LELEREL s

EER

Ve e =~ =
A dd g i d g & k. K

BB EEEEE e mEEw-

e m——

/

é| = WAL W B EA

|

e gp——

o A . s
i | —
" | Nk&fﬁ.qur..rn
.
.~

o
e
g

| e T




USMCA 2012

(SEIKEN SYMPOSIUM 71)
oy
ICUS Report 2012-03 (serial N0.65)

the 11" International Symposium
on New Technologies
for Urban Safety of Mega Cities in Asia

October 10-12, 2012
The Government House, Ulaanbaatar, Mongolia

Edited by
Eiko Yoshimoto

Organized by
The Mayor of Ulaanbaatar city,
Mongolian University of Science and Technology (MUST), Mongolia,
and
International Center for Urban Safety Engineering,
Institute of Industrial Science, The University of Tokyo, Japan

Sponsored by
The Office of the President of Mongolia,
The National Security Council of Mongolia,
The Government of Ulaanbaatar city, Mongolia,
and
The Foundation for the Promotion of Industrial Science, Japan,

Supported by
The President of Mongolia



SYMPOSIUM ORGANISERS

STEERING COMMITTEE

E.Bat-uul, Mayor of Ulaanbaatar city, Mongolia

L.Erkhembayar, Adviser to the President of Mongolia

S.Dashdondog, Adviser to the Vise Prime Minister of Mongolia

Ts.Amgalanbayar, Director, National Emergency Management Agency, Mongolia
Yo.Jargalsaikhan, Senior Officer, National Security Council, Mongolia

N.Gantumur, Deputy Mayor of Ulaanbaatar city, Mongolia

B.Ganbold, Director, Asian Department, Ministry of Foreign Affairs, Mongolia

Ts.Bayarbat, Director, Policy Department of Construction,

Buildings and Communication Infrastructure, Ministry of Construction and Urban Development
Bayarsaikhan, Director, Land, Construction, Geodesy Agency, Mongolia

B. Damdinsuren, Director, Mongolian University of Science and Technology

P.Otgonbayar, Director, School of Civil Engineering and Architecture, Mongolian University of Science and Technology
U.Sukhbaatar, Director, Research Center Astronomy and geophysics, Mongolian Academy of Science
Katsumi Mushiake, Foundation of River & Watershed Environment, Japan

Mehedi Ahmed Ansary, BUET, Bangladesh

Sudhir Misra, 11T Kanpur, India

Takeo Uomoto, Chief Executive, Public Works Research Institute, Japan

Yoshiaki Nakano, Director, 11S, the University of Tokyo, Japan

Tsuneo Katayama, Tokyo Denki University, Japan

Wei Cheng Fan, CPSR, Tsinghua University, China

Worsak Kanok-Nukulchai, AIT, Thailand

Yoshifumi Yasuoka, NIES, Japan

TECHNICAL COMMITTEE

E.Khurelbaatar, General Architect, Director of Construction and Urban Planning Department, Ulaanbaatar city, Mongolia
G.Nandinjargal, Head of Urban Policy Development Department, Ulaanbaatar city, Mongolia

R. Turbat, Director, E-School, Mongolian University of Science and Technology

E.Ninjgarav, Vice director, School of Civil Engineering and Architecture, Mongolian University of Science and
Technology

Chung Sung Gyo, Dong-A University, Busan, Korea

Chayanon Hansapinyo, Chiang Mai University, Thailand

Haruo Sawada, ICUS, I1S, the University of Tokyo, Japan

Kiang Hwee Tan, National University of Singapore, Singapore

Kimiro Meguro, ICUS, I1S, the University of Tokyo, Japan

Munaz Ahmed Noor, BUET, Bangladesh

Pennung Warnitchai, AIT, Thailand

Somnuk Tangtermsirikul, Thammasat University, Thailand

Srikantha Herath, United Nations University, Japan

Taikan Oki, 11S, the University of Tokyo

ORGANIZING COMMITTEE

M.Ulziibat, Head of Seismological Department, Research Center Astronomy and geophysics, MAS
T.Erdenetuya, General Engineer of Construction and Urban Planning Department, Ulaanbaatar city

T. Batbayar, Senior Specialist of Construction and Urban Planning Department, Ulaanbaatar city
M.Oyunchimeg, Associate Professor, School of Civil Engineering and Architecture, Mongolian University of
Science and Technology

Akiyuki Kawasaki, ICUS, 11S, the University of Tokyo, Japan

Kohei Nagai, ICUS, 11S, the University of Tokyo, Japan

Shinya Kondo, ICUS, IIS, the University of Tokyo, Japan




PREFACE

On behalf of the Organizing Institutes of the 11 International Symposium on
New Technologies for Urban Safety of Mega Cites in Asia (USMCA 2012), | express
our sincere gratitude to all symposium participants and distinguished guests.

In the Asia and Pacific-Rim regions, rapid economic development along with
population growth and concentration, are fast accelerating the pace of urbanization.
Unfortunately, the rapid expansion of urbanization infrastructure is not adequately
balanced with the appropriate measures for its maintenance and management, thereby
resulting in serious urban disasters. During the last few years, several big disasters
have occurred in Asia and the Pacific Rim regions, such as the killer cyclones Sidr in
Bangladesh (2007), Nargis in Myanmar (2008), and Aila in Bangladesh and India
(2009), and Typhoon Ketsna in the Philippines (2009), flooding in Mongolia (2009),
Pakistan (2010) and Thailand (2011), the devastating earthquakes in Sichuan, China
(2008), Sumatra (2009), Samoa (2009) and Japan (2011), and heat waves in Russia and
Japan (2010). The number of fatalities and missing reported due to these disasters was
well over 200,000. These unprecedented events have evidently shown us the significant
importance of urban safety.

The International Center for Urban Safety Engineering (ICUS) was established
in 2001 at the Institute of Industrial Science (11S), the University of Tokyo, with the
objectives of carrying out researches on urban safety and implementing them towards
the realization of safer cities in the 21 century. For over a decade, ICUS has been
actively tackling advanced researches, as well as the enhancement of networking,
dissemination and information collection.

Based on ICUS’s past ten-year activities, the “new” ICUS was launched in
April 1, 2011. The purpose of the “new’ ICUS is to identify, investigate, and resolve
issues towards the realization of sustainable urban systems. Our goal is to build a
prosperous and safe society, while we challenge socio-economic problems such as
depopulation and aging of society, shrinking economic resources, advanced technology,
environmental awareness and climate change, dense and decentralized urbanization,
and so forth. Specifically, the three research divisions — “Urban Safety and Disaster
Mitigation™, “Environment Informatics™, and ““Social Infrastructure Management —
form the core of the “new” ICUS, with their activities in these fields intended to fulfill
the objectives of ““promotion of advanced research,” “construction of networks,”” and
“information collection and dissemination™, as they take the above-mentioned socio-
economic problems into account.

On March 11, 2011, a gigantic earthquake (officially named "The 2011 Tohoku
region Off-Pacific Ocean earthquake™) with moment magnitude (Mw) 9.0 occurred in
the Tohoku (North-East) region of Japan. This largest earthquake in Japanese history
generated a very huge tsunami with the highest run-up elevation reaching over 40
meters, which killed approximately 18,600 people and injured over 6,100 people. Over
400 thousand buildings and infrastructures, including nuclear power plants, were
totally collapsed or heavily damaged due to the tsunami, fires, and ground motion. Due
to the loss of emergency back-up power of the cooling systems in the nuclear reactor,
the Fukushima | Nuclear Power Plant was also damaged severely, causing a large
amount of radiation to leak out. Because of the accident, over 310 thousand people
living around the power plant were forced to leave their houses for evacuation, and still
have no choice but to keep living in refugee camps and temporal shelters. The total
monetary loss by the earthquake estimated by the government was 16.9 trillion yen;
nevertheless the indirect losses and damage due to the nuclear power accident were not
included.

Issues related with the response, recovery and reconstruction of the affected
areas are the typical purposes of the “new” ICUS. In order to fully realize the vision for
safer cities in Asia and the Pacific Rim regions, ICUS has annually co-organized



USMCA since 2002 with its partners in the Asian region. In 2012, ICUS jointly
organized the 11" USMCA in Ulaanbaatar, Mongolia, with the Mayor of Ulaanbaatar
City and the Mongolian University of Science and Technology (MUST), also supported
by the Office of the President of Mongolia, the National Security Council of Mongolia,
the Government of Ulaanbaatar City and the Foundation for the Promotion of
Industrial Science, Japan. The objectives of the symposium was to bring together
decision makers, practitioners and researchers involved in the field of urban safety to
share their expertise, knowledge and experience in tackling the critical issues for safer
cities in Asia and the Pacific Rim regions. It also provided an environment to create and
reinforce collaborative networks among experts in the fields relevant to urban safety.

During this two-day symposium, 62 papers in ten parallel sessions and 26
posters in poster session were presented with 5 papers by keynote speakers. Total
participants were 153 from 14 countries, including Mongolia, Australia, China,
Bangladesh, India, Indonesia, Japan, Korea, Nepal, Singapore, Sri Lanka, Thailand,
USA, and Vietnam. The symposium focused on diverse issues: disaster response and
recovery, risk assessment/prediction and early-warning, decision-making technologies,
planning and development of urban infrastructure systems, life-cycle management of
infrastructure systems, climate change mitigation and adaptation, development and
application of sustainable technologies, and application of geospatial technologies.

I would like to thank all the members of the Steering, Technical and Organizing
Committees, as well as the Symposium Secretariat for their hard work, time and effort
in putting this symposium together. | would also like to thank all our sponsors for their
generous support and contribution. Thanks are also due to those who have dedicated
themselves to the success of this symposium.

Kimiro MEGURO

Director of ICUS, IS, The University of Tokyo
(Co-Chairman of Organizing Committee, USMCA 2012)

Copyright and Reprint Permission:
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and research. Abstracting and indexing of the papers are permitted but acknowledgement
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of Mega Cities in Asia” and the authors of each specific paper. Written permission should be
obtained from the publishers prior to any other type of reproduction. Please contact:
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The University of Tokyo, Japan

Tel: +81-3-5452-6472
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The role of universities in urban safety
and security

Bayanduuren Damdinsuren®, Enebish Ninjgarav?

'professor, President of Mongolian University of Science and Technology(MUST), Mongolia
?Associate Professor, Vice director of School of Civil Engineering and Architecture, Mongoli
an University of Science and Technology (MUST)

ABSTRACT

Disasters an crimes are the threats. Urban security and urban crime and disasters affected to
urban areas are spatial entities that are inherently tied to the urban structure that has been
created in cities and are not philosophical phantoms that amorphously float above cities. The
urban environment encapsulates and defines the everyday lives of urban citizens. Megacity is
facing the challenges and therefore should be taken all possible cares for urban inhabitants
or must be provided urban security. Megacity security is essential issue most terrible things
are any kind of disasters and crime for them. To avoid damage which takes place from
disaster and crime or be affected to minimum damage megacity inhabitants necessary to
possess an adequate knowledge and previously trained to protection techniques and should be
done all possible measures against disaster and crime consequences. The education issue of
inhabitants against disasters and crime is the role of the universities for megacity security.
Universities should train people, include adequate disciplines in curriculum of university and
do research. Universities should prepare well educated and highly skilled specialists in this
concern, This is the contribution of universities in sustainable development of the nations or
safety and secure live of urban area people. This paper looks at different kind of disasters,
damage from them and the university role in megacity security.

