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Messages

Mr. Shinken Sakawa
Director General
Housing and Architecture Bureau
City of Yokohama
I would like to express our condolences
to the people who were affected by the
earthquake. Japan is another country that
experiences countless earthquakes, and
Yokohama City cannot help empathizing
with Kathmandu Metropolitan City.
It is extremely important for us to ensure
the safety of public facilities and individual
houses for the people to be able to live
without concerns. Through the experiencing
of many massive earthquakes, Yokohama has
cultivated much knowledge and know-how. It
would be a huge pleasure for us to help other
cities abroad if our knowledge and skills may
be useful in their reconstruction efforts.
We signed a memorandum of understanding
in June 2016 with Kathmandu Metropolitan
City and CITYNET Yokohama Project Office.
We are looking forward to providing genuine
help to Kathmandu and to working together
with the private sector to construct a friendly
relationship with Kathmandu Metropolitan City.

Mr. Indra Man Singh Suwal
Head of Department
Disaster Management Department
Kathmandu Metropolitan City Office
On behalf of Kathmandu Metropolitan City
Office, it is my pleasure to contribute to this
first issue of the Training on Structural and
Seismic Engineering being conducted between
the City of Yokohama and Kathmandu.
The Nepal Earthquake made us realise that
the need to strengthen the capacity of the
technical people as well as the general public
on building construction and disaster risk
reduction management is extremely crucial.
We believe that the experiences from Japan,
particularly in relation to the earthquakes
and other natural disasters are vital for
the Nepalese people to understand how
Japan rebuilt itself after the calamities.
The training will not only benefit the
engineers of Kathmandu and we commit in
disseminating this acquired knowledge to
other affected municipalities in Nepal.
I would like to highly appreciate the efforts and
kindness the City of Yokohama and CITYNET
Yokohama Project Office has given for the
opportunity to learn from Japan and hope that
this friendship and cooperation will strengthen
the relations between our two cities.
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I. Understanding Earthquakes
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Regional earthquakes above M7 since 1916.
Country
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Year

Magnitude

1916

7.0

1932

8.0

2015

7.8

1904

7.9

1929

7.1

1949

8.6

2000

7.7

1934

7.2

1946

7.3

1951

7.4

Faults
Faults are zones of crushed rocks that
separate each block of the earth’s crust,
which is the outer most layer of the planet,
and earthquakes are caused when plate
movement causes these crushed rocks to
slip. Thus, earthquakes usually occur along
faults. The image on the left shows that a
fault line passes straight through Nepal,
which explains why the country experiences
so many earthquakes. This is one of the
most seismically active areas in the world.

Plate Tectonics
Between 40 and 50 million years ago, the
plate-tectonics movements forced the Indian
plate and Eurasian plate to collide with each
other, which pushed the impinging land
upward creating the Himalayan summits.
This collision of the two plates continued
for millions of years, resulting in creating
Himalayas including the 8848m peak of Mt.
Everest as shown in the figure below.
Sources: Earthquakes and Megacities Initiative (EMI), U.S.
Geological Survey (USGS)

Himalayas

Tibetan Plateau

Eurasia Plate
India Plate
Figure showing movement of the plates and the formation process of the Himalayas
Sources: U.S. Geological Survey (USGS), Southern California Earthquake Center
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III. Architectural Trends in Nepal
Generally, traditional architecture of Nepal,
specifically used by the Newar communities,
is constructed with wood, sun-dried
brick and mud/mortar. Wood is typically
used to construct columns, beams and
support for openings. Bricks are used to
construct the walls, both for exterior and
interior. The mud and mortar are used as
adhesive material between the bricks.

