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Abstract: Developing countries suffer serious damages from every large scale earthquakes especially in human casualties. The
main cause of this is collapse of non-engineered construction. Therefore enhancement of seismic strength of non-engineered
construction is the very keen issue.
In this context Building Research Institute (BRI) launched a collaborative research and development project in 2006 with
National Research Institute of Earth Science and Disaster Reduction (NIED), National Graduate Institute for Policy Studies
(GRIPS) and Mie University as well as partner researchers and engineers in Indonesia, Nepal, Pakistan, Turkey and Peru. We
focus on realization of mitigation of disaster in actual situation and have beer working on three research topics as follows. This
paper is to introduce the outline of the research and development project and show the achievement we have obtained.
*Feasible and Affordable Seismic Construction
*Strategies for Dissemination of Technologies to People/Communities
*Risk Assessment and Management System
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1. Background
Large scale earthquakes always cause tremendous damages to human societies especially in developing countries.
Building Research Institute (BRI) has been contributing to mitigate disasters through offering technical supports
Country
Indonesia

Peru

Project
The project on the development of appropriate technology
for multi-story residential building and its environmental
infrastructures for law income people (Structure)
The Japan-Peru Earthquake and Disaster Mitigation
Research Center Project

Chile

The joint study project on earthquake disaster mitigation
in Chile

Mexico

The earthquake disaster prevention project

Turkey

Egypt

Kazafstan

Romania

The project for the establishment of Earthquake Disaster
Prevention
Research Center on the Republic of Turkey
The joint study project on the evaluation of seismic
activities in the
plate boundaries in Egypt
Continuation and improvement of the seismological
monitoring system for
earthquake preparedness and risk in the region of Almaty
city in theRepublic of Kazakhstan
The project on the reduction of seismic risk for buildings
and structures in Romania

Period
1993-1998

Counterpart
Research Institute for Human
Settlements

1986-1991

Japan-Peru earthquake and Disaster
Mitigation Research Center

1988-1991
1995-1998

University of Catolica

1990-1996

National Disaster Prevention
Center(CENAPRED)

1993-2000

Earthquake Disaster
Prevention Research Center

1993-1996

2000-2003

2002-2007

National Research Institute of
Astronomy and Geophysics
(NRIAG)
Institute of Seismology, Ministry of
education and Science, Republic of
Kazakhstan
National Center for Seismic Risk
Reduction, Ministry of Transports,
Constructions and Tourism (MTCT)

Fig. 1 list of JICA/BRI Projects for Establishing R&D centers

to JICA to establish research and development centers in eight countries (Fig.1) and organizing/managing Group
Training Course on Seismology and Earthquake Engineering for more than forty years (Fig.2).
Based on these experiences and expertise, BRI launched a research and development project with three Japanese
institutes namely National Research Institute for Earth Science and Disaster Prevention (NIED), National Graduate
Institute for Policy Studies (GRIPS) and Mie University in collaboration with research institutes in developing
countries.

Fig.2 Number of participants from each country of the Group Training Course

2. Outline of Research and Development Project
2.1 Experiences of recent large scale earthquakes
Each of large scale earthquakes causes serious damages to human societies with enormous number of loss of lives and
the injured. We experienced Sichuan Earthquake 2008, Pisco Earthquake 2007, Central Java Earthquake 2006 and
Northern Pakistan Earthquake in 2005, each of which reminded us that mitigation of disasters is one of the most urgent
task for research community in earthquake prone area again and again shown in Fig. 3 and 4.
2.2 Purpose and outline of the Research and Development Project
The purpose of the project is to enhance capability of research and development for earthquake disaster mitigation of
each country in earthquake prone areas in Asia, which is expected to be basis for development of strategies and policies
on their own initiative.
We implement collaboration in R&D with five Asian countries, Indonesia, Nepal, Pakistan, Turkey and Japan, for three
years focusing on the most essential research topics for mitigation of disasters listed below with an additional
participant of Peru. We will share information and experiences through workshops, video conferences, and mutual visits
of researchers and implement joint research/surveys/ experiments.