Keywords: role, university, student, disaster, crime , urban ,citizen, urban safety, education,
megacity security
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Modeling and simulation of urban dynamics
for integration of urban service
infrastructures

Yoshifumi YASUOKA!, Kimiro MEGURO?, Akira MAEDA, Koichi HONMA,
Junich TOYOUCH, Takeshi MORI, Rika TAKEUCHI, Kotaro KATSUYAMA,
Kenji KANEKO and Hidenori KIMURA

yyasuoka@ iis.u-tokyo.ac.jp

!Center for Research and Development Strategy,

Japan Science and Technology Agency

“Director, Professor, ICUS, 11S, The University of Tokyo, Japan

ABSTRACT
In this presentation, we propose a strategy to establish an urban dynamics modeling and
simulation system to evaluate, predict, and efficiently manage the dynamics of the urban
service functions.

The Great East Japan Earthquake and the massive floods in Thailand revealed that urban
service systems collapsed due to a single disaster. The risk of damage from earthquakes and
floods is higher in cities with a higher concentration of people and functions in the world.
There is fear that not only instant disasters but also climate change represented by global
warming may heavily affect urban infrastructures in the medium and long terms. It is now
urgent to promote urban studies, including how to build a future urban system; how to
enhance the efficiency of urban service functions designed to deal with large-scale disasters,
an aging society with fewer children, and the coming low carbon society and recycling-
oriented society; and how to improve their robustness and resilience.

We propose a system to evaluate, predict, control, and manage those functions efficiently
especially by virtually modeling the service functions of the service infrastructure systems
essential to urban life, such as energy, water, transportation and logistics, and information
and communications. This proposal features the modeling of urban functions in a virtual
space (a cyber space) especially with the movements (dynamics) of people, goods, and land
use as the core of the modeling. The challenges to be addressed are as follows.
(i) Which part of the service functions should be measured and how? How should
the measured data be used (measurement and analysis of urban dynamics)?
(i) How should we model, predict, and evaluate service functions (modeling and
simulation of urban dynamics)?
(ili) How do we establish a system to manage and control service functions
(establishment of a basic system to integrate models in a virtual space [Urban
Dynamics Platform; UrDYP])?
(iv) How do we establish a spatiotemporal theory for urban dynamics analysis?
By addressing these challenges, we aim to establish a system to dynamically measure, model,
and control and manage urban service systems.

Urban research has a long history. The supply system of drinking water and industrial and
agricultural water has existed since ancient Greece and that of energy such as electricity and
gas significantly developed in the modern era. However, each service has separately and
independently developed because of their long histories, and they have not been integrated
into a system linked with one another. For example, in the Great East Japan Earthquake,
there was some confusion in infrastructure systems; trains being stopped while the electricity
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was being supplied and water being cut off because the electricity went out. Such confusion
caused the spread of the damage.

Taking energy supply as an example, urban energy is considered to be supplied with a
distributed energy system utilizing several power sources in the future. However, it is
essential to adopt a distributed integrated control system, such as a smart grid system to
efficiently use energy from various power sources. Many studies on smart grids have begun in
the world. As large-scale urban development is becoming increasingly harder with the
economic slowdown not only in Japan but also in the world, integral linkage among urban
service infrastructures will reduce the future burden.

This proposal aims to enhance the efficiency of urban service infrastructure functions and
improve their robustness and resilience focusing on the dynamics of people, goods, and land
use in cities. The methodologies of establishing new urban service systems proposed by this
challenge are expected to accelerate not only efforts to deal with the coming aging society
with fewer children but also efforts to achieve an energy-saving low-carbon city or a
recycling-oriented city to tackle climate change. In addition, it is also expected that resilient
cities will be built that are robust in the event of the large-scale disasters that are expected to
occur. It will be significant if these methodologies contribute to the development of new cities
not only in Asia but also in other countries in the world.

Keywords: urban dynamics, urban infrastructure, systems analysis, modeling, simulation
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Impacts of the Fukushima Daiichi NPS accident and
Japan’s long-term energy & environment policies

Yasuyoshi Ichihashi

Visiting Professor, International Center for Urban Safety Engineering,
Institute of Industrial Science,

The University of Tokyo

ABSTRACT
The 3,11 Tohoku Earthquake and Tsunami caused level 7 nuclear disaster at Fukushima Daiichi
Nuclear Power Station, and it brought most serious and complex challenge to Japan in the context

of considerations on future energy and environmental situations. The author reports about the
latest moves in Japan in regard to the government initiated policy reviews in the related areas.

1. 3.11 Earthquake & Tsunami

“Great East Japan Earthquake”

Earthquake I ._;»' 7
11 March 2011 (Fri), 14:46:23 JST ciy ) ! 3 gf IH"H@?*
Magnitude: 9 (Mw) Duration: about 6 min I f__r'r‘ 2 -1'*!"I‘-ﬁ1'u: i = I

Epicenter: 38.6°N 142.52°E
(about 130 km off the Oshika Peninsula)
Depth: about 24 km

Type: Plate Boundary in the areas of Japan
Trench ( North American Plate, Pacific Plate )

Epicentral Area: Length about 450 km,
Width about 200 km

Seismic Intensity: JMA degree 7 (in Northern |
Miyagi area ), quakes spread from Hokkaido to

Kyusyu

Tsunami - .
Max. Tide Height: 9.3 m ( Souma, Fukushima) %" !':EE

Upstream Height: 40.5m
Inland run: about 10 km ( in Sendai Area)
Sea Water invasion area: 561 km2
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Casualties & Situations that had to be dealt with

Death: 15,867 (over 90% by drowning, 65%

above age 60), Missing:2906, Injured: 6109

Wholly destroyed & half damaged houses &
buildings: more than 390,000

Electricity cut off: 8.91 mil. household

Water supply cut off: 1.8 mil. Household

Damaged Agricultural land: 23,600 ha

Damaged fishery vessel: 22,000

Evacuees: about 470,000 at peak

Direct damages: JP¥ 16-25 trillion

<Rescue Operations>

Police agency: total 307,500

Fire Defense Agency: 6,100

Marin Safety Agency: total 4413 vessels

total 1514 aircrafts

Defense Ministry: 100,000 at peak

Oversees Rescue teams: 28 countries, areas,
& int’l org. ; 128 countries & 33 int’l org
offered assistance; Operation “Tomodachi”

by U.S.Gov.

<Damages & Recovery of Infrastructures &

lifelines>

Transport: railway, road, port, air services
each had severe damages and gradually
recovered. ( In Tokyo, about 700,000 people
were not able to go home. )

Lifeline: electricity, gas, water supply, sewage,
telecommunication, broadcasting, oil refinery
etc. were damaged, and gradually recovered

Public buildings: about 6, 400 public schools
had damages, many waiting for reconstruction

Rivers, Agricultural facilities, Coastal & fishery

facilities: each had damages and many waits for
recovery

Immediate life assistance to the affected:
food 2.6 mil. meals, water 8 mil. bottles,

blanket 410,000 fuel 16.000 kl, medicine
240.000 boxes, etc.

<On-going process>
Recovery & Reconstruction Plans
Evacuees are still 340,000, hoping for going
home
Disposal of Debris: 24.9 mil. tons
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2. Fukushima Daiichi NPS Accident

©Of the 6 Units, 3 ( No.4, 5. 6) were not in
operation

eUnits No.1, 2, 3 were automatically stopped
immediately after earthquake. But supply of
outer power was cut off, emergency generators
could not continue supplying powers because
of earthquake & tsunami, and non-electric
cooling system also did not work.

®Eventually this led to melt-down of fuels at
all Units 1-3, and hydrogen gas exploded at
Unit 1 (3/12), at Unit 3 (3/14), and at Unit 2
(3/15). Hydrogen Explosion also occurred at
Unit 4 used fuel pool.

®©As a result, large amount of radioactive
material were released into the air, onto the
ground, and contaminated water used for
cooling the fuel was also leaked into the
seawater.

® The government ordered evacuation of
residents within 20 km radius area, and
sheltering within 20-30 km radius area.

®Thereafter tremendous amount of hard work
and a long process were necessary to stabilize
the fuel.

®Nine month later, in Dec. 2011, the gov’t
declared that cold shut down was achieved on
the site.

<Investigation Committees>

® The government established Investigation
Committee in June 2011, and the Committee
submitted its final report in July 2012,

® National Diet of Japan also established
Independent Investigation Commission on
Fukushima Nuclear Accident in December
2011, and the Commission submitted its final
report in July 2012.

®Both reports severely criticized TEPCO as
well as the government for the disability to
prevent level 7 nuclear accident. But both could
not identify how the radioactivity was released
in detail because of non-accessibility to the
reactors.

®All built-in safety measures were structured
on the proposition “ long-time all power loss is
impossible”, but it did take place. 6

Situations that had to be dealt with

®Care & assistance to evacuees (about 86,000)
from the designated evacuation area ( housing,
including temporary shelters, medical care,
schooling for children, guarded temporary visit to
the original residence, etc. )

®Monitoring of radiation. Contamination was wide
spread and monitoring posts & activities had to be
expanded largely.

®Ban on shipment of some vegetables and fishery
products, because of detected radiation. The
government introduced a new criteria for the
radioactive cesium in foodstuffs in April 2012.

®Insufficient supply of electricity, due to break
down of NPS & other power plants. TEPCO
carried out “ Planned Electricity Outage” in March
2011. The Government (METI minister) ordered
companies contracting more than 500w electricity
to cut 15% usage in 2011 summer.

®Decontamination. A special law to carry out
decontamination work was passed by the Diet.

It requires huge amount of financial resources.
@®Compensation for the economic & other damages
caused by nuclear accident. For this purpose, a bill
to establish Nuclear Damage Liability Facilitation
Fund was passed in the Diet. Temporary payment

has started, but total amount necessary is not known.
®Nationwide public views against restarting
operations of NPSs. NPSs are obligated to go
through maintenance programs after one year in
operation.  Accordingly, after Fukushima, all 54
NPSs stopped operations one by one, but because
of the local government’s oppositions, they were not
able to restart operations. After introducing stress
tests, the government decided to re-start two units at
Oi NPS in Shiga Pref. Since then tens of thousand
protesters started to gather in front of the Prime

Minister’s Office to make demonstrations.
®Separation of regulatory agency from nuclear

promotional ministry (MET]I). IAEA also
recommended separation. A new bill to create new
nuclear regulatory body was passed by the Diet in
June 2012. With this, a new independent Nuclear
Regulatory Commission is to be established to
replace previous Nuclear Safety Committee, and
previous Nuclear and Industrial Safety Agency
under METI will be re-organized to a new
independent Nuclear Regulatory Agency under the
Ministry of Environment. The new body is
expected to introduce new safety guidelines of the
NPSs.

7

Impacts of the Fukushima Daiichi NPS accident and Japan's

7

long-term energy & environment policies



October 2012, Ulaanbaatar, Mongolia

9
®A drastic change occurred in public views.
Publi inion Poll inet Offi
ublic Opinion Polls by Cabinet Office NHK Survey
Q: How do you think about nuclear power generation from now on ?
Same Q:
. . (In global warming
(After Qil shock) (After Three Mile & Chelnobyl) context) (After 3.11)
1976 1997 1999 2005 Dec. 2011
Better . .

