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ABSTRACT: This paper summarizes some of the observations madeeconnaissance team follow-
ing the 2% April 2015, M, 7.8, Gorkha, Nepal earthquake. The team was ceegpaf members of the
UK-based Earthquake Engineering Field Investigafieam (EEFIT) who spent approximately one
week collecting observations of damage resultimgnfthe earthquake. The earthquake caused more
than 9,000 fatalities and significant damage tceimiorced masonry, historic structures and temples.
While the earthquake generated less-than-expe@stiudtion around the urban metropolis of Kath-
mandu, it was particularly notable for its impactsremote mountain communities due to landslides
and rock falls. As these communities constitute@ogconomically vulnerable group in a country stil
in its early development stages, the earthquakeacispwere disproportionately high. Therefore it is
important to understand how the resilience of thegrilations can be improved. This paper focuses on
the event’s impacts to these remote mountain settiés and emphasizes their high vulnerability and
the need to address their risk specifically in gaition plans in Nepal and elsewhere.

1 INTRODUCTION

At 11:56 NST (06:11 UTC) on the 2%pril 2015, an earthquake with a moment magnitafié.8
struck Nepal. The epicentre was located at 28M484.708°E near the town of Gorkha approximately
80km West of Kathmandu and had a focal depth ofrl@4SGS 2015). The earthquake was reported
to have caused widespread damage between the gpiaad area stretching to the East of Kathmandu.
The earthquake also triggered an avalanche on &vetd@ch caused the deaths of 19 climbers and
Sherpas (April 2015 Nepal earthquake, 2015). Asisal with these events, the region was alsoyhit b
a number of aftershocks, the most noticeable oitmuon the 12 of May 2015 at 12:51 NST with a
moment magnitude of 7.3 and with an epicentre tiearChinese border between the capital of
Kathmandu and Mt. Everest (USGS 2015). The EERihagement committee decided to send a team
to investigate the impacts of this earthquake. sMis members were selected from the EEFIT
membership and are the authors of this gapEne mission had the objective of collecting atatons
across a wide-ranging set of disciplines and topid¢gch will be presented in full within the EEFIT
technical report currently in preparation. This gafocuses only on the impact of the earthquake on
remote hilltop villages in Nepal and the challentfesy and the Nepalese government faced during the
immediate relief phase (which is still ongoing) ahding the first stages of their long-term recgver
The paper also presents brief details of the perdioce of buildings in Nepal for context.

2 MISSION DETAILS

The team left the UK on the #2June and returned on the™20The area was also visited by the
Earthquake Engineering Research Institute (EERI) &y the Geotechnical Extreme Events
Reconnaissance (GEER) group. Valuable exchanda®oofledge occurred between the teams.

The mission visited Kathmandu, Sangachok locatedaaimately 40km East of Kathmandu and also
travelled to Gorkha to observe damage near theepi During the week of the mission, survey time
was shared approximately equally between Kathmandwsurrounding districts and the Gorkha region
and surrounding districts, with one trip in theioegof the village of Sangachok. Figure 1 shows

!Co-author and EEFIT member K. Goda visited the pria to the official EEFIT mission (see Goda ke?815).
Co-author and EEFIT member T. Lloyd acted as teaondinator from London.
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locations of the sites that were visited.

Figure 1. Survey sites a) showing all sites and b) showites @iround Kathmandu. Note the densely
packed line of markers in a). Each of these marlkethe location and direction of a photograph tha
was taken during a helicopter flight to remotetajil villages and each photo shows either a damaged
village or a landslide. These photos will be mpdblicly available in the near future and are alzé
immediately on request.

3 BUILDING TYPOLOGIES AND BUILDING DAMAGE

To help relate the damage resulting from this emidke to other seismic events, it is necessary to
understand the building typologies of the giveriargo that the damage can be described relative to
other buildings of this type. The better constedcbuildings located in Kathmandu were mainly
reinforced concrete framed structures with masanfifl. The buildings were typically up to
approximately 4 storeys high, but there were examplf structures up to 7 stories, with the tallest
building encountered being 14 stories. These mgifdwere often very slender and it was surprising
that many of these structures survived an earttejoékhis magnitude. Pictures of surviving slender
concrete buildings as well as a 14 storey structgeshown in Figure 2.

Figure 2. Reinforced concrete framed buildings with masanfiyl.



There was also many two-storey masonry buildingsedsas rubble masonry buildings. The masonry

buildings consisted of low-fired clay bricks typiad regions such as this and were therefore weaker
than well-fired bricks typically used in more deseéd regions. The rubble masonry was typically of

poor construction and was common in poorer regibiathmandu as well as in outlying areas. Mortar

in these buildings was often either very weak onatimes without any form of binder. These buildings

typically showed either complete or partial colle@nd aftershocks were causing further collapse to
already weakened structures or damage due to sagoodllapses. Typical masonry structures are
shown in Figure 3.

