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Yo Hibino (Hiroshima University)

On 25 April 2015, Mw 7.8 earthquake occurred in the central region of Nepal and Mw 7.3 aftershock occurred on 12 May. During
the earthquakes, more than eight thousand people were killed, 20 thousand people were injured, and damaged buildings spreaded
throughout widespread areas around Kathmandu.

After the event, a reconnaissance team organized by the Architectural Institute of Japan (AlJ) was dispatched to the
affected areas to conduct field investigation leaded by Koichi Kusunoki, an associate professor at Earthquake Research Institute,
the University of Tokyo. The team consisted of 15 professors (Table 1) including the author and members of the Japan Association
for Earthquake Engineering (JAEE) and the team was divided into some groups according to their objectives. They specialize in
reinforced concrete, masonry structures, earthquakes and ground, and these investigations were conducted under the support of
many professors, local government officials and engineers in Nepal. The objective of this work was to collect information, which
helps understanding of the cause of damage to buildings in Nepal due to the earthquakes from perspectives of ground
characteristics, structural characteristics, seismic performance of buildings and any other conditions to affect the damage to
buildings.

A group of Nobuo Takai, an associate professor at Hokkaido University was dispatched to investigate the ground
characteristics in Kathmandu valley from 1 to 10 May. They installed accelerometers in Kathmandu and collected earthquake
acceleration recodes at the sites. The recorded accelerations showed similar waveforms to that of accelerations recorded at Kanti
Path station” and no remarkable damage was observed in buildings around the stations except old masonry buildings.

Another group including the author was dispatched to investigate damage to buildings from 23 to 31 May. The group
investigated reinforced concrete buildings, which were located in Kathmandu, and masonry buildings and houses, which were
located in outside areas of Kathmandu.

In the investigation of high-rise apartment buildings, 36 apartment buildings, which have 9 to 18 stories, in eleven
apartment complexes were examined. It was observed that most of the buildings suffered slight or very minor damage in structural
members; only shear cracks and flexural yielding of beams, shear cracks of shear walls, and shear cracks of beam-column joints
were observed. On the other hand, non-structural brick walls, which are used for partitions and outer walls in the same manner as
reinforced concrete shear walls in Japan, were severely damaged due to their low deformation capacities. Some portion of brick

walls fell down in rooms and on the ground, which was crucial to residents. To evaluate the seismic capacity of high-rise

Table 1. Team Members

Title in Team Name Affiliation
Leader Koichi Kusunoki The University of Tokyo
Secretary Yasushi.Sfmada .Osak'a Univc?rsity.
Yo Hibino Hiroshima University
Susumu Kono Tokyo Institute of Technology
Takeyuki Okubo Ritsumeikan University
Nobuo Takai Hokkaido University
Yukiko Nakamura Chiba University
Takaya Nakamura Niigata University
Member Ayako Maeshima Meikai University
Seitaro Tajiri The University of Tokyo
Yuebing Li Osaka University
Naoki Onishi Hokkaido University
Hisatoshi Kashiwa Building Research Institute
Akihiro Nakamura Nagoya University
Yusuke Maida Chiba University
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apartment buildings in Nepal, the damage level of five buildings were assessed according to the Japanese Damage Classification
Method?. The method classifies all structural members into five damage levels, then calculates the ratio of residual seismic
capacity to the original one. From the classification, following ratios were obtained for the investigated five buildings: 96%, 90%,
94%, 97% and 98%, respectively, and three of them were classified as “slight damage”, and two of them as “minor damage”. It
can be concluded that the structural damage level of the high-rise apartment buildings was low. Consequently, it is needed to
control damage of non-structural brick walls to mitigate damage to residents.

Other investigation was conducted for buildings in Gongabu area, which is in the northwestern part of Kathmandu to
collect information about damage to reinforced concrete and masonry buildings built with the local construction methods. In this
area, most of low-rise buildings and houses did not suffer damage, nevertheless several mid-rise reinforced concrete buildings
collapsed and suffered severe damage. Almost all of collapsed buildings formed the soft first story mechanism and moreover, the
damage pattern of suffered buildings were very similar. These buildings had similar structural details in geometry of member,
reinforcement arrangement, anchorage, and beam-column joint. In this investigation, damage classification based on European
Macroseismic Scale® (EMS-98) were carried out for more than a thousand buildings. Damage of reinforced concrete and masonry
buildings were classified into five levels according to the method; the number of damaged buildings reached about 15% of all the
investigated buildings. It appeared that the location of the severely damaged buildings concentrated in some small areas. A
reinforced concrete building, which had five stories and a half story forming soft first story mechanism (Figure 1), was selected to
examine the seismic capacity and the cause of the failure mechanism. The failure mode of columns assumed from the ultimate
strength with Japanese structural calculation method® agreed with the observation, and the predicted base shear coefficient of the
building became around 0.25.

To assess the damage of historical buildings, temples and shrines, reinforced concrete buildings, and masonry buildings
standing in the mountain areas, which is closer to the epicenter of the earthquakes than Kathmandu, a group went to UNESCO
World Heritage Sites and outside areas of Kathmandu: Bhaktapur, Dhading, Lalitpur, Nuwakot and Sindhupalchok districts. In
these sites, severe damage was observed in masonry school buildings constructed by vulnerable materials, namely, adobe or stone
masonry with mud mortar. A reinforced concrete building formed soft first story mechanism as well as the damage seen on
buildings in Kathmandu. A seismic performance evaluation based on an index of wall-to-floor area ratio was conducted for
seismically vulnerable buildings in a certain area and the ratio of collapsed masonry school building ranged from 3% to 10%.

Through this reconnaissance, much information of buildings in Nepal with respect to seismic design, structural
properties, site characteristics, extent of damage, retrofitting and problems related to them were collected. Although this on-site
investigation in Nepal was finished, further investigation and achievement to help recovery and reconstruction of Nepal will be
continued. Because earthquakes may occur in Nepal in future, it is important to consider a solution to prevent and mitigate damage
of buildings.
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Figure 1. Soft first story collapse
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