II. History of earthquakes
As it can be seen from the timeline
above, Nepal has experienced numerous
disastrous earthquakes in the past two
centuries. Eleven of them have been
with a magnitude greater than 6.0 and
three of them with an even greater
magnitude than the earthquake in 2015
which caused thousands of deaths.
The average span of time for Nepal to
receive an earthquake with a magnitude
of 7 or larger is 70 years however this
does not mean the earthquakes will
not happen earlier; an earthquake
of this magnitude has the potential
for catastrophic damage and harm,
especially in vulnerable urban areas.
On average 10 earthquakes with
the magnitude of 7 or above
has occurred India, Nepal and
Tibet in the past 100 years.
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Many cases have been seen, especially in
residential buildings, where buildings have
collapsed during the earthquake due to the
use of mud for the joints between bricks.
These buildings were usually unreinforced.
Because these structural characteristics
tend to be seen in the most primitive form of
vernacular architecture of Nepal, it is usually
perceived that traditional architecture in
Nepal is very vulnerable in comparison to
modern buildings constructed with concrete.
On the contrary, as the majority of traditional
buildings built decades ago with timber bands
survived the massive Gorkha Earthquake
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Timeline of earthquakes in Nepal 1800-2015

as well as other past earthquakes, this
indicates that not all masonry buildings are
at risk of collapsing in an earthquake.
In the past few decades, Nepal has seen
changes in the variety of construction
methods used in the country. As the scale
of buildings grow in size and purpose
of usage start to differ, more and more
buildings now are constructed using RC
to increase durability of buildings as well
as their resilience against calamities like
earthquakes. To ensure the safety of new
buildings constructed with these types of
modern construction methods, the National
Building Code (NBC) was enacted in 1994.
However, the introduction of regulations did
not automatically ensure the safety of new
buildings. It is not always the case that the
buildings are constructed in compliance
with the NBC. Financial constraints, duration

of construction and often negligence
often lead to constructions that do not
follow appropriate guidelines. Another
factor contributing to weaker construction
practice is the lack of skilled labor. Proper
governance and supervision mechanism
would be essential to ensure the buildings
comply with the NBC at the municipal level.
Nevertheless, if the finished building does
not comply with safety regulations, the risk
of it collapsing in an earthquake will increase
dramatically. The majority of assessments
after the Gorkha Earthquake concluded that
buildings which were constructed illegally
or which were altered after receiving the
building permit from the local authority were
more likely to collapse or be damaged.
Sources:
Dr. Rajani Shrestha, Khwopa Engineering College
Randolph Langenbach, Taylor & Francis Group
Article by Rising Nepal

C2C ON POST-EARTHQUAKE SUPPORT ON RECONSTRUCTION 7

Kathmandu and Yokohama are members
of CITYNET and belong to CITYNET
Disaster Cluster. After the 2015 Gorkha
Earthquake, as a member of CITYNET,
Municipal Association of Nepal (MuAN)
requested CITYNET Secretariat for the
dispatch of experts from Seoul and
Yokohama City to help with the technical
assessment and consultation toward the
establishment of recovery plans. The
assessment was realised in July 2015.

		

Type 2 (A)

As the lead city of CITYNET Disaster
Cluster, Yokohama made a commitment
through the “Yokohama Declaration” in
2012 to support Asian cities on disaster
risk reduction activities.As a part of
this commitment, Yokohama signed a
Memorandum of Understanding (MOU)
in 2016 with Kathmandu after their 2015
earthquake to support its reconstruction
efforts as a CITYNET City-to-City
Cooperation project.

Type 1

Type 2 (B)

IV. Technical Assessment
Mainly buildings with two types of architectural
structures were inspected to analyse the
damages of the earthquake. Type 1 was the
masonry structure without reinforcement and
Type 2 was masonry structure with Reinforced
Concrete (RC) framing*. In general, less damage
was seen in the second type in comparison to
the first, although there were numerous cases
where buildings with reinforcement collapsed
where the ground was soft, especially near
water bodies. Because most buildings were
not reinforced in the rural areas, more damage
were seen outside of the urban areas. Within
KMC, large scale damages were seen in
historical buildings due to the same reason.
*There are two categories of reinforcement: Type 2(A) The
columns, floor slab and beams made of RC and external
walls are masonry walls. Type 2 (B) External walls are made
of masonry structure and are reinforced using RC framing.
8
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According to interviews with various
organisations working on the reconstruction
of Nepal residents started reconstructing
their houses after the earthquake, however
without compliance to the NBC. Furthermore,
it is a critical issue that residents perceive
the undamaged reinforced masonry buildings
not complying with the NBC as safe as there
is a risk that they are not able to withstand
future earthquakes of a larger scale.