SRS

Figure 3. Example of partial collapse of a masonry struchear Kathmandu.

It was widely reported in the press that templeseviradly affected and the mission confirmed this to
be the case with a large number of religious aatbhical structures having suffered significant dgm
and sometimes, collapse.

An interview was conducted with the National Societrr Earthquake Technology (NSET) in Nepal.
One of the main objectives of this organisatiomoismprove the seismic safety and preparedness of
Nepal and it has started a program of building riebfitting schools. They have produced a number
of standard designs for structures (both schodlsadiner buildings) based on the size of the bugdin
and the number of storeys. These designs haverdrashowing reinforced concrete details that would
be typical for seismic regions with good enginegnmactice although it should be stressed that the
authors of this paper have not yet done any detatieictural calculations to confirm their struetur
adequacy for the level of seismic risk faced by dleprhe seismic hazard exposures for Nepal have
been investigated and mapped by the National Ségjical Centre in Kathmandu by Pandey et al.
(2002) and by Chaulagain et al. (2015). In bottesdke probabilistic seismic hazard analysis (PSHA)
parameter mapped is peak ground acceleration (PGA).

There is awareness within the NSET that there neag Imismatch between these specifications and the
ability of local labour to interpret them. They axarently producing simplified pamphlets and tiain

to help remedy this situation. These standardgdesmay help explain some instances of good
performance of buildings in Nepal. For examplguré 4 depicts the column of a structure in tHagé

of Sangachok that, although collapsed, shows gapdengths for lapped bars (as did many buildings



that were under construction) and reasonably clagehced confinement reinforcement. It should be
noted however that the concrete had very largeegage in it and was not of good quality and the
column dimensions were quite small (approx. 225nouage). The reason for the collapse of this
structure is not clear, and could be either reltdgubor structural layout (causing a soft-store§apse)

or not all of the connections being well detail@there was evidence of this latter point, but difficult

to say for certain if either of these mechanismeewesponsible.

Figure 4. Detail of column reinforcement.

4 REMOTE HILLTOP VILLAGES

It had been reported that landslides were a sgmticause of deaths in the Gorkha region andt@also
the East of Kathmandu and that these were contjrinibe a threat to remote villages. Landslidehéz
and risk is endemic throughout the Himalaya andrinating lower mountains and continuing risks of
further landslides after an earthquake have beewiqusly reported (Burton, and Peiris 2008 and
Wilkinson et al. 2013). Furthermore landslidesénalso been observed to be a poorly appreciated ris
in previous events (Wilkinson et al. 2012; Chiad &vilkinson 2015) and as there is likely to stil &
significant seismic hazard in Nepal (Bilham 2015he team aimed to visit the region affected bg¢he
landslides and travelled overland to the regiohe T'eam was able to liaise with the UN Office fue t
Coordination of Humanitarian Affairf© CHA) who confirmed that landslides were a seriooiscern

in the Gorkha region. The UN organised two EERam members to be flown by helicopter to the
villages of Yamagaum and Lapsibot in the regionGefmda. The aim was to observe how the
earthquake had impacted remote mountain villagagam discussion with members of the UN and
members of various NGOs and volunteers, the tealmalraady established that these hilltop villages
had been badly affected and that there may be me@def the risk of further landslides.

The urgent demand for helicopters, necessitatedslesrt visits to each of these villages (less thaa



hour in each). A third village on the itinerary (bhakhola) was not visited as it had been evacudited

to the risk of further landslides and it was deertaadangerous to land the helicopter for the extra
information that an uninhabited village may produtiee flight over the region enabled the team ® se
the scale of the situation in this region. Figlirghows a map with locations of the many photoggaph
taken during the helicopter flight and each phdtovss either a village with damaged buildings or a
landslide (these photographs are available on stfju&he villages ranged from only a few dwellings
to quite large villages and most had tarpaulinghenroofs of many of the structures. Those viliage
that the helicopter flew close to enabled the temsee that many of the buildings had sufferecssri
damage or had collapsed. It is expected that tbhevillages that the team landed at had similarleve
of damage to those witnessed during the flight yilages were chosen because of the landslide risk
not because they had unusually high levels of mgldamage). ). The diagrams in the Keefer (1984)
suggest that coherent landslides in Nepal mighgrekup to approaching ~200 km distance from the
Gorkha epicentre. One of the crucial larger eadkgs used by Keefer in his study was the greatrBiha
earthquake of 15 January 1934 in India-Nepal (8,3 M

Upon landing at each village a meeting was heldh whe villagers and a number of questions were
asked to ascertain what impact the earthquake méfikan the village from an engineering perspeeti
Other important impacts resulting from the earthgusuch as health provision and food supplies were
covered by a member of the UN team, also parte¥isiting team to the mountain villages (Robertson
2015). The villagers reported that 24 neighboad died as a result of landslides (most of thehdeat
had been farmers tending their fields and livestacki nobody had died as a result of building pokes

with only a few serious injuries sustained by thischanism. The villagers reported that no one lead y
supplied the village by overland routes (not evahksyor Sherpas) since the earthquake occurred as
landslides had swept away the road and rebuildffayte had not been successful with landslides
continually severing the road. The only suppliesvjaled thus far had been by helicopter.