Topic 1: System for Estimation and Management of Seismic Risks of Buildings
Topic 2: Feasible and Affordable Seismic Constructions
Topic 3: Strategies for Dissemination of Technologies to Communities

Fig. 3 Collapsed adobe houses in Pisco Earthquake 2007

Fig. 4 Damages caused by Northern Pakistan Earthquake 2005

Each of countries is responsible for its people to provide safe constructions and needs to develop capacity of R&D of
their own as the basis of development of the strategies and policies. In this context we propose a collaborative research
and development among six countries with full utilization of IT tools such as video conference system and internet. We
are to share experiences and achievements of each partner country to make the best use of them through collaborative
R&D activities and will further disseminate them to neighboring countries through international symposiums or other
events.
R&D activities of each topic are to be facilitated and managed by the designated researchers listed below. BRI
coordinates activities among the three topics for integrated approaches for mitigation by organizing annual workshops
and video conferences.
Topic 1: System for Estimation and Management of Seismic Risks of Buildings
Toshiaki YOKOI, Chief Research Scientist, Building Research Institute, Japan (BRI)

Fig.5 Structure of Research and Development Project for Mitigation of Earthquake Disasters

Topic 2: Feasible and Affordable Seismic Constructions
Co-Facilitator on Structures and Construction Practices
Toshikazu HANAZATO, Professor, Mie University
Co-Facilitator on Planning and Implementation of Experiments
Chikahiro MINOWA, Chief Research Engineer, National Research Institute for Earth Science and Disaster
Prevention (NIED)
Topic 3: Strategies for Dissemination of Technologies to Communities
Kenji OKAZAKI, Professor, National Graduate Institute for Policy Studies (GRIPS)
2.3 Justification of the Research and Development Project
The R&D focuses on realization of mitigation of disasters, not research achievement, and concentrate to conventional
houses which is the main cause of human losses. R&D is to contribute to prepare complete proposal of strategies for
mitigation without “missing ring”.
- Why mitigation of disasters by earthquake?
Because earthquakes cause serious damages to human societies.
- Why conventional houses in developing countries?
Because developing countries are more vulnerable as they could not afford to be prepared and conventional houses
should be focused as it is the main cause of human losses.
- Why feasible and affordable technologies?
Because excellent technologies in industrialized countries can not necessarily improve the situation in developing
countries. We need appropriate technologies which are affordable and feasible for developing countries and have to
learn every aspects of each of the communities such as materials, structures, labor skills, relevant industries, local
economies, and households.
- Why dissemination of technologies to communities?
Because technologies can work only when people/communities accept and introduce them into their life. Therefore
dissemination of technologies to people/communities is the key issue. We have to be aware that developing countries do
not have social infrastructures for disseminating technologies such as enforcement of building codes or standards.
- Why risk management system?
Because evaluation and awareness of potential risks of earthquakes is the very first step for the mitigation strategies. It
allows us to prepare future possible earthquakes effectively and could contribute to enhance awareness of policy makers,
people in practice, people in communities and all relevant people.
- Why wider range of people to be involved?
Because mitigation of disasters requires comprehensive approach including science, engineering, socio-economic
studies, policy studies, development studies and other relevant studies.
2.3 Basic scheme of the Research and Development Project
The activities of the project can be categorized into two types of Platform and R&D Components as follows.
- Platform for collaboration among participating institutes
Mutual visits, events for sharing information and discussion, communication by IT tools like video conference system
and internet
- R&D components for collaborative works
We have a policy that any people/institute who are interested in earthquake disaster mitigation is welcomed to propose
and participate in them and that all the institutes are requested to contribute in any of possible ways like planning and
elaborating activities, management of implementation, preparation works, field survey, analysis, financial support and
others. The achievements will be shared through the Platform mentioned above. After series of discussion with partner
researchers in six countries, we decided seven R&D Components as follows.
Research Topic 1 <System for Estimation and Management of Seismic Risks>

Component 1-1 Contrivance for Seismic Risk Recognition by Communities
Component 1-2 Compilation of Available Information/Data on Seismic Risks
Research Topic 2 <Feasible and Affordable Seismic Constructions>
Component 2-1 Research on Feasible and Affordable Seismic Constructions with Full Scale Model Experiment
Component 2-2 Bridge between Engineering and Construction Works
Component 2-3 Development of Simple and Affordable Seismic Isolation
Research Topic 3 <Strategies for Dissemination of Technologies to Communities>
Component 3-1 Strategies for dissemination of Technologies to Communities
Component 3-2 Compilation of Manuals/Guidelines/Brochures for Safer Housing

3. Outline of Activities
3.1 Platform of R&D
3.1.1 Mutual visit of researchers and discussions

In each year, Japanese researchers visit counterpart organizations and invite counterpart researchers to Japan for
exchange of information and views, discussion on activities programs, collaborative research or experiments.
For launching the R&D project, we invite nine researchers from Indonesia, Nepal, Pakistan, Turkey and Peru from
December 14 to 29, 2006 (sixteen days) and had a series of technical visits and discussion on activities program.
Through these activities we selected seven R&D Components listed in 2.3.