V. Trainings
i. 1st Training, Yokohama
The first training of the Structural and
Seismic Engineering Training Project to help
Kathmandu Metropolitan City (KMC) with its
reconstruction process was conducted in
March 2016 in Yokohama City. Three architects/
civil engineers from KMC were invited to
Yokohama to learn about seismic retrofitting
techniques and administrative processes to
improve seismic resistance in buildings.
During the stakeholder discussion
meeting after the damage assessment,
KMC expressed their interest in exploring

alternative earthquake resistant building
construction techniques besides RC
structures. Wooden structures and steel
structures were both suggested during the
discussion as options to be explored.

Main Topics

• Administrative Process in Building
Construction and Inspection
• Structural Measures Against Earthquakes
• City Hall’s Seismic Retrofitting Project
• Public Housing/House Pooling Policies
• Field Visit to Red Brick Warehouse –
retrofitting of brick buildings in Japan
• Site visit to City Hall’s Seismic Isolation Device
• Study visit to NICE Corporation –
Private Initiatives in wooden structures

ii. 2nd Training, Kathmandu
The second training was realised in June 2016
in Kathmandu City. There were 24 engineers
in total, from municipalities effected by the
earthquake, including Kathmandu, Lalitpur,
Bhaktapur, Madhyapurthimi, Kritpur,
Kageshwori-Manohara, Shankharapur,
Gokarneswor, Budhanilkantha, Tokha, Nagarjun,
Chandragiri, Dakshinkali and Tarkeshwor.
Four architects were dispatched from
Yokohama’s Housing and Architecture
Bureau to conduct seven sessions in
the topics indicated to the right.

An MOU was signed by Kathmandu
Metropolitan City, Yokohama City and
CITYNET Yokohama Project Office during
this training, aiming to advance postearthquake reconstruction of KMC through
capacity development of engineers
and strengthen the cooperation and
relationship between the two cities.

Main Topics:
• Introduction to Japanese Structural
Regulations for Earthquake
Resistant Buildings
• Architectural and Urban Planning
Measures for Disaster Risk Reduction
• Methods of Calculating Stress in Structures
• Introduction to Allowable Unit Stress
Calculations in Steel and RC Structures
• Design of B/BWRC (Brick/ Bamboo
Walled Reinforced Concrete)
• Kathmandu City Hall Seismic Diagnosis

Needs that emerged from this training
Participants were introduced to basic
structural regulations in Yokohama, including
specification codes for RC structures and
steel constructions, inspection system in
construction process and minimum required
strength of buildings against earthquakes.
Comparisons of these elements between
Japanese standards and the National Building
Code (NBC) of Nepal show that buildings
in Japanese building regulations generally
require architectural structures to withstand
earthquakes of larger scales in comparison to
Nepal. Because the NBC is set at the national
level, the city needs to undertake the role
to ensure that residents construct buildings
in compliance to the Code. Findings during
the assessment prove that the majority
of buildings that complied with the NBC
survived the massive Gorkha Earthquake.
There were several sessions that introduced
calculations and usage for steel structures
during the second training. Participants
expressed interest in promoting more
usage of steel structures in Nepal due
to its relative simplicity of construction,
therefore some potential challenges need
to be cleared in order to mainstream this
type of construction. First of all, there are
no specification codes or standards for
material quality. Second, currently there
are no manufacturing facilities within Nepal
that can make steel construction materials
since all supplies are imported from India.
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The challenge remains, however, that there
are no fabrication facilities of steel materials
nor the system to examine the quality of
materials. These aspects raise the cost of
steel structures in Nepal. Furthermore, if
steel structures are to be widely introduced
in Nepal, construction workers who are
directly involved in the manufacturing and
assembling of steel structures need to be
trained to ensure quality structures.

iii. 3rd Training, Kathmandu
The third training was conducted in October
2016 in Kathmandu. Similar to the 2nd
training, there were participants from outside
Kathmandu. In addition to the municipalities
mentioned in the 2nd training, there were
engineers from municipalities. There was a total
of 32 participants who attended this training.

Characteristics of wood as a construction
material and the unique construction
method called “timber framework” was
introduced to participants. The speaker
conducted demonstrations to test different
brace designs of walls constructed with
wood using a 1/100 model walls and
weight to hang from the model walls.