Should increase 1.9%
develop 50% :?;trt:zzszosmvely 5% |Positively increase| 4% [Positively promote| 8% ’
more

- - . Maintain Current level 26.5%
Better 20% Better cautiously 14% _Cautlously 39% Cautiously 7%
labandon increase increase promote
Better not Maintain current Maintain current Should decrease 50-7%
Do not know| 35% |. 30% 27% 20%
increase more level level Should abolish all 20.3%
N . N N 070
Better decrease 9% lAbolish in the 19% Abolish in the 15%
future future
No answer 0.6%
Better stop
currently 2% |Abolish soon 2% |Abolish soon 2%
operating ones
Do not know 10% (Do not know 9% Do not know 8%
Negative became 70%
Note that before 3.11, negative views were minorities

® This made reviews of long-term energy policy inevitable.
10
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4. Impact on long-term energy policy

®Historical transitions of energy resource compaosition in Japan
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Transition in Power generation facilities capacity, year by year, by resources
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Trends in generated electricity, year by year, by resources

(100, million kWh)
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(1) Immediately after the war: hydro-power
(2) Reconstruction period (‘45-'62)
Coal as main
(3) High-speed growth period (‘62-’72)
Transition from coal to petroleum
(4) After 1t & 2n Qil Shock (“73-late’80s)
Weight on stable supply of resources,
alternative energy resource development,
and energy conservation measures
(5) Since ‘90s
Need to adapt to global warming situation;
“ nuclear renaissance”
Technology development such as solar panel
2002.6 “Basic Act on Energy Policy”
Principles introduced were:
- Stable supply
-adaptation to environmental requirements
-active use of market principles (deregulations)
(6) According to the Basic Act, the government
adopted Strategic Energy Plan in 2003, revised it
in 2007, and made the second revision in 2010
(current plan). (Revision is required every 3 yrs.)

(7) The 2010 Plan laid emphasis on CO2

emission reduction, and called for the

construction of 9 new or additional NPPs by

2020, and 14 or more NPPs by 2030. It was

packaged with over 30% CO2 reduction by 2030.
( See next graph)

However, after 3.11, such Plan became
obviously unsustainable, and the gov’t decided
that the Plan will be re-created from the scratch
by summer 2012, one year earlier than the
original timeline 2013.

15

® Following was the picture drawn in the 2010 Strategic Energy Plan

Balance of power generation Ref.
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(8)Regarding the use of nuclear energy,
Atomic Energy Basic Law was enacted in
1955, and Japan Atomic  Energy
Commission (JAEC, for policies) was
created, and later in ’78, Nuclear Safety
Commission (NSC, for regulation) were
separated. (NSC is to be replaced by NRC
from now on.)

AEC developed Long-term Basic
Program for Development and Utilization of
Nuclear Energy 9 times (approx. in every 5
years) since then, and in 2005, Framework
for Nuclear Energy Policy was decided by
the Cabinet.

(9) The 2005 Framework was to be
reviewed after 5 years, and in 2010, AEC
set up a New Nuclear Policy Planning
Council.

However, after 3.11, consideration was
suspended until summer 2012, due to
change of the situation.

(10) Thus, 3.11 has impacted all-round Japan’s

@)

(b)

©

energy and environment policies &
necessitated reviews.

Advisory Committee on Energy and Natural
Resources (Fundamental Issues
Subcommittee), under Natural Resources and
Energy Agency, METI, is to review
alternative policy options for the current
“Basic Energy Plan”

AEC, under Cabinet Office, is to review
alternative policy options for the new
“Framework for Nuclear Energy Policy”
Central Environmental Council, under
Ministry of Environment, is to review
alternative policy options for measures
against global warming

(d) The Energy & Environment Council (EEC or

“Ene-kan”) , set up in 2011 by the Cabinet
Office, National Policy Unit, is to integrate
these, and create “Innovative Strateqy for
Energy and Environment”.

17

5. Process of the Review

© In July 2012, National Policy Unit of the Cabinet Office announced 3 options of the future energy
composition in order to gather public views on them. Review process was scheduled as follows.
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6 Three Scenarios

® Following are three options as announced by National Policy Unit.
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7 Other Issues

© Decommissioning of Fukushima Daiichi NPS reactors. How? Development
of technology required. Long time also needed. Huge money necessary.

® Also how to deal with decommissioning of other NPS reactors which
reaches 40 years operating time limitation?

© How to deal with Japan’s long standing government policy of nuclear fuel
recycling, including FBRs & pluthermal?

® Final disposal of the nuclear waste is also an unsettled issue.

© How to deal with existing power supply regime? Currently regional 10
electricity companies maintains regional monopoly of power generation,
transmission and distribution. Is this system to be changed and deregulated
more? Can separation of transmission bring competition with PPSs (Power
Producer & Supplier, and be effective in supplying low-cost, stable powers?

© Higher electricity price is envisaged for both household & industry. And it
may bring about more business/manufacturing companies escaping out of
the country, decreasing domestic employment & worsening deflations. A

vigorous new growth strategy is also needed. .

8 Latest Development

© On 4 Sep., Results of National Discussions were shown at Energy
& Environment Council.

(examples)

.. NHKOpinion Public Public hearing  Deliberarive Polling
2030 Scinario ooy (ag) comments sessions (early Aug)

support 0% 36% 87% 68% 47%
support 15% 39% 1% 11% 15%
support 20-25% 15% 8% 16% 13%

Others 10% 4% 5% 25%

24
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© Summary of the National Discussion ( by National Policy Unit)

- Majority of the public are sharing broad direction toward a society away from
dependency on nuclear power generation.

( Support for Zero scenario + 15% scenario was 70-80%)
- About the time-frame & realizability of NPP non-dependency,

About half of the public hold certain concerns. Public does not yet have fixt view on
“non-dependency by when”

- Reasons of high support for immediate zero, or large-scale demonstrations against
restarting NPP, should be seen in the context of non-confidence on the Government

after 3.11, and concerns on NPPs.
® On 4 Sep., METI Minister reported about the challenges ahead in creating NPP non-
dependency situation at EEC ( Ene-kan).

- Tighter electricity supply/demand— Increase of electricity Price
(example: impact for household )( except single household)
2010 J¥16,900/month — 2030 max ¥32,243/month

- Large requirement for new investment on renewable power generation ( estimated
¥50 trillion required in 28 years )

( see next graph)
- Issues of final disposal of fuel
- Others
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© Feed-in Tariffs for Renewable Energy has just started as of 1

July 2012.
Prices of Renewable Energy during July 2012 - March 2013
=10kwW <10kw
Solar Price ¥42 ¥42
Duration 20 years 10 years
=20kW <20kwW
Wind Price ¥23.10 ¥57.75
Duration 20years 20 years
=1000kW  =200kwW <
B <30,000kW  1,000kW e S
Price ¥25.20 ¥30.45 ¥35.70
Duration 20 years 20 years 20 years
215,000kW < 15,000kW
Geothermal Price ¥27.30 ¥42
Duration 15 years 15 years
. Sewage
Biomass from Forest . Sludgeg& Construction
sewage sludge L Whole Timber g
. . Thinnings Municipal Waste
Biomas & animals Waste
Price ¥40.95 ¥33.60 ¥25.20 ¥17.85 ¥13.65
Duration 20 years 20 years 20 years 20 years 20 years

28

©On 14 Sept. the government decided upon “Innovative Strategy
for Energy and Environment”, at the Energy & Environment
Council (“Ene-kan”) meeting.

-to aim at zero NPS operation in 2030’s

-3 principles: (1) 40 years operation limit for NPS to be strictly
observed. (2) No new NPS construction. (3) Among existing
NPSs, only those on which security is confirmed by new standard
will be permitted to re-start.

-Nuclear fuel recycling will be continued. Researches & work on
ways of direct disposal of spent fuel & disposal location will be
immediately started. Aomori will not be final disposal location.

-"Monjyu” (prototype FBR) will finish its work within limited
time-frame. (prototype - research only)

29
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-Power generation by renewable resources will be 3 times more
in2030 than in2010. 20% less greenhouse gas emission in’30
than in 1990. “ Green Policy Framework” will be decided by the
end of the year, including countermeasures against global
warming.

-Power sector system reform plan will be made by the end of the
year.

-Review from time to time.

©Later, on 19 Sept., the Government aimed to make a cabinet
decision on the Innovative Strategy on Energy and Environment.
However, due to oppositions from elsewhere, it could only decide
to further examine the new strategy, making the Innovative
Strategy as merely a reference.

© There are lots of domestic & international criticism on the new
direction and the way the government handled the issue.

(Economic impact, Contradictions/dilemmas of zero NPS
operations vs. continuation of recycling policies, accumulation of
plutonium, and so on.)

© Meanwhile, elections of political party’s presidency were held
in both DP and LDP. In DP, PM Noda supported the government
policy directions but 3 other candidates asserted earlier zero
operation. In LDP, all 5 candidates asserted no hasty decision.

® It is anticipated that the issue may become a focal issue in the
forthcoming general election.

© Meanwhile, on 2 Oct., Atomic Energy Commission decided to
stop working on new “Framework for Nuclear Energy Policy”,
due to the Innovative Strategy on Energy and Environment,
which required reviews on the way AEC operates, adding more

confusions to the situation.
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9 Conclusion
® 3.11 Earthquake/Tsunami and Fukushima Daiichi Disaster brought

most serious challenge to Japan. Japan is at a crossroad toward
the nation’s future.

® Currently overall direction seems to be heading toward
decreasing dependency on nuclear energy, eventually making
it zero. But many questions still remain: How and in what pace?
Does Japan really abandon all the industrial, technological and
human resources base for the nuclear power generation in the
country? How can Japan accommodate international
requirements (CO2 emission, plutonium accumulation,
developing countries’ power needs, etc.

® Japan’ forthcoming decision will no doubt have a far-reaching
impact globally in the world-wide context of energy and
environment. 3
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Estimation of seismic risk
for central Ulaanbaatar
using building stock inventory

lu. Berzhinskii', L Berzhinskaia?, O. Salandaeva®, D Kiselev*,
S. Demberel, T. Erdenetuya’, D. Tulga®, G. Tatkov’
ABSTRACT

The seismic hazard in Ulaanbaatar City territory is related both to ground shaking from
distant major earthquakes and active faults in the immediate vicinity of the city that are able
to generate M 8.0 earthquakes. The design seismic intensity in the central part of the city is
estimated at 7 to 8 on the MMSK-86 scale. In the last decade, the population of Ulaanbaatar
city increased from 620 to 1,200 thousand inhabitants. There is a wide variety of modern
housing developments. Besides precast concrete panel apartment buildings that were
constructed in 1970-1990, the tower blocks are being built under the Japanese, Chinese and
South-Korean homebuilder’s projects. However, a half of the city population lives in yurts.
Existing buildings inventory involved also the instrumental studies of dynamic characteristics
of buildings at the micro-dynamic effect level, thus providing a possibility to estimate
stiffness and strength. The accepted classification of buildings follows the Russian Seismic
Intensity Scale standard MMSK-86 based on the notion of class of buildings according to the
level of their seismic resistance. According to the level of seismic resistance, all residential
buildings in Ulaanbaatar city may be divided into two major classes: C6 and C7. There is
definite probability that some old buildings do not meet the requirements specified for class
C6. A traditional national housing — well-built yurts —can be assigned to class C7. Seismic
risk has been estimated using the model described in [Larionov et al., 2003]. The model was
used to estimate economic risk for buildings of different types taking into account the
buildings inventory data. The level of impact on population has been estimated through
individual and collective risks. The value of seismic risk equal to 1x10° (1/year) was
considered as acceptable one. Two scenario seismic events have been considered: earthquakes
with intensity 7-8 according to the MMSK-86 scale. The results of computations have shown
that an individual seismic risk considerably exceeds the accepted level. The value of seismic
risk equal to 1x107 (1/year) was considered as acceptable one. Two scenario seismic events
have been considered: earthquakes with intensity 7-8 according to the MMSK-86 scale. The
results of computations have shown that an individual seismic risk considerably exceeds the
accepted level. In case of an intensity 7 earthquake it is equal to 1x10, and for an intensity 8
quake the level increases to 5x10™ (1/year); a relative economic damage has been
respectively estimated as 8% and 45%.

