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I am from a small South Asian country, Nepal, a popular tourist destination because of its rich cultural heritage, breathtaking
Himalayan landscapes. The country is home to eight out of the 10 world's highest peaks, including the Mount Everest (8,848 meters
from sea level), where people with 142 different castes live and speak 124 different mother tongues. The geological features and
topography of the country are the major reasons behind challenges for infrastructure development. The location, at the boundary
between the Indian and Eurasian tectonic plates, makes the country earthquake-prone. The country has a long history of major
earthquakes. The first recorded earthquake in the country was in 1225, ever since the country has been experiencing at least one
major earthquake in every century.

On April 25, 2015, at 11:56 (local time), Nepal was hit N

Nepal China

by a strong earthquake of magnitude 7.8 with epicenter

. . . . Epi f Gorkh:
at Barpak village, Gorkha district, approximately 80 ei’ifﬁa‘iil‘é B:r:)aka

India

km northwest from the capital city, Kathmandu. The
earthquake affected 31 districts out of 75 districts (Fig.
1) and damaged residential and government buildings,

Capital city of Nepal,
Kathmandu

heritage sites, roads, bridges, and other structures i
(Fig. 2). A report from National Planning Commission
Nepal (NPC) showed that 498,852 buildings were

Categorization of Affected Districts

g Yo

fully collapsed (damaged beyond repair) and 256,69 i::iesrﬂiyxm A
were partially damaged, and affected approximately E:;Wuweawmsses

2,900 structures with a cultural, historical and religious S e

importances. It was estimated that the main and Fig.1 2015 Gorkha earthquake affected districts'

1National Planning Commission Nepal (NPC) (2015) Post
Disaster Needs Assessment. Government of Nepal,
Kathmandu, Nepal

the aftershocks have affected one-third of the total
population, resulting in approximately 9000 deaths.
The post-ecarthquake investigations indicated structural
problems in Nepalese structures and show the lack of health monitoring and strengthening of aged buildings, particularly historical
monuments. The Gorkha earthquake has revealed that beyond the earthquake, poorly constructed structures and the types of the
structure (unreinforced masonry buildings, building with masonry infill walls, etc) commonly encountered in the country make the
structures more susceptible to damage and collapse, amplifying the seismic risk. The field investigation after the earthquake also
demands the need for improved seismic resilience in the country, particularly for unreinforced brick masonry (URM) structures
and reinforced concrete structures with infilled URM to mitigate future earthquake damage. Japan is a global leader in earthquake

engineering. The frequent and devastating earthquakes in Japan have resulted in continuous innovations in structural engineering and

Kathmandu

Fig. 2 Buildings damage during the 2015 Gorkha earthquake
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seismic safety, making Japan an ideal place to learn from experts for safer structures, which has inspired me to pursue my research
career in the country. I completed my master’s and PhD degrees from Osaka University, Japan, and am working as an Assistant
Professor at the Institute of Science Tokyo, Japan. My research is related to the investigation and resolution of the seismic challenges
confronted by different countries, mainly by the developing countries like Nepal. My main research objective is to develop effective
modeling and mitigation strategies to enhance seismic safety by utilizing the knowledge I have pursued so far throughout my
academic career.

Research on Brick Masonry Infill Walls

Brick masonry walls (URM) are widely used as infill in reinforced concrete (RC) frame buildings in many countries, especially
in developing countries like Nepal (Fig. 3) due to their cost-effectiveness and ease of construction. However, they are vulnerable
to earthquakes and their damage is often reported during the earthquakes (Fig. 4). The behavior of infills under seismic loading is
complex because of their unpredictable performance, and the discrete properties of bricks and mortar. Hence, the effect of infills on
the building’s performance is being neglected during design and seismic performance evaluation. This may lead to the unpredictable
performance of the building resulting in undesirable damages during an earthquake as observed during the 2015 Nepal, Gorkha
earthquake (Fig. 2). Hence, to mitigate future earthquake damages, my studies focused on the investigation of the infill effect on
the seismic performance of buildings along with performance evaluation and infill out-of-plane (OOP) strengthening. To clarify
the infill’s effect on the seismic performance of the entire building, a detailed field investigation was performed in Nepal after the
2015 Gorkha earthquake. An RC frame building with brick masonry infills was selected for detailed study. Building details were
collected for the analytical studies and the infill’s mechanical properties were investigated through a series of tests (Fig. 5) during
field investigation. Microtremor measurement and analytical studies of the building were performed to verify the infill effect on the
building’s performance. The findings revealed that the seismic performance of the building is significantly affected by the URM
infills and the positive or adverse effect of infill depends on the number of building stories. Thus, this study suggests considering the

effect of infills for an appropriate seismic performance evaluation and safe design of buildings with URM infills.