Fig. 6 Group Discussion on R&D activities programs

Fig. 8 Technical visit to the Large scale shaking table facility
of NIED in Miki city, Hyogo Prefecture

Fig, 7 Technical Visit to Geological Survey Institute, Japanese
Government

Fig. 9 Technical visit to the Large range shaking table in Building
Research Institute (BRI) in Tsukuba, Ibaraki Prefecture

3.1.2 Video Workshops
We have been organizing video workshops as major communication tools with researches in abroad both formal and
casual, open to public and discussion of participating researchers. Followings are the example of formal and open to
public ones. The proceedings are available on web site of BRI at the following addresses.

A) Tokyo International Workshop 2006 on Earthquake Disaster Mitigation for Safe Housing
Date: November 22 and 23, 2006
Venues: Tokyo and seven sub venues
Number of participants: 189

Fig. 10 Plenary session of Tokyo International Workshop 2006

Fig. 11 Group discussion on Peru on November 23, 2006

B) International Workshop on Simple and Affordable Seismic Isolation in 2007
Date: February 8, 2007
Venues: Tokyo and six sub venues in five countries in four countries
Number of participants: 148
C) Thematic International Workshop 2007 on Feasible and Affordable Seismic Constructions in Developing Countries
Date: July 18, 2007
Venues: Tokyo and seven sub venues in five countries
Number of participants: 143

Fig. 12 Presentation at the main venue of Tokyo on Jaly 18, 2007 Fig. 13 Presentation at the sub venue of Peshawar, Pakistan on
video conference network

D) Thematic International Workshop 2007 on Disaster Management System and Dissemination of Technologies in
Nepal
Date: September 27, 2007
Venues: Hotel del’ Annapurna, Kathmandu, Nepal
Number of participants: 44
E) Tokyo International Workshop 2006 on Earthquake Disaster Mitigation for Safe Housing
Date: January 24, 2008
Venues: Tokyo and eight sub venues in five countries
Number of participants: 134
F) Thematic International Workshop 2008 on Risk Perception of Earthquake Disaster

Date: March 5, 2008
Venues: Tokyo and eight sub venues in eight countries
Number of participants: 44
G) Thematic International Workshop 2007 on Disaster Management System and Dissemination of Technologies in
Nepal
Date: September 27, 2007
Venues: Hotel del’ Annapurna, Kathmandu, Nepal
Number of participants: 44
<addresses of website of the proceedings of the workshops>
http://www.kenken.go.jp./english/information/information/event/ws2007/index.htm
http://www.kenken.go.jp./english/information/information/event/nepal-ws/index.htm
http://www.kenken.go.jp./english/information/information/event/tokyo-2007/index.htm
http://www.kenken.go.jp./english/information/information/event/tokyo-2006/index.htm
http://www.kenken.go.jp./english/information/information/event/shaeic/index.htm

3.2 Activities for R&D Components
3.2.1 Component 1-1Contrivance for Seismic Risk Recognition by Communities
Estimation of risk and perception of risk is the first step of risk management. We find difficulties in the situation as
necessary data for risk estimation is usually not available in developing countries especially data on each houses and
community. In order to manage this situation, this Component is to develop effective tools to grapes earthquake risk of
each community with participation of residents in collecting information on their own community.
The tools consist of following items.
*software to prepare mapping base with full utilization of free satellite image or aero photos
*software for recording data on site with cheap devices
Residents are encouraged to participate in the survey and evaluate their own houses by simple criteria for seismic safety
of houses. The participation activities are expected to let the residents more aware of earthquake risks and to be
prepared for the future earthquakes.

Fig. 14 Outline of Component 1-1

3.2.2 Component 1-2 Compilation of Available Information/Data on Seismic Risks
This Component is to collect available data/information regarding to earthquake risks such as seismic zone map for
building codes, reports of survey in specific areas and so on as basic data inventory.

3.2.3 Component 2-1 Research on Feasible and Affordable Seismic Constructions with Full Scale Model Experiment
Although we have several analysis of
structural
behavior
of
non-engineered
structures during earthquakes based on
observation of collapsed houses after big
earthquakes, precise procedures of failure are
still not clarified. Therefore we conduct
shaking table experiments of full scale
specimen of non-engineered houses to grasp
the actual behavior. We also try to develop
numerical model of Finite Element Method
(FEM), Distinct Element Method (DEM) and
Frame
Analysis
Method
based
of
measurement data of the experiments for
analysis of different design model and
evaluation of effects of reinforcement
elements. Furthermore we plan to verify the
reinforcing effect by proposed designs by full
scale shaking table experiments for the final
stage of this Component.

Fig. 15 The very moment of collapse of brick structure

Fig. 16 Input shaking motion (above) and cracks in the brick
structure at the moment indicated by red circle

3.2.4 Component 2-2 Bridge between Engineering and Construction Works
We observe a huge gap between engineering and construction practices in construction site of non-engineered houses.
This Component is to try to propose feasible and acceptable technical solution (reinforcing designs) to local workers.
For the purpose we implement monitoring construction procedures to grasp actual situation such as construction works,
procedures, materials, tools/equipment and labor forces. Based on the monitoring result we propose feasible designs
which are acceptable for the workers. In order to verify the effects of reinforcement or other purpose, we conduct
experiment of structural members.

Fig. 17 Bending work of rebar on site

Fig. 18 Placing of rebar fabricated on the ground

Fig. 19 Connection of rebar in column and beam
Insufficient overlapping

Fig. 20 Requirement by the designer on connection of rebar

3.2.5 Component 2-3 Development of Simple and Affordable Seismic Isolation11
Seismic isolation is one of very effective technologies to mitigate damages caused by big earthquakes. However
application is still limited to specific buildings because of sophisticated design/construction works and high cost. This
Component is to develop simple and affordable seismic isolation technologies applicable for developing countries. We
have conducted several possible seismic isolation devices as follows and will identify most possible solutions.
*simple sliding devices with low cost materials such as stone plain, metal plate
*low cost rolling devices with usual steel materials such as steel bar or steel plate
*laminated scrap tire pads
*simple sliding devices with steel plate with projections, geo textile or others

Fig. 22 Detail of scrap tire pads
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Fig. 21 An example of simple and affordable seismic isolation
device of scrap tire pads proposed by Dr. Ahmed Turer
from Middle East Technical University (METU) in Turkey
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Dissemination of technologies to communities is very keen issue in
developing countries as social infrastructures for dissemination such
as institutional scheme for technical guidelines, effective enforcement
of building codes, established training program for construction workers
and designers. We have to explore every possibilities for dissemination
both formal approach and informal approach.
This Component takes comprehensive approach including followings.
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*collecting and analyzing good practices
*interview survey on risk perception of relevant stakeholders such as home owners/residents, construction workers,
local government officials
*survey on policies of local government and central government on disaster mitigation
*pilot projects in each participating countries with several approaches

Fig. 24 Demonstration for dissemination of technology
with 1/10 scaled models by simple shaking table

Fig. 25 Active participation of audience

3.2.7 Component 3-2 Compilation of Manuals/Guidelines/Brochures for Safer Housing
Easy and user friendly manuals/guidelines are effective tools for safer non-engineered houses. We find several
examples for the purpose. The Component is to collect and inventory them for reference.
4. Conclusion

“It remains something of a paradox that the failures of non-engineered buildings that kill most
people in earthquakes attract the least attention from the engineering profession.” A statement
above by UNISDR (United Nations International Strategy for Disaster Reduction) in their report
“Living with Risk: 2004 version” clearly describe the situation on non-engineered structures. We
experience Sichuan Earthquake in China and suffered from terrible damages again this May. It makes
us to believe strongly that we should continue to work on this issue and encourage more people in
engineering community to have attention to non-engineered structures.
Reference:
1) Living with Risk: 2004 version, UNISDR (United Nations International Strategy for Disaster Reduction)
2) PROPOSAL FOR SAFER BUILDINGS AND HOUSING AGAINST EARTHQUAKE IN DEVELOPING
COUNTRIES <Learning from Northern Pakistan Earthquake 2005>, Tatsuo Narafu, Mizuo Inukai, First
European Conference on Earthquake Engineering and Seismology, September, 2006
3) HOUSING RECONSTRUCTION PRACTICES IN ACEH, INDONESIA, Kenji Okazaki, Tatsuo Narafu, Journal
of Architecture and Planning (Transaction of AIJ), Architectural Institute of Japan, September 2007
Author: Tatsuo Narafu
Senior Coordinator for International Cooperation, Building Research Institute (BRI),
Doctor of Engineering, Tsukuba University in March 2008, Graduated from Kyoto University in 1978
Worked for Ministry of Land, Infrastructure and Transport (MLIT), National Land Agency, Local Government of
Tottori and Local Government of Akita

概要：開発途上国においては、大規模地震により甚大は被害を被ってきている。その主要な原因はノンエ
ンジニアドと呼ばれる庶民住宅の倒壊である。その被害軽減を図るため、建築研究所は、防災科学技術研
究所、政策研究大学院大学、三重大学と共同で、インドネシア、ネパール、パキスタン、トルコ、ペルー
の研究機関と、3 テーマ（①実践的な耐震工法 ②技術の社会への定着方策 ③建物リスクの把握とマネ
ージシステム）について共同研究を進めて来ている。本論は、その概要をその概要を紹介するものである。

