to make decisions during complex emergencies can also serve to improve national disaster
response.
One other way to reduce the impact of disasters on human beings, is to strengthen and
heighten the importance of preparedness activities such as prepositioning of inventories in
strategic locations throughout Nepal in anticipation of disasters. This will not only help reduce
response time and impact on affected people but also reduce problems related to unsolicited
goods, while also reducing the cost of conducting disaster response and relief distribution.

5. Conclusions and Recommendations
The magnitude 7.8 Gorkha earthquake which occurred on April 25, 2015 caused
widespread damage to urban infrastructure as well as rural buildings in Nepal. There was
extensive damage to RC structures, masonry structures, cultural heritage sites, as well as it
caused an avalanche in the mountains and triggered many landslides leading to disruption of
the land transportation system. The most affected districts Kathmandu, Bhaktapur, Lalitpur,
Nuwakot, Sindhupalchowk, Dhading, Dolakha, Gorkha, Rasuwa, Kavre not only reported
heavy damage to infrastructure but also a large number of fatalities. Over 700,000 houses were
damaged and about 2.8 million people are affected directly or indirectly.
Most of the damaged RC structures were poorly constructed without following the design
guidelines while minor or no structural damages were observed in well-constructed RC
buildings. Most of the buildings suffered heavy damage in the infill brick walls which is not
accounted during the design process. These walls separated easily from the frame because of
poor bonding between walls and the main structural frame. Besides this, the infill bricks seem
to have a low compressive strength which made it incapable in sustaining even a small amount
of deflection. Most of the masonry buildings which were non-engineered had collapsed. There
was poor maintenance of the buildings and were constructed using mud mortar. The heavy
weight of the building without considering any engineering practice led to greater scale of
damage. The unmanaged rapid scale urbanization leading to construction of different structural
systems next to each other, lax utilization of proper engineering design practices, poor
workmanship and lack of maintenance added to the severity of damage in addition to the age
of the structures. Cultural heritage sites that suffered heavy damage were very old monuments
where there was deterioration of the construction material. Lack of maintenance and
unpreparedness for strong ground shaking added to the damage, which could have been
minimized with proper management.
Damage to roads observed along the Koteshwar-Bhaktapur road were mainly due to the
deformation of the soil beneath it. Some landslides that occured along mountainous roads are
unavoidable but can be minimized. Minor damage to structures due to geotechnical failures
were observed, whereas rockfalls along the highway caused severe damage to buildings.
Since Nepal lies in an earthquake prone region, the following recommendations are
provided to increase the seismic safety of structures based on the observations made during the
field investigation:






Construction practices for RC buildings must be improved and trained masons must be
given responsibility for the construction. Buildings must be well-engineered and the
detailing must be properly looked at. Soft story failures can be avoided by using RC walls
in the ground floor that will provide adequate stiffness to provide enough openings.
Use of heavy infill walls must be discarded and should be replaced with light weight
material that will not only reduce the loads imposed to the columns but also the demands
to the superstructure. In the use of brick infills, they must have adequate compressive
strength and proper bonding with the structural component must be done.
Proper testing of soil properties and if required ground improvement prior to construction
needs to be done.
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All structures in the highly affected areas of Kathmandu Valley should be thoroughly
investigated for the assessment of their seismic safety and appropriate retrofitting measures
should be taken for seismically vulnerable structures.
Many existing buildings that suffered minor damage require immediate cost-effective ways
of retrofitting. In the case of clay brick masonry structures retrofitting using locally
available materials such as timber and bamboo can be a promising technology as it was
observed in previous earthquakes.
Government authorities should ensure that only seismic-resistant structures are designed
and constructed, especially bridges, hospitals, and school buildings, in the major areas of
Kathmandu Valley and densely populated areas in Sindhupalchowk district. Yet, this
practice needs to be adopted in all areas of Nepal with a large density of population.
A well planned and managed way of providing relief to the affected people needs to be
adopted so that there can be uniformity in relief distribution. For this, all the working
NGOs, INGOs, governmental agencies, individuals should prepare a common database to
keep track of relief distribution in an organized way.

Appendix A: Fatalities due to the Nepal Earthquake of April 25, 2015
(As of May 21, 2015)
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Appendix B: Team Members
Team Members from Department of Civil Engineering
Anil C. Wijeyewickrema
Associate Professor
E-mail: wijeyewickrema.a.aa@m.titech.ac.jp

Satish Bhagat
Doctoral Student
E-mail: bhagat.s.aa@m.titech.ac.jp

H.A.D Samith Buddika
Doctoral Student
E-mail: samithbuddika.h.aa@m.titech.ac.jp

Rohit Kumar Adhikari
MEng Student
E-mail: adhikari.r.aa@m.titech.ac.jp

Anuja Shrestha
MEng Student
E-mail: shrestha.a.ad@m.titech.ac.jp

Sanjeema Bajracharya
MEng Student
E-mail: bajracharya.s.aa@m.titech.ac.jp

Jenisha Singh
MEng Student
E-mail: singh.j.aa@m.titech.ac.jp

Rejina Joshi
MEng Student from Oct. 2015
E-mail: roje_joshi@yahoo.com

Team Member from Department of International Development Engineering
Rajali Maharjan
MEng Student
E-mail: maharjan.r.aa@m.titech.ac.jp
Coordinator from Nepal
Prof. Prem Nath Maskey
IOE, Tribhuvan University
E-mail: pnmaskey@live.com

Fig. B.1. Group photos of team members.
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Appendix C: Itinerary
Table C1. Itinerary of the field survey.
Date
June 1 (Mon)

Leave for Nepal.
TG661 00:20 Tokyo (Haneda) – 04:50 Bangkok
TG319 10:15 Bangkok – 12:25 Kathmandu

June 2 (Tue)

Meeting with Prof. Prem Nath Maskey and other faculty members at Pulchowk Campus,
Institute of Engineering (IOE), Tribhuvan University.
Meeting with Campus Chief Dr. Gokarna Bahadur Motra of Institute of Engineering (IOE),
Tribhuvan University.
Meet officials from National Society of Earthquake Technology (NSET) and have a briefing
with them.
Field Survey in the most affected areas in Kathmandu City (Basantapur Durbar Square)

June 3 (Wed)

Field survey in Kathmandu City continued (Balaju, Gongabu, Sitapaila, Dhapashi, and
Manamaiju).

June 4 (Thu)

Field survey in Sunrise Apartment, Lalitpur
Field survey in Bhaktapur city (Bhaktapur Durbar Square) and Changunarayan

June 5 (Fri)

Field survey in Sindhupalchowk District towards Tatopani (China Border)

June 6 (Sat)

Field survey in Sindhupalchowk District towards Chautara (Capital)

June 7 (Sun)

Field survey in Kathmandu City (Dharhara, Durbar High School, Ranipokhari)

June 8 (Mon)

Leave for Tokyo
TG320 13:30 Kathmandu – 18:15 Bangkok
TG682 22:45 Bangkok – 6:55 (+1) Tokyo (Haneda)

June 9 (Tue)

Arrive Tokyo 6:55

The GPS tracking record of the places that were visited are shown in Fig. C.1.
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1. Sitapaila area
2. Machhapokhari
3. Manamaiju
4. Gongabu area
5. Kathmandu Durbar Square
6. Koteshwor
7. Bhaktapur area

Fig. C.1. Map of the visited places obtained using GPS tracker.
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