Fig. 3 RC frame building with URM Fig. 5 Test on URM prism specimens
infill (Nepal)

The out-of-plane (OOP) collapse of URM infills is frequently reported during earthquakes (Fig. 4) causing dire consequences.
Hence, the OOP performance of URM infills with construction flaws (improper filling of the infill in between surrounding frame)
commonly encountered in Asian countries along with the merit of proper construction with passive confinement were investigated
through shaking table tests on full-scale specimens (Fig. 6). To evaluate the lateral resistance of URM infills, a theoretical method
was proposed based on the flexural behavior of the specimens and verified for practical applications. This study presents valuable
insights into the OOP performance and failure patterns of the URM infills and revealed that the proper construction of URM
infills within a frame can significantly improve the OOP strength. Efficient and economic strengthening of URM infill is another
challenging but essential part regarding the safety of building with URM infills. Focusing on the fact that bamboo is cheap and
easily available in developing countries where URM infills are frequently used, I have recently proposed and verified the OOP
strengthening of URM infill using bamboo sticks and its confinement using 7-layer brick masonry prism specimens (Fig. 7).

A practical and user-friendly seismic performance evaluation procedure of RC frame buildings with URM infills was proposed
by accounting for both in-plane (IP) and OOP performance of infills. The proposed method was applied to a residential building
in Nepal. The study revealed that for the safety and the accurate seismic performance evaluation of buildings, both IP and OOP
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Fig. 6 Shaking table test on URM infill Fig. 7 URM prism strengthened
(Meiji University) (Institute of Science Tokyo)

performance infill should be taken into account. I believe that findings from these studies contribute to mitigating earthquake
damages in the earthquake-prone countries where URM infills are used.

Research on CLT infill panel for sustainable society and structural health monitoring

Reduction of CO: emissions has become a major global challenge to prevent global warming and achieve a sustainable society.
Among various sectors, the construction industry is one of the largest producers of CO: due to the extensive use of non-reusable
materials. Cross-laminated timber (CLT) is an appropriate solution as it is a renewable resource which not only reduces the carbon
footprint but also offers advantages such as ease of installation and faster construction timeline. Since reinforced concrete frame
structure is widely used worldwide, effective utilization of CLT panels on such structures could make a significant contribution
to a sustainable society. Hence, to contribute to addressing global challenges while ensuring the seismic safety of structures in
earthquake-prone countries like Japan, I have been conducting research on RC frames with CLT infill panels (Fig. 8). The study
revealed that the CLT infill panels enhance the strength of RC frames by more than double compared to bare RC frame which shows
a beneficial effect of CLT infill panel during earthquakes.

Structural Health Monitoring (SHM) is the process to evaluate structural health for safety and to extend the life span of the
structure by detecting damages on the structure and assessing structural integrity. This can be applied to any infrastructure, especially
for aging structures since continuous monitoring enables early damage detection and timely maintenance, preventing severe damage
or collapse.

Considering these factors, I have been engaged in research on SHM using MEMS sensors, which are characterized by their cost-
effectiveness, ease of use, swift implementation, and high accuracy. The accuracy and reliability of the MEMS sensors based SHM
method have been verified through the investigations at the Institute of Science Tokyo (Fig. 9) and are being applied in buildings in
Nepal.

Sensor

Loading direction position

MEMS
sensor

Fig. 8 Static loading test on RC frame with Fig. 9 SHM using MEMS sensor
CLT infill panels (Osaka University) (Institute of Science Tokyo)
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Beyond research, my time in Japan has been a satisfying journey for cultural and academic enhancement. I have been engaged
with Japanese and international colleagues which have provided me with a global opportunity to enhance my knowledge in the field
of engineering.

I am grateful to the Japan Association for Earthquake Engineering for providing me the opportunity to share my work with the
esteemed members. I hope this article sparks further discussions on the seismic resilience of structures and creates new research
collaborations.
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