Main Topics
• Contents of Building Standard Laws of Japan
• Yokohama’s Measures on Illegal Structures
• Integrating Urban Planning
Disaster Risk Reduction
• Japanese Seismic Techniques for
Constructing Safe Steel Frame Structures
• Constructing Wooden Structures
and its Potential in Nepal
An overview of the system of the Building
Standards Act was given to participants
to explain the flow of construction work
and procedures of inspection and building
permission in Yokohama City. Contents of
regulations concerning fire protection and
evacuation were also given to emphasize the
importance of ensuring safety in buildings
to protect lives. Furthermore, a presentation
on countermeasures taken against building
violations by Yokohama City was given,
followed by a discussion on considering
countermeasures against violations in Nepal.
To reflect KMC’s intentions to further
explore possibilities of applying steel frame
structures in the city, the third training
program introduced details such as material
specifications, types of junctions, joints and
welding, and quality assurance system.
10
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A presentation on the integration of Disaster
Risk Reduction (DRR) measures in urban
planning was also given, which the participants
found useful in setting up the foundation
system to build a safer city in the future.
Integrating DRR measures in urban planning
also signifies mainstreaming these measures
in all plans by the City. To achieve this, it is
essential that the government, private sector
and the public are all aware of the importance
of building a safe city and their roles in this.

VI. Challenges

iii. Cooperation between different sectors

i. Lack of production facilities

In relation to Challenge ii. to narrow the
knowledge gap between different sectors,
there is a need to mainstream better
construction techniques to achieve a
common goal to build a safer Kathmandu.

To speed up the recovery process after the
Gorkha Earthquake, Kathmandu has been
looking for alternative construction methods
to RC structures as they can often be time
consuming. Kathmandu has been considering
steel frame structures and timber construction,
however fabrication and processing facilities
of steel and timber materials do not exist
in Nepal. This also directly connects to the
issue of lack of availability of quality goods
and lack of system of quality assurance.

ii. Knowledge gap between government
officials, labour workers and the public
Although trainings have been focusing on
increasing city officials’ knowledge and
capacity in high quality construction methods
in RC, steel and timber structures, this will not
be effective unless the labour force working
at the construction sites is trained to have
the same capacity. The challenge is to narrow
the knowledge/capacity gap between workers
in all sectors. In addition, it is vital to raise
awareness among residents on DRR initiatives.
Although government officials have sufficient
knowledge in the Building Code and are aware
of the importance of building according to
the Code for the safety of the people, the
public often make unauthorized changes to
construction plans after they have received
permission to build from the local authorities.

VII. Way forward
Each country, each city has its own historical
background with different beliefs. This has
a larger effect than people can imagine, on
the way cities are constructed and the way
people live. In order to maximise the lessons
learnt, it is critical to seek localised solutions
and to create an environment in which the
knowledge gap can be minimised across all
sectors for effective implementation of plans.
While it has become urgent to speed up the
reconstruction process, the dilemma for
municipalities such as Kathmandu is the
necessity to take precautions for Building Back
Better which will consume more time than
what used to be the usual practice. In order
to generate better practices of constructing
buildings, municipalities now are exploring
various possibilities to cater to its residents.
Like any urban city in the world, there are still
many challenges from administrative to to
technical, that may hinder Kathmandu from
taking steps forward. Safety of the people
as the first and foremost urgent priority
cannot be compromised particularly when
trying to rebuild. It would be important to
address the rebuilding process with this
priority through a cross-sectoral approach
so that each city department or division can
develop plans, budget and the timeframe
to contribute equally to the process.
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CITYNET is an expanding network
connecting local governments and urban
stakeholders across the Asia-Pacific
region. CITYNET promotes capacity
building and city-to-city (c2c) cooperation
for people-friendly cities.

Y O K O H A M A
International Organizations Center,
5F, Pacifico-Yokohama 1-1-1 Minato Mirai,
Nishi-ku, Yokohama 220-0012, JAPAN
TEL: (81) 45-223-2161 FAX: (81) 45-223-2162
E-mail: info@citynet-yh.org
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www.citynet-yh.org