Larionov V., Frolova N. 2003. Peculiarities of seismic vulnerability estimations. In book:
Natural Hazards in Russia, volume 6: Natural Risks Assessment and Management, Publishing
House “Kruk”, Moscow, pp.120-131.
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Importance of maintenance to utilize existing
structures

Taketo UOMOTO
Chief Executive,
Public Works Research Institute

ABSTRACT

Many structures are being built in various parts of the world. To use these
structures for long period of time, maintenance is one of the most important things.
Usually, these structures can be used for more than hundred years, but due to
deterioration, accidents, etc., some of the structures must be repaired within 50
years. This paper clarifies the causes of the deterioration and shows examples
how to prevent the deterioration and how to deal with the problem after they are
deteriorated.

1. INTRODUCTION

Japan experienced a rapid economic growth in the period of 1960 to 1990. More
than 100million cubic meters of concrete were used to construct the structures
such as buildings, bridges, tunnels, dams, roads, railways, etc. to support the
activities of Japanese people. As a result, large stock of these infrastructures is
reaching 50 years of service, and due to deterioration of the structures,
maintenance of these structures has become a major interest among the owners
and the civil engineers. In Japan, many different types of hazards attack every
year on these structures, such as earthquakes, tsunamis, typhoons, etc. It is
extremely important to prevent the structures collapse due to these hazards.

On March 11, 14:46, 2011, the massive3 “Great East Japan Earthquake” hit the
country of Japan just off the Pacific coast. The magnitude of the earthquake was
reported as 9.0, and shook Japan from Hokkaido to Nagoya City. The disaster
was tremendous compared to Hanshin-Awaji Great Earthquake which took place
in January 17, 1995. A large difference can be seen in not only the vibration of
the ground caused by the earthquake, but the tsunami and nuclear power plant
accident. Such earthquake disasters are occurring quite frequently compared to
other countries. The data shows that the earthquake energy occurring in Japan is
more than 10% of the whole earth.

On the other hand, population of Japan is estimated to reduce rapidly from now on
because of fewer babies in a family (approximately 1.2 children per family) than
needed to sustain the present population. Although high technologies have been
developed in recent years, it is sure that fewer engineers will have to take care of
this huge amount of structures from now on, which has never experienced in the
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past. Due to reduction in the economical growth, the budget for both construction
and maintenance will be reduced in the future.
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Figure 1 Percentage of different ages in Japan

Considering these situations, the maintenance of existing structures in Japan must
be done with the following conditions: 1) rapidly increasing amount of existing
structures reaching the age of 50 years, 2) less amount of engineers to maintain
the structures, 3) less amount of budget to maintain the structures. Although
there are many hazards in each country, concrete structures are expected to be safe
for long period of time. These structures may deteriorate by many causes
including chemical reactions, physical loads, etc., as time passes by.

If the structure is deteriorated before the hazards, the structure may easily collapse
and it would be difficult to maintain the safety of the people. In order to keep the
safety of urban area, it is important to study and investigate not only on hazards
but also on durability aspects of existing structures. Even a small amount of
concrete spalling may cause large scale traffic accidents as we experienced in
Sanyo-Shinkansen in 1999. Considering these situations now, this paper explains
what is happening now in Japan and how we are dealing with the problems
through research and engineering.

2. GENERAL MAINTENANCE METHODS USDED TILL NOW

The maintenance of concrete structures has been done mostly by the owners of the
structures. In case of public structures, the ministries, etc. maintain the structure
after the structures are completed. For the time being, the methods for the
maintenance differ according to the owners of the structures. Although there are
some differences, the main concept of the maintenance can be summarized as
follows:

1. Periodic inspection and evaluation of deterioration degree

2. Detailed inspection and decision making

3. Repairing and strengthening of deteriorated structures

For periodic inspections, the inspectors inspect the structures visually, sometimes
with the help of binoculars and hammers, once a year or once in several years
according to the importance and time after the structure is completed. The
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inspectors are mostly trained engineers with experiences. The detailed inspection
is done when the estimated degree of deterioration exceeds certain limit, or when
some new phenomenon is found during the periodic inspection. The detailed
inspection is done by visual inspections with the aid of non-destructive tests or
taking core samples out from the inspected structure. The purpose of the
inspection is to decide the cause of the deterioration and also to evaluate whether
repair and/or strengthening is needed or not.

To repair or strengthen the existing structures, it is important to design and select
sufficient methods and materials. The most popular repair method for corrosion
of steel bars due to carbonation is to eliminate the carbonated concrete and replace
it by new concrete and apply coatings with and without FRP sheets. But in case of
steel corrosion due to chlorides from the surrounding environment, the high
chloride concentrated portions of concrete are taken out, anti-corrosive treatment
is applied to the surface of the bar, and polymer cement mortar is generally used
to repair the concrete before coating the concrete surface.

Figure 2 Deteriorated wharf due to chloride corrosion (Photo by Ema Kato)
3. STANDARD SPECIFICATION OF JSCE

After the investigations of many deteriorated concrete structures, the importance
of durability was fully recognized by the civil engineers. To deal with the
problem, not only JSCE, AlJ, and JCI have been recommending methods to deal
with the problems but also the Ministries, and other authorities started to propose
practical counter measures to cope with the situation. As a result, a large amount
of researches has been done related to the durability of concrete structures
including non-destructive inspection methods.

Among these authorities, the Concrete Committee of JSCE, the leading committee
in the field of concrete in Japan, has published the translated version of “Standard
Specifications for Concrete Structures-2002” in English to deal with the problems
of durability. A new version of the Standard Specification was published in the
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year 2007 in Japanese (JSCE, 2007a, 2007b and 2007c). The concept written in
the specifications will surely be adopted by other institutions. (These standard
specifications can be down loaded directly from the home page of JSCE:
http://www.jsce.or.jp/committee/concrete/e/index.html)

The main proposals of the “Standard Specifications 2007 are the following two
items:

1) Propose a new method to design and construct new concrete structures
that can be used for specified lifetime without large amount of
maintenance cost.

2) Propose an effective and economical system to maintain existing
concrete structures with small number of engineers and workers.

The concepts of the new Standard Specifications are briefly explained in the
following chapters.

3.1 DURABILITY DESIGN OF CONCRETE STRUCTURES FOR NEW
STRUCTURES

Performance-based durability design was introduced to “Standard Specification of
Concrete Structures” by the Concrete Committee of JSCE in the year 2000 and be
translated to English version in 2005 (JSCE, 2005c). Although durability of
concrete structures was considered important in the previous specifications,
performance-based design method was not used. The previous specifications
described the importance of durability by proposing that the concrete structures
are durable for a long time when specified materials, mixes, covers, etc. are used.
But these specifications did not mention about the duration of service time, etc.

The proposed performance-based new durability design can be summarized as
follows:

1. The concrete structure must be quantitatively checked whether the
structure possesses required performance within the designed period.

2. The degree of deterioration of the structure in service for a specified
cause must be specified.

3. To maintain the structure above the specified degree of deterioration,
the required performance must be specified.

To examine the performance on durability, a kind of limit state design scheme
was introduced for the durability of concrete structures. The equation can be
written as shown in Equation (1):

A
’ Aim <1.0 (1)

where, Aqis designed performance of the structure at specified time considering
the specified deterioration cause, Ajin is limit of the performance of the structure,
and y; is coefficient of the structure considering the importance, etc.

Generally, performance of concrete has to be verified to satisfy the required
performance. Not only resistances against deterioration but also mechanism
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properties of concrete have to be verified as shown below.

Compressive strength

Carbonation rate

Diffusion coefficient of chloride ions in concrete
Dynamic modulus of elasticity

Resistance to chemical attack

Resistance to alkali aggregate reaction
Coefficient of water permeability of concrete
Fire resistance

. Adiabatic temperature rise

10. Drying shrinkage characteristics

11. Setting characteristic

©CoNoO~WNE

The Figure 3 shows an example of the calculated result for minimum cover
thickness to prevent carbonation induced corrosion at different years of service for
OPC concrete and BFSC concrete. As shown in the figure, the cover thickness
required changes according to the type of cement to be used, water-cement ratio
of concrete, years of service and exposed condition (wet or dry) of the structure to
be constructed. When the structure is designed for long period of time, the cover
thickness may become too large, and it is recommended to use other
countermeasures such as Epoxy-coated bars.
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Figure 3: Calculated results of concrete cover according to JSCE Standard
Specification

3.2 METHODS OF MAINTENANCE PROPOSED BYJSCE

The methods used in the new Standard Specification are basically the same as the
conventional method. The differences are that the new method requires
maintaining the structure within their required performances throughout their
service life. Firstly, the listed below issues have to be clearly specified.

1. To maintain a structure, performances required for the structure must
be clearly defined.

2. The performances required for general structures are “safety”,
“serviceability”, “hazards to the public”, “aesthetics and landscape”
and “durability”.

And the basic principles of maintenance works are as follows:
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1. Structures must be maintained according to a designated maintenance
category by formulating a maintenance program to retain the performance
within the specified tolerances throughout their service life. And maintenance
system includes adequate “initial inspection”, “deterioration prediction”,
“inspection”, “assessment/judgment”, “remedial action”, and “record”.

2. To maintain a structure, in addition to the assessment and evaluation at the
time of inspection, assessment and evaluation must be made throughout the
service life of the structure based on prediction of deterioration.

3. To predict the deterioration, required performances of the structure must be
clearly defined, and also the design service life must be made clear.

4. The records on design, construction, initial inspection, deterioration
prediction, periodical inspection, assessment and/or evaluation, and remedial
actions must be kept throughout the service life.

In detail, for an example, the standard method for chloride induced deterioration
recommends the model to predict chloride ion diffusion, progress of steel
corrosion, and correction of the prediction. Also the methods of initial inspection,
routine inspection, periodic inspection, and detailed inspection as well evaluation
and judgment method are also discussed. Finally, for recommendation remedial
measures, information on measurements of both repair or strengthening also has
to be recorded.

One of the difficulties is how to predict the degree of deterioration at the end of
their service life. There are several researches being done to predict the
deterioration in numerical manner. In the published Standard, several numerical
prediction methods are introduced as references for structures suffering cyclic
fatigue loads, carbonation induced corrosion and chloride induced corrosion. In
case of cyclic fatigue, S-N curves are used to predict the service life. In case of
carbonation induced and chloride induced corrosion of steel bars, diffusion
equations for carbon dioxide and chloride are used to predict the degree of
corrosion. Using these prediction methods, deterioration degree can be estimated
to certain degree. (See Figure 4) But for other deterioration problems, which has
not been studied numerically, a quantitative model has not been proposed yet. To
deal with the problem, a qualitative method, namely *“Grading method”, is
introduced in the Standard.
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Figure 4: Quantitative prediction of corrosion in marine environment
with cracks (Tsukahara et al., 2000)
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4. PROBLEMS IN ACTUAL EXISTING STRUCTURES

One example of the problem is as follows: When a civil engineer is asked by the
owner to check the safety of an old existing structure, one of the largest problems
is that there are neither drawings nor construction records of the structure
available. No problem may occur in case of important facilities, which is
maintained with great care. But in case of normal structures, the owners do not
know the importance of these documents.
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Figure 5: Re-designed reinforced concrete pier of a bridge (Okazaki, 2005)

To deal with the problem, NDI is not enough. Fortunately, our structures are not
too old, and they are mostly designed and constructed by the method specified by
JSCE, AlJ or other associations. Considering these, the only way is to re-design
the structure again using the methodologies used at the time of construction.
Figure 4 shows an example of re-designed bridge pier constructed about 35 years
ago. From the figure, it is much easier for a civil engineer to check the safety of
the structure under several hazards. It will become more important for the owners
and engineers to keep these documents throughout the service life of a structure.

5. CONCLUDING REMARKS

Engineering is not always complete, and further research works are needed. To
sustain existing structures, durability of the structure is important. One good
method is to construct durable structures, but for the existing structures
maintenance is the only way to deal with the problem. Although concrete
committee of JSCE has set up a good system for maintenance of existing concrete
structures, there are still many things to be done: not only researches but also
education to the students and engineers about durability and maintenance. | hope
this paper may become a help to the concrete engineers of the world who are
trying to design, construct and maintain concrete structures.
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ABSTRACT

Uncontrolled urban development invariably causes increase of flood risk and damages to the
catchments. The increases in impervious covers and channelization are the key elements that cause
increases in flood peak and volume, and reduction in base flow. Flood-plain encroachment, ground
subsidence, and poor maintenance of drainage facilities also contribute to the flooding problems.
The impact of these land-use related factors on the changes in flood characteristics are presented.
Interest in mitigating the adverse impacts on water and land through innovative storm-water
management approaches, such as the Low Impact Development (LID), are gaining broader
acceptance worldwide. The approach emphasizes the conservation of natural systems and mimic
the pre-development hydrologic function of a site, and thus reducing the flood peak and enhancing
the base-flow. A similar approach- named as ABC (Active, Beautiful, and Clean) program, was
introduced in Singapore, relying on the natural systems to detain, retain and treat storm-water on-
site. Typical features include pervious pavement, green roofs, rainwater harvesting, rain gardens
and green walls, vegetated and bio-retention swales and basins, and wetlands. Examples of
LID/ABC practices in the U.S. and Singapore are presented. These practices have the benefits of
achieving flood control, water augmentation and improvement to storm-water quality in a more
sustainable manner.

Keywords: urban flooding, impervious covers, channelization, flood-plain encroachment, ground
subsidence, LID (Low Impact Development), ABC (Active, Beautiful, and Clean), water
augmentation, water quality
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ABSTRACT

This research focuses on an alternative approach to flood control by combining
centralized water retention systems with distributed onsite control using
infiltration and facilities. The flood control requirements in upstream, midstream
and downstream areas for an urban catchment in Tokyo were analyzed for
different return periods. Various combinations of centralized flood control
measures, notably the storage systems and onsite infiltration facilities were
assessed that could meet the flood control demands. Then the least construction
cost combinations of facilities meeting these requirements were identified. While
the local government can implement the centralized control measures, the
distributed implementation requires the consent and willingness of the residents of
the catchment. This was assessed using a controlled household survey that also
analyzed the effect of awareness building on increasing the willingness to
participate. The study identified that implementing least cost solutions that meet
both physical and societal constraints is possible if residents can be better
informed of the environmental benefits of infiltration systems.

Keywords: urban flood control, public involvement, infiltration systems, least cost
solutions, environment sustainability

1. INTRODUCTION

Urbanization adversely affect water cycle due to changes to hydrological
processes. Concrete houses, building, pavement roads and other infrastructures
have been built and constructed, which change natural land surface to impervious
areas. Loss of natural retention areas and expansion of impermeable area cause
increase the surface runoff volumes as peak discharges and constraint for natural
infiltration to the ground (Hearth & Musiake, 1994). This phenomenon result in
decreasing groundwater recharge leading to low river base flow as well as
increase in surface runoff. When there is heavy rainfall, surface runoff increases
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rapidly causing floods and inundations occur in downstream areas. According to
Japan Sewage Works Association (2009), the rainfall intensity in urban areas of
Japan has been increasing noticeably. Comparing rainfall intensity in the last ten
years to those occurring last 30 years shows that rainfall intensity has been over
50mm per hour by a factor of 1.5, and this tendency exceed the planned scale and
capacity of drainage systems frequently.

Floods in urban area cause many problems for citizens and development activities.
Moderate and frequent urban floods cause inconveniences for daily commuting
to work, school, business, etc. Severe floods that significantly exceed drainage
capacities causes large economic losses to individuals, business and infrastructure,
etc. For example, in June 1999, Fukuoka suffered from a severe urban flood,
which took place in the center of the city and storm water flooded underground,
and repeated on July 19, 2003 (Herath, 2004). It is of great concern that these
trends would continue become more serious under climate change conditions
(Japan Sewage Works Association, 2009).

Flood countermeasures such as urban drainage and flood control have been
developed and improved with various regulations enforced in rapidly urbanizing
areas to deal with increased storm runoff (Herath and Musiake, 1994). Direct
flood countermeasures such as constructing storm water reservoirs, reinforcement
of existing drainage system, and enhancing pumping stations have been expanded.
However, these mitigation measures have constraints in field conditions due to
limited land to be installed and large amount of finance to be committed. On the
other hand, infiltration systems that consist of infiltration box, infiltration trench
and permeable pavement, which have been installed and attached with households,
building, and public roads have been utilized popularly and effectively to reduce
storm runoff as a distributed counter measure. However, there are limited studies
on the infiltration and storage systems for a whole watershed to control urban
flood considering the different measures for upstream, middle stream and
downstream. At the same time, there is an initiative to alter from the conventional
measures to combination of infiltration and storage system (Japan Sewage Works
Association, 2009).

The paper presents a case study of an urban catchment in the suburbs of Tokyo,
where a combined system of flood storage using centralized systems with
infiltration systems has been studied for optimum combination of the facilities in
terms of construction cost and feasibility of participatory implementation.

2. METHODOLOGY
2.1 Study overview

An urban catchment in Tokyo metropolitan areas is selected for the study. The
major components in the study are summarized as follows;
1. Analysis of food risk for different future return periods considering the
current drainage capacity at upstream, midstream and downstream
locations.
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2.Analysis of feasible combinations of centralized storage facilities and
decentralized infiltration systems to meet required flood reduction
capacities for different design rainfall events

3.Analysis of implementing least cost flood control facilities with
participatory flood management considering community willingness to
engage.

2.2 Analysis of flood risk

Flood risk of the study area is analyzed using a physically based semi-distributed
hydrological model. Similar Hydrologic Element Response (SHER) model that
has been developed and used for the design of infiltration systems in the past
(Herath, S, 1991, Herath et. al, 1992) was selected for the study. In applying the
model, a catchment is divided in to a number of Similar Hydrologic Response
Elements, based on soil type, depth to ground water and slope. The hydrologic
response of each
block is estimated
based on the land
cover, and using
gy r— surface routing,
Cmbenry. | subsurface  routing

| s and ground water
; A Sy S routing based on the
far s e ' Gkt saturated and
e 1 tneds 15 e - T unsaturated flow
0 equations. The

; — - . - delineation of
Figure 1. Schematic diagram of recharging and discharging blocks also employs

areas (Source: Nippon Koei Technical report, 2011) the concept of

recharging and
discharging areas as shown in figure 1. The current simulation has been carried
out with the In the Extend SHER version (Herath, 1999), which has components
such as rainfall block, surface flow and sub-surface flow block, evaporation block,
underground flow block and river modeling block that can be graphically
assembled to make the catchment simulation model. Setting of the model for a
particular sub-catchment is shown in figure 2.

After setting up the model for the target catchment, calibration and validation,
flood simulations are carried out for 1:10, 1:30 and 1:50 return period design
rainfall events. The peak centered design rainfall pattern is given by,

r=b/T+a

where r: rainfall intensity (mm/h) and T: time (min). For Tokyo area the
equations take the following form,

= 10 years return period: r=1500/T**+4.5
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= 30 years return period: r=1800/T**+4.5

= 50 years return period: r=1900/T**+4.5

Figure 2. Setting up SHER-Extend model for a subcatchment
2.2 Feasible facility installation and cost estimation

In order to assess the feasible combination of flood control facilities, at first, all
locations that can be used to install centralized storage facilities along the river as
well as all locations that can be used to install onsite infiltration facilities in are
identified from the detailed GIS of the catchment area. Then several sets of
simulations are carried out to assess hydrological response of the study site under
different combinations of storage and infiltration systems under selected design
storms at upstream, midstream and downstream locations of the catchment.

2.3 Constructing Cost of Infiltration and Storage Facilities

In order to select the best combination with minimum construction cost, actual
costs incurred in previous construction projects are used as average cost in this
study. The construction costs for 2007 based on cost of different facilities in field
installations are assumed to b valid for current too. The construction costs used in
the study are shown in Table 1.

Table 1: Constructing cost of different types of facilities

Type of Facilities Size (m) Unit Total Constructing Cost
Infiltration box 0.35*0.6 1 67,600 JP Yen
Infiltration trench 0.55*%0.6*0.2 | Im 29,900 JP Yen
Underground storage | 1*1*1 1m’ 110,000 JP Yen

2.3 Assessment of participatory flood control management feasibility

While the centralized underground storage facilities can be installed by the local
government in the public spaces identified in section 2.2, the infiltration facility
installation at each individual house require residents willingness to install the
infiltration facilities and maintain them. In this study we were interested in the
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following 2 aspects of residents willingness to be engaged in the flood control
using onsite facilities.

1. What percentage of residents are willing to install infiltration systems at
their houses and their distribution in the upstream, midstream and
downstream areas?

2. How can raising residents’ awareness on environmental benefits of
infiltration systems modify this willingness?

In order to address these issues, two sets of survey questionnaire were prepared.
The questionnaires are identical except that one questionnaire has brochures and a
CD as outlined in Table 2. The CD contains a movie clip which describe
comprehensively about the change of water cycle due to urbanization, urban flood
and the benefits of installing the infiltration facilities for reducing urban flood
risks and improving groundwater table. The purpose of distributing two sets of
questionnaires was to investigate whether promoting people’s awareness of
infiltration facilities affect on their decision to install the facilities.

Table 2: List of materials attached with questionnaire

Attached Stuffs Without CD | With CD
Cover letter v v
Questionnaire v v
Infiltration and subsidy program v v
Information about Infiltration facilities v
Subsidy calculation v v
CD documentary v

The questionnaire was designed in two parts to collect information as outlined
below;
Part 1: General information about respondents (gender, age, members of
household) and Information about experiences with inundation (depth, duration,
economic loss in overall)
Part 2:
Section A: For respondents who have known infiltration facilities

* For respondents who already installed the facilities

* For respondents who have not installed the facilities yet
Section B: For respondents who have not known infiltration facilities

* Reasons of installing the facilities

* Reasons of not installing the facilities

3. RESULTS
3.1 Study area

Figure 3 shows a map of Yato watershed, located in the Tokyo Metropolitan area,
which was selected as the study site. There are four types of soil in Yato
watershed, namely; Kanto loam, Alluvial lowland, Kazusa group, and Shimosa
layer group. Most of the catchment is covered by Kanto loam, which is volcanic
ash and appropriate for installation of infiltration facilities due to very high soil
conductivity. The land use is categorized in to 15 types as forest, rice field,

Centralized and decentralized urban flood control measures under physical and societal constraints 37



October 2012, Ulaanbaatar, Mongolia

farming area, semi-developed area,
unoccupied area, industrial area, residential
area, commercial area, road, green space,
public space, river, and others. Infiltration
facilities are currently installed in some
parts of the catchment as a result of local
government initiative for installation of
infiltration systems supported by a subsidy
program.

3.1 Flood risk assessment

Prior to flood risk assessment it is necessary
to check the accuracy of the modeling in a
model validation process. The catchment
was delineated to 4 sub catchments,
according to the availability of observation
data for simulation as shown in figure 4.
The year 2009 rainfall and discharge
records were used for the validation. The
Nash-Sutcliffe coefficient(E) described by

the

equation
below was used to assess modeling efficiency.
The closer E is to 1, the higher the model
efficiency in modeling the catchment response
to a given rainfall input.

ub-catchment No.4

tchment|No.3

b-catchment No.2

Where E: model efficiency coefficient tchment No.1

Q,: observed discharge
Qm: modeled discharge

Figure 4. Sub-catchments and
SHER blocks wused in the
According to Table 3, the model performs well  simulation

for both hourly and 10 min interval modeling,

but modeling efficiency is higher for 10

minutes interval simulation than hourly interval simulation. This is consistent with
the performance expected from a physically based model such as SHER model at

higher temporal and spatial resolutions inputs.

Table 3: Accuracy of the modeling

Model Sub-catchment | Sub-catchment | Sub-catchment | Sub-catchment
efficiency | No. 4 No. 3 No. 2 No. 1
E (Hourly) | 0.82 0.83 0.83 0.74
E (10 min) | 0.848 0.95 0.93 0.957
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After model validation the current drainage capacity of the study area for different
design rainfall events has been assessed at each of the sub catchments. Figure 5
shows the river flows for different design rainfalls compared with current
drainage capacity of the catchment

1:50 —>
1:30 ——
1:10 — 5

zainage capacity

22

Figure 5. Flood discharge at different design rainfalls at sub catchment 4

3.2 Performance of flood control facilities installation costs

Flood control plans were developed to reduce the river flows to the drainage
capacity level by the combined installation of infiltration and storage facilities.
Obviously, infiltration trench and box are utilized as infiltration facilities. Table 4
shows characteristics of the infiltration facilities, such as types of infiltration
facilities, dimension, infiltration capacity, and storage of infiltration facilities. In
this study, residential areas, public facility areas, green areas, and roads are
considered as feasible areas for installing the infiltration and storage facilities.

Table 4: Characteristics of infiltration facilities

Tvoe of Dimen- Saturated | Infiltration Facilities
ype ot . Type of Hydraulic | Infiltration | Void ratio | Storage
Infiltration | sions of . .. ) 3
Facilit Facilit Soil Conductivity | capacity/ (m”)
y y (Ko, cm/s) | unit (m’/s)
Width: Kanto 0.00275 | 0.0000899
0.55m, loam
Infiltration | Height: | Alluvial 0.001 | 0.0000327
0.4 0.132
trench 0.6m lowland
Shimosa 0.00055 | 0.000018
Kazusa 0.001 | 0.000032
Width: Kanto 0.00275 | 0.0000933
0.65m, loam
Infiltration | Height: | Alluvial 0.001 | 0.0000327 0.47 0.139
box 0.7m lowland
Shimosa 0.00055 | 0.000018
Kazusa 0.001 | 0.000032
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Table 5: Area of Land Use Types for
Installing Infiltration Facilities

Total single houses (Unit) 4000
Complex building area (m”) | 298917
Unoccupied area (m”) 153551
Road (m") 391325
Green space (m°) 413283
Public facilities (m”) 199131

Residential areas consist of single
house and housing complexes. For
single house land use type two units of
infiltration box are installed, and for
the rest of land use types, 500 meters
length of trench can be installed in one
hectare as per the guide lines adopted
by Association for Rainwater Storage
and Infiltration Facilities. The landuse
types available for installation of
infiltration facilities are given in Table
5.

The amount of storage or
infiltration facilities that need to
be installed so that the drainage
capacity at a particular location
along the river is not exceeded
can be estimated by numerical
simulation. ~ The infiltration
facility performance in flood
control is estimated by the
methodology outlined by Herath
(1994). A given flood control
objective can be achieved by
various levels of combination of
storage and infiltration facilities
as shown in figure 6, where each
point corresponds to the storage
volume and infiltration capacity
required to achieve drainage
capacity of at sub catchment 4
outlet, for 1:10 year return
period rainfall in the top figure
for 1:50 year return period
rainfall in the bottom figure.
While 1:10 year design rainfall
can be accommodated
completely by either storage or
infiltration facilities, it can be

Storage Facilty Cost

('million Yen)

Storage Facilty Cost
(million Yen)

& 4000

E {Combined Facilites for 10 Years

> 3000 Return Period at No. 4

Q

S 2000

S

o 1000

S o0 .
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Total Infiltration Capacity (m3/s)

& 6000 . —
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©

o
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O

(5]
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o
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Total Infiltration Capacity (m3/s)
Figure 6. Feasible combinations of
storage and infiltration facilities to
achieve target flood control levels.

Total Cost of Combined Facilities for 1:10
Years at No. 4

800
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400 =¢—Cost of each
200 facility
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0 500 .. 1000
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(million Yen)

Total Cost of Combined Facilities for 1:50
Years at No. 4
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Total Cost of Infiltration Facility
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Figure 7. Installation cost of each type of facilities

as well as total cost.
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seen that 1:50 year event cannot be managed by infiltration facilities alone, even if
maximum possible amount of infiltration facilities are installed.

Next the installation costs for each of the above configuration can be estimated
from the values given in table 1. Figure 7 shows the total cost for infiltration and
storage facility combinations according to the combined systems shown in figure
6. The least cost combination of facilities are summarized in table 6.

3.2 Survey results for participatory management

In order to engage the community in flood control and managing the water cycle
through the installation of infiltration facilities the local government provides a
subsidy for infiltration facility installation. Two infiltration boxes are
recommended to be installed in each single house, and the local government
covers 80% of total cost. Thus, for each single house the residents need to bear
20% of total cost which is about 30,000 Japanese Yen. To understand the
willingness of the residents

to participate in the Tgble 6. Optimum level of infiltration facilities to
programme  a .household have least cost facility combination

Survey was carried out by [ Catchment No. 1:10yr | 1:30yr | 1:50 yr
distributing 1000 "gyb catchment4 | 20% | 20% | 20%
questionnaires among the guphcatchment3 | 20% | 20% | 20%
4000 single houses in the ['gy i catchment2 | 20% | 20% | 30%

Yato  watershed. 173 g catchment 1 | 20% | 20% | 30%
questlonnalres WeEre

returned by Post, which is
17.3% of total questionnaires distributed. The figure 8 shows that at the current

without additional information with additional information

through CD through CD
80.7 .
100.0% % 100.0% 629
80.0% 80.0% %
60.0% - 37.1
60.0% 193 0%
: 40.0% -
40.0% % Yo
20.0% 20.0% -
0.0% t 0.0% -
No Yes No Yes

Figure 8. Willingness to install infiltration facilities according to survey results

level of awareness only about 19% of those responded were willing to participate
in the programme. However, if the community can be made aware of the
environmental benefits of infiltration systems, as was done through the CD
distributed with the questionnaire, this number increased to 37%.
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4. DISCUSSION AND CONCLUSIONS

The simulation study shows that least cost flood control systems for different parts
of the catchment consist of having about 20-30% of flood volumes over the
current drainage capacity taken by infiltration systems and the rest by centralized
storage facilities. The survey of catchment residents on their willingness to
participate in infiltration facility installation shows that in order to achieve this
level of infiltration facility installation, the awareness of the residents on the
environmental benefits of infiltration system installation need to be raised. While
centralized storage facilities provide protection against river floods, infiltration
facilities are effective in reducing surface floods. At the same time, centralized
systems are more reliable in terms of long term maintenance of control and
adjustments to suit changing rainfall and catchment conditions. Based on these
considerations, it is recommended to provide a degree of redundancy in the flood
control system by introducing additional protection by having 30-40% of excess
reduction by infiltration systems and having about 70-80% protection from
centralized storage systems.
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ABSTRACT

From June to September 2011, heavy precipitation in Thailand led to flooding in
the Chao Phraya River Basin. The floodwaters moved slowly south from the
northern part of the country, eventually submerging the areas surrounding
Bangkok and threatening the city itself by the end of October. Due to the
ambiguity of the flooding progress, people invariably searched for information
regarding the disaster so that they could better understand the developing
situation and make decisions or preparations regarding whether to evacuate their
homes or businesses. However, both Thai and foreigners alike experienced
difficulties when it came to collecting accurate and up-to-date information on the
flooding, such asincorrect or conflicting reports, false rumors, a lack of English-
language updates, congestion in information networks such as hotlines, and so
forth. In order to improve the dissemination of information after future flood
disasters, a survey was conducted to understand how people residing in Thailand
at the time of the flood collected their disaster information. This paper presents a
summary of their responses and compares the results of Thai nationals with those
of foreigners residing in Thailand in order to better understand the disaster
information needs of each group.

Keywords: 2011 Thai flood, disaster information, foreigners, social media,
traditional media

1. INTRODUCTION

From June to September 2011, the precipitation on the Indochina Peninsula was
1.2 to 1.8 times higher than average, with observed increases in Thailand of 134%
in Chiang Ma and 140% in Bangkok. In addition, heavy rainfall continued over
the Chao Phraya River basin into October. This heavy rain caused landslides and
flash floods in the northern part of Thailand in August before starting to move
slowly southwards (Figure 1, left). By mid- to late September, the inundation area
had grown as dikes were destroyed in Nakhon Sawan and Chinart Provinces, and
in early October floodwaters submerged several industrial complexes in
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Ayutthaya Province. At the end of October, two flows of floodwater reached
Bangkok, caused by overflow in the upstream Chao Phraya River which
overtopped the King's Dike and by direct overflow from the Chao Phraya River
where it runs along the Bangkok metropolitan area (Figure 1, right). Following the
flooding of Don Muang Airport, 15 kilometers north of the city center, a
temporary embankment was constructed north of the city and proper drainage of
floodwaters into the Chao Phraya River began as the water level went down.
Southward expansion of the floodwaters was finaly halted at Bang Sue canal,
about five kilometers north of the city center, in mid-November, and flooding of
the city was prevented.

1
Faw ik =
=

Figure 1: Flooding progress and estimated inundation areas in the Chao Phraya
river basin (left) and Bangkok metropolitan area (right)

Unlike an earthquake or tsunami, the Thai flood lasted for severa months, slowly
progressing southwards from the northern part of the country. People were thus
highly reliant upon disaster information in order to keep abreast of the flood’'s
progress and to make decisions such as preparations for their home, the
purchasing of supplies, whether to evacuate or not, and so forth. However, similar
to the case of the 2011 earthquake, tsunami, and nuclear crisis in Japan (Kawasaki
et a., 2011; Henry et a., 2011), people encountered many difficulties in obtaining
the information they required. In the case of the 2011 Thai flood, some difficulties
may have arisen from the inability to forecast how the flood would progress,
leading to conflicting reports or false rumors about the predicted flooding level or
path. Foreigners faced problems with obtaining information in a language which
they understood. Other issues included congestion of information networks such
as government hotlines or alack of awareness of support systems.

With the increasing potentia for devastating rainfall and flooding caused by
changes to the global climate, it isimportant to prepare social response systems to
mitigate the effects of future disasters. In order to improve disaster information
dissemination after possible future floods in Thailand, a survey investigation on
disaster information collection was carried out after the 2011 Thai flood. This
investigation had three objectives: first, to clarify the disaster information
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collection behavior and information-related difficulties of people living in
Thailand at the time of the flood; second, to develop proposals for improving
disaster information dissemination after future disasters; and third, to examine the
differences in information collection behavior and difficulties between different
disaster events and countries by comparing the results of the investigation in
Thailand with a previous investigation conducted after the 2011 Tohoku
Earthquake in Japan. This paper takes the first step towards these objectives by
summarizing and discussing disaster information collection behavior considering
the differences between Thai nationals and foreigners.

2. SURVEY METHODOLOGY

Data on disaster information collection behavior and information-related
difficulties were collected using a survey. This survey was provided in three
languages (Thai, Japanese, and English), and the contents were designed to clarify
respondents dSituation of flooding and evacuation, information collection
activities, information difficulties, and demographics (Table 1). The survey was
distributed viatwo methods: first, requests for participation in an online version of
the survey were distributed through social and professional contacts and through
direct contact with entities such as embassies; and second, a paper-based version
of the survey was used to collect responses directly from people in the field. The
online survey ran from March 12 to July 23, 2012, and the field survey ran from
April 2to 17 and from May 9 to 20, 2012.

Table 1: Survey questions

Theme Questions
Flooding & < Which of the following statements best describes your experience
evacuation and response during the 2011 flooding?

«» What information sources did you trust the most / the least during
the 2011 flooding?*

Information « During the 2011 flooding, which media did you use to acquire

collection information and in what language?*

« What types of information were most important for your decision to

evacuate or not evacuate?*

* In general, what were the reasons why the above information was
unclear or difficult to understand?*

« Were you aware that the public Thai PBS TV channel provided a
special English news program on the flood every weekday night from
October to December?

+ Were you aware of the flood evacuation center for foreigners in

Bangkok’'s Bang Na district?

Information
difficulties

Demographics | < Nationality, region of residence, gender, age, occupation

* These questions allowed for multiple responses

3. SAMPLE CHARACTERISTICS

3.1 Demographics
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The survey received 975 responses representing 29 countries (Table 2). People
from Thailland made up 78.5% of the total number of respondents. Among
foreigners, Japanese made up the largest percentage with 38.6%, with respondents
from India, Nepal, Bangladesh, and Vietnam totaling 29.0% and foreigners from
other countries making up the remaining 32.4%. A majority of the represented
countries received fewer than 10 respondents.

Table 2: Distribution of respondents by country of origin

Category Countries % of total % of foreign
(no. countries) (no. respondents) respondents | respondents
More t(q‘)"” 100 Thailand (765) 78.5%

50 t(‘i)loo Japan (81) 8.3% 38.6%

10to 50 India (22), Nepal (15), o o

(4) Bangladesh (13), Vietnam (11) 6.3% 29.0%

Pakistan, The Philippines (9);
Myanmar (8); Indonesia (6);
Malaysia (4); Cambodia, France,
Less than 10 Sri Lanka, UK, USA (3); China,

(23) Laos, Mongolia, Nigeria (2);
Afghanistan, Australia, Austria,
Bhutan, Canada, Denmark,
Ethiopa, Niger, Vanuatu (1)

7.0% 32.4%

When asked what region of Thailand they were residing in before the flooding,
36.2% of Thai and 38.1% of foreigners responded that they were living in
Bangkok and 43.1% of Tha and 56.2% of foreigners responded that they were
living in the provinces in the Greater Bangkok region (Nakhon Pathom,
Nonthaburi, Pathum Thani, Samut Prakan, and Samut Sakhon). The remaining
20.7% and 5.7% of Tha and foreigners, respectively, were residing in other
regions of Thailand.

Among Thai respondents, 42.0% identified themselves as male and 56.7% as
female, with 1.3% preferring not to answer. In contrast, 66.7% of foreigners
identified themselves as male compared to just 32.9% as femae and 0.5%
preferring not to answer. The age distribution was more similar between Thai and
foreign respondents, as shown in Figure 2, although foreign respondents skewed
relatively younger, with 69.0% of respondents between 20 and 39 (compared to
58.0% for Thai) and Thai respondents skewed relatively older, with 38.8% of
respondents aged 40 or higher (compared to 28.6% for foreigners). Respondents
who preferred not to answer made up 0.4% and 0.5% of Thai and foreign
respondents, respectively.

The distribution of respondents by occupation is given in Figure 3. For Thai
respondents, a variety of occupations were represented, with the most working for
foreign companies (28.5%), followed by Tha company employees (14.8%),
students (14.5%), and freelance or self-owned businesses (11.0%). Conversely,
the occupation held by the largest number of foreigners was “student” at 46.7%,
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with foreign company employee in a distant second at 18.1% and foreign
educational institution employee at 13.3%.

| B Thai DForeigners|

Thai company employee
Foreign company employee
Thai government employee

Foreign government employee |
| ®Thai OForeigners | Thai military |
10-19 Thai educational institution _E
i Foreign educational institution i
20-29 u_\ Freelance/self-owned business E
30-39 Student ]
40-49 House maker
No occupation
50-59 Prefer not to answer
60 or higher Other
0% 10% 20% 30% 40% 50% 0% 10% 20% 30% 40% 50%
Figure 2: Distribution of Figure 3: Distribution of
respondents by age respondents by occupation

3.2 Situation of flooding and evacuation

Respondents could be classified into groups depending on whether their residence
was affected or not affected by flooding and whether they chose to evacuate or not
evacuate. The distribution of respondents based on these four situations is
summarized in Table 3. The percentage of respondents who were not affected by
flooding and did not evacuate was similar between Thai and foreigners at 28.5%
and 28.1%, respectively. The percentage was also similar for those who were
affected by flooding and chose to evacuate, with 37.1% of Thai respondents and
40.0% of foreign respondents in that situation. However, more foreigners (28.1%)
than Thal (6.9%) chose to evacuate even though their residence was not affected
by flooding; conversely, more Thai (27.5%) than foreigners (3.8%) chose not to
evacuate even though their residence was affected by flooding.

Table 3: Distribution of respondents considering flooding and evacuation

Respondent action

Did not evacuate Evacuated
® < Not affected Thai: 218 (28.5%) Thai: 53 (6.9%)
S 32 by flooding Foreigners: 59 (28.1%) Foreigners: 59 (28.1%)
o T
3 § Affected by Thai: 210 (27.5%) Thai: 284 (37.1%)
o flooding Foreigners: 8 (3.8%) Foreigners: 84 (40.0%)

4. SURVEY RESULTS

4.1 Disaster information sources
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Figure 4 shows the most- and least-trusted sources of disaster information. For
Thai respondents, the most trusted source was “Tha news sources,” with 44.7%
of respondents, followed by “family, friends, colleagues, etc.,” with 37.6%. This
order was reversed for foreign respondents, 43.3% of whom selected “family,
friends, colleagues, etc.” as their most-trusted source, followed by “Tha news
sources” at 40.0%. No other source was selected by more than 27% of
respondents (either Thai or foreigner) as most-trusted, and nine of the 14
information sources received less than 20% from both Thai and foreigners. Large
differences (albeit at low percentages) between Thai and foreigners could be seen
for “district & sub-district government,” which was chosen as most-trusted by
Tha respondents roughly five times more than by foreigners, and for
“international organization,” “foreign government,” “foreign news source,” and
“foreign research/academic institution,” which were chosen as most-trusted by
foreign respondents between two and eight times more than by Thai. On average,
Thal respondents selected 2.2 most-trusted sources, compared to 2.4 for foreigners.

| BThai BOForeigners | Most-trusted sources Least-trusted sources

Flood Relief Operation Center

National Thai government

Bangkok Metropolitan Admin.

Provincial government

District & sub-district gov.

Local leader ]

Thai news source

Thai research/academic inst.

International organization

Foreign government

Foreign news source ul

Foreign research/academic inst.

Family, friends, colleagues, etc.
Third party other than family, etc. -E| |

0% 15% 30% 45% 60% 0% 15% 30% 45% 60%
Figure 4: Most- and |east-trusted disaster information sources

A much more pronounced difference between Thai and foreign respondents could
be observed for least-trusted information sources. More than half (53.3%) of Thai
indicated that they distrusted the “Flood Relief Operation Center,” followed by
the “national Thai government,” which was selected by 37.4%. The next highest
least-trusted source for Thai was the “Bangkok Metropolitan Administration” at
just 19.2%; all other information sources were selected as least-trusted by fewer
than 15% of Thai respondents. For foreigners, the top least-trusted information
source was the “national Thai government” with 30.0% of respondents. The next
three least-trusted sources, the “Flood Relief Operation Center,” “Third party
other than family, friends, colleagues, etc.,” and the “Bangkok Metropolitan
Administration” all fell between 25% and 20% of respondents. The largest
difference between Thai and foreigners was seen for the “Flood Relief Operation
Center”: even though it was the second least-trusted source for foreigners, more
than twice as many Tha respondents (by percentage) indicated that they
distrusted that information source. Also, while the top two least-trusted sources
for foreigners were selected by between 24% and 30% of respondents, the top two
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for Tha respondents were selected by between 37% and 54%. However, on
average, foreign respondents indicated they had 2.0 least-trusted sources,
compared to 1.9 for Thal respondents.

4.2 Media & language for disaster information acquisition

The media and language utilized for acquiring disaster information is shown in
Figure 5. Thai respondents ailmost exclusively utilized Thai-language media, with
respondents on average utilizing 3.6 different media modes in Thai compared to
just 0.5 modes in English and less than 0.1 in other languages. “Television” was
used by 90.3% of Tha for acquiring disaster information, followed by “inter-
personal communication,” such as face-to-face and dial-in hotlines, and
“traditional internet media,” such as websites and information portals, at 49.5%
and 47.2%, respectively. The least-used media mode (in Thai), “direct
communication tools’ such as email, video chat, and instant messenger, was still
used by nearly 20% of the Thai respondents.

BThai Thai respondents Foreign respondents
OEnglish
OOther Television
Radio
Loudspeaker

Printed media
Inter-personal

Traditional internet media —|
Direct communication tools
Social media |

Crisis mapping

0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Figure 5: Utilized media and language for acquiring disaster information

Foreigners, on the other hand, utilized more languages but overall fewer media
modes, averaging just 2.7 modes per respondent for English and 0.9 and 0.8 for
Tha and other languages, respectively. English-language, internet-based media
modes were used the most by foreign respondents, with “traditional internet media”’
at 56.2%, “social media’ such as socia networking sites and blogs at 49.5%, and
“direct communication tools” at 35.7%. Roughly half of Thai respondents also
utilized “traditiona internet media’ (albeit in Thai), but usage of other internet-
based media modes in Thai among Thai respondents was less than the usage in
English among foreigners. The most-utilized non-English media mode for
foreigners was “television,” which only 32.4% of respondents reported they
watched in the Tha language, compared to the more than 90% of Thal
respondents who indicated they used Thai television. Foreigners also did not
utilize audio-only media modes such as “radio” or “loudspeakers’ as much as
Thai respondents, 35.7% and 23.5% of whom used these two modes in Thai,
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respectively, compared to just 9.5% and 4.3% in English among foreigners,
respectively.

4.3 Important disaster information for decision-making

Figure 6 summarizes the importance of disaster information types for decision-
making considering four different situations, which were introduced in Table 3. In
this case, the decision-making is defined as whether the respondent chose to
evacuate their residence or not, and this decision is examined depending on
whether their residence was affected or not affected by flooding.

| BThai OForeigner | No flooding - no evacuation No flooding - evacuation

Safety of family, friends, etc.
Security & safety of property

Current flood conditions & water levels —

Pred. flood progress & rain forecast
Response preparations & progress
Evacuation & shelters

Food & water supply

Public sanitation
Electricity & other utilities =

Transportation systems

Ll

School & business continuity

0% 20% 40% 60% 80% 0% 20% 40% 60% 80%

BThai OForeigner Flooding - no evacuation Flooding - evacuation

Safety of family, friends, etc. #

Security & safety of property E
Current flood conditions & water levels —

Pred. flood progress & rain forecast

Response preparations & progress
Evacuation & shelters

Food & water supply

Public sanitation

Electricity & other utilities

Transportation systems

e

School & business continuity

0% 20% 40% 60% 80% 0% 20% 40% 60% 80%

Figure 6: Importance of disaster information types for decision-making
depending on flooding and evacuation situation

For Tha respondents whose residences were not affected by flooding, 78.9%
indicated that they chose not to evacuate based on the “safety of family, friends,
etc.,” followed by “current flood conditions & water levels’ a 54.6% and
“security & safety of property” at 49.1%. However, for foreign respondents whose
residences were not affected by flooding, the top reason for choosing not to
evacuate was “current flood conditions & water levels’ at 74.6%, followed by
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“food & water supply” at 55.9% and “predicted flood progress & rain forecast”
and “electricity & other utilities,” both at 45.8%. In contrast to Thai respondents
in this situation, few foreign respondents — only 25.4% and 15.3% — said that
“safety of family, friends, etc.” and “security & safety of property,” respectively,
were important for their decision not to evacuate, but more foreigners (45.8%)
selected “predicted flood progress & rain forecast” as important than Thal
(22.0%). On average, however, both Thai and foreigners cited the same number
(4.0) of information types as important for their decision not to evacuate.

When looking at the situation where respondents chose to evacuate even though
their residence was not affected by flooding, 73.6% of Thai said that “safety of
family, friends, etc.” was important for their decision to evacuate. For foreigners,
the most-cited important information for deciding to evacuate was “current flood
conditions & water levels’ at 71.2% of respondents. The second and third most-
cited important information was, however, the same for both groups. “food &
water supply” at 50.9% and 69.5% and “ electricity & other utilities” at 49.1% and
55.9% for Thai and foreigners, respectively. Similar to the case in which ther
residence was not affected by the flooding and they chose not to evacuate, fewer
foreigners selected “safety of family, friends, etc.” than Thai respondents, but the
percentage was higher for the situation in which they evacuated (55.9%) than in
the situation in which they did not evacuate. Again, the average number of
selected important information types per respondent was similar for Thai (4.3) and
foreigners (4.6).

In the situation where residences were affected by flooding and the respondents
chose not to evacuate, it should be noted that the number of foreign respondents
was only eight, compared to 210 Tha respondents in the same situation.
Therefore, due to the small sample size for foreigners, it’s difficult to compare
their important information with Thai respondents. For Thai respondents, however,
76.2% cited “safety of family, friends, etc.” as important for their decision not to
evacuate, followed by “current flood conditions & water levels’ at 56.7% and
“security & safety of property” at 50.5%. On average, Thai respondents in this
situation selected 4.0 important information types.

Finally, for Thai whose residences were affected by flooding and they chose to
evacuate, “safety of family, friends, etc.” was cited the most by respondents, at
69.4%, as important for their decision to evacuate. For foreigners, however,
“current flood conditions & water levels’ was the most-cited important
information at 69.0%. Conversely, the second most-cited reason for foreigners
was “safety of family, friends, etc.” whereas for Tha respondents it was “current
flood conditions & water levels” Similar percentages of both Thai and foreign
respondents selected “food & water supply,” “security & safety of property,” and
“electricity & other utilities” as important for their decision to evacuate, and the
average number of important information types (3.9 and 4.0, respectively) was
also similar for Thai and foreignersin this situation.
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4.4 Problems related to disaster information acquisition

The reasons why respondents encountered difficulties related to information
acquisition are shown in Figure 7. For both Thai and foreign respondents,
“confused by conflicting or differing information” was the most cited reason at
64.6% and 71.4%, respectively. “Misled or confused by rumors and/or
exaggerated or false information” was the second most-cited reason for both
groups, with 60.9% of Thai respondents and 59.5% of foreigners indicating they
encountered this problem. Large differences between Tha and foreigners could be
seen for “couldn’t understand information due to lack of language comprehension,”
which was selected by around half of the foreign respondents but just over 10% of
Thai. Conversely, 32.3% of Tha respondents reported that they were “unable to
access information due to mobile congestion, power outage, etc.,” compared to
just 5.2% of foreign respondents. Only 2.1% of Thai and 4.3% of foreigners
indicated that they “did not have issues with unclear or difficult to understand
information,” with Thai respondents citing 2.0 problems and foreigners citing 2.3
problems related to disaster information acquisition, on average.

| B Thai DForeigners|

Unable to access information due to
mobile congestion, power outage, etc.

Unable to find the information due to
difficulty in searching or locating it

Couldn’'t understand information due to
lack of language comprehension

Was misled or confused by rumors
and/or exaggerated or false

Was confused by conflicting or differing ‘#_‘
information
Did not have issues with unclear or
difficult to understand information
0% 20% 40% 60% 80%
Figure 7: Reasons for problems related to disaster information acquisition

4.5 Awareness of disaster support for foreigners

The survey asked respondents whether they were aware that the public Thai PBS
TV channel provided a special English news program on the flood and also if they
were aware of the flood evacuation center for foreigners in Bangkok’s Bang Na
district. The distribution of responses for foreigners for these questions is shown
in Figure 8. In both cases there was a lack of awareness of these disaster support
systems for foreigners, with 76% unaware of the English news program and 82%
unaware of the foreigner-specific evacuation center.
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Not applicable  Aware
11% 7%

Aware
24%

Unaware
76% Unaware

82%

Figure 8: Awareness of foreign respondents of the Thai PBS English news
program (left) and of the flood evacuation center for foreignersin (right)

5. DISCUSSION

Among the results summarized in this paper, several differences and similarities
in the disaster information gathering behavior and information difficulties of Thai
and foreigners could be observed.

First, there was a marked difference between Thai and foreigners regarding their
flooding and evacuation situation. While similar percentages of respondents chose
to not evacuate when their residence was not flooded and to evacuate when their
residence was flooded, a much higher percentage of foreigners chose to evacuate
even though their residence was not flooded and a much higher percentage of Thai
chose to not evacuate even though their residence was flooded. In this situation,
information on the current flood conditions and water levels was the most-cited
important information, followed by food and water supply, safety of family,
friends, etc., and electricity and other utilities, which were all cited by more than
half of the foreign respondents. These results suggest that foreigners made their
decision to evacuate, even though their residence was not currently being affected
by the flooding, on the belief that they would be affected and that their safety and
their needs for daily life would be threatened. Thai respondents whose residences
were aready being affected by the flooding and chose not to evacuate also cited
the same reasons, including the security and safety of property, as the most
important information for their decision not to evacuate even though their
residence was affected. This suggests that Thai respondents may have believed
that it was safer for them to remain at home or that they had sufficient supplies to
continue daily life even though they were affected by the flood.

The results of this survey also confirmed that conflicting or differing reports and
rumors, exaggerated, or false information were the main reasons for information
difficulties among both Thai and foreigners. As Tha respondents almost
exclusively utilized Thai-language media modes, and foreigners primarily used
English media modes (with limited usage of Thai and other languages), these
results suggest that the source of these difficulties was not caused by conflict
between different language media (asin, reports in English versus reportsin Thai),
but rather by the information sources. Both Thai and foreigners highly trusted
Thai news sources and family, friends and colleagues as information sources, but
highly distrusted the Flood Relief Operation Center and the national Thai
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government. Considering this stark distinction, these results may be interpreted as
that people found the information given to them by their trusted sources to be
most reflective of the situation they could observe for themselves, whereas the
information given to them by the least-trusted sources conflicted with what they
knew to be true, thus giving rise to the high citation of conflicting or differing
reports and rumors, exaggerated, or false information as the main causes of
information difficulties. High distrust in the national Thal government, however,
may also have been caused by the policies the government implemented in order
to prevent the flooding of Bangkok. These policies, which placed high priority on
protecting the Bangkok city center, led to the large scale, long-term flooding of
areas to the north of Bangkok. Analysis of the trust-worthiness of information
sources considering the area of residence, such as Bangkok versus greater
Bangkok area, may help to clarify thisissue.

Lack of language comprehension also highly contributed to information
difficulties for foreigners. English-language media were the main modes for
foreigners when acquiring disaster information, except for Tha language
television. As TV is primarily avisual medium, it’s understandable that foreigners
could utilize this media mode even without an understanding of the Thai language.
However, the percentage of respondents using Thai television was still relatively
low compared to the other media modes utilized in English such as traditional
internet and social media, and much lower the percentage of Thai respondents
who utilized Thai television. It was adso found that foreigners were largely
unaware of the English-language news program broadcast by the Thai PBS; if this
awareness had been higher there may have been a higher percentage of
respondents utilizing English television. This distinct lack of awareness extended
to other support systems for foreigners as well, but it is unclear at this time why
foreigners were unaware of these systems. Future analyses should consider how to
clarify why foreigners were unable to find out about these disaster support
systems and propose means for raising awareness.

In addition to the analyses proposed above, further analyses will also consider
differences in disaster information collection and information difficulties
considering income and education levels in order to explore differences which
may arise when examining a population with a wide diversity of wealth and
education.
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ABSTRACT

CSIRO has undertaken a research project to build a simplified daily river system
model of the entire Murray Darling Basin (MDB). The basin has been divided into
17 regions for the development of the daily simplified MDB river model
(SMDBRM). For each region, an individual model has been first built and then
they are integrated. The key features of SMDBRM are a series of conceptual
rainfall-runoff models for estimation of runoff contribution from gauged and
ungauged basins, simplified node-link networks incorporating all major flow
gauging stations for river flow routing, simplified approach for irrigation demand
estimation, river-floodplain and river-groundwater flux exchange and a platform
for integrating the 17 regional models using a CPU cluster for computational
efficiency. The regional models have been calibrated for the period of 1975-1999
using an auto-calibration approach and the models are validated for the period of
2000-2009. The paper introduces the SMDBRM