4.1 Yamagaum

A rapid tour (approx. 30 mins) of the village amdniediately surrounding slopes was made. This
village is located on a steep sided hillslope imf@a district. The village consists of 47 housespld
mainly rubble masonry construction with timber aimirugated steel sheet roofs. The construction
quality of these dwellings is very poor. The moxteas very weak although it did have some form of
binding material (most likely either cement or IimeMost of the buildings suffered either partial o
complete collapse (examples are shown in Figure 5).

Figure 5. Examples of building and typical damage in Yamaga



The local school was also visited. This was o&a@n poorer construction. It is likely that noden
was used in the mortar and the school suffered mpollapse (see Figure 6). A temporary school
had been constructed towards the bottom of thagelland lessons were taking place during the visit.

Above the village tension cracks were observetiertérraced hillslope. The width of the cracksadr
between approximately 10mm and 40mm and they reallpbto the slope for approximately 50m. It
should be noted that accurate observations of asédths were hampered as locals had attempted to
fill in the cracks. This operation was both obserand reported by locals who stated that the erpo
was to prevent ingress of water. Other cracking wiserved lower down the slope. Due to time
constraints the exact extent and nature of therebdecracks were not established.

Figure 6. School building in Yamagaum.

4.2 Lapsibot

This village lies on an adjacent hillslope in semitopography to Yamagaum. It was reported toisons
of 85 households. These buildings are of a simjfamlogy to Yamagaum, are of a similar constructio
quality and suffered similar damage patterns.

To the North-East of the village is a trail thatda/s a ridge that eventually descends into thegé of
Machikhola. During a walk along the ridge (thetsoaf which can be seen in Figure 7) a small laddsl|
was observed. Further along this trail a serie®igion cracks were also observed running aloag th
ridgeline. Example of these cracks can be seéigure 8. Due to time constraints the exact nabtire
this system of cracks and landslide could not ltabéished. The observations terminated at a large
landslide shown in Figure 9.

These general observations of landslide extenltdibgi damage (grades 4 and 5 to highly vulnerable
building stock A or B) and cracks in soil (extenglio 40 mm width) observed through rapid observatio
with sparse coverage) all suggest intensity extenth IX or possibly X on EMS98.



Figure 7. Route of landslide survey.

Figure 8. Tension Crack.



Figure 9. Landslide in Lapsibot.

5 CONCLUSIONS

The damage observed to engineered structures mm&atdu and surrounding areas is less than may
have been expected. Many of the reinforced coaatetictures were very slender with small struttura
members and yet they had survived ap ®8 earthquake. The extent of damage or impadhen
communities in Nepal should not be downplayed h@ress damage to masonry and rubble masonry
structures and temples was typically severe an@ thhere many people still living in tents at thedi

of the survey. The reason for this less-than-eiggedamage is still unclear; however, some of the
reinforcing detailing witnessed in reinforced caterstructures was good for a country at this stdge
development and recent history as well as the gralvaking being concentrated in the long period
range of 4-6 seconds and this may have also catedbto the survival rates. However, more work
needs to be done to confirm the validity of thegplanations as there were also large spectral
accelerations recorded in the 0.2-0.6 second pednde and many examples of poorly constructed
buildings.

The hill villages are still in a difficult situatio  Supplying these villages with essentials wasipg
difficult for the Nepalese government, the UN an@®k. It was reported by the villages that were
visited that overland supplies were not arrivinduather landslides continued to sweep away thelsup
roads. A helicopter flight over the region showleat in every village a significant number of birigls
(often most) had tarpaulins on their roofs anddfae had presumably suffered significant damage.
This general observation was confirmed by the tmdisispection of two of the villages, where most
masonry buildings had suffered partial or compteibapse (intensity 1X). Finally the landslidekis
remains and the arrival of the monsoon will inceetiss risk. Landslide hazard and risk is endemic
throughout the Himalaya and the fronting lower ntainms. The villages described in this paper showed
evidence of stressed hillsides and with the onfsfisomonsoon season the risk of further landslides
increased. Based on this event and others, it sdébat globally, there is an underestimation of
earthquake-induced landslide risk and insufficiesburces being devoted to mitigating this riske T
observations of the earthquake impacts in Nepajestghat this should be a cause for concern for us
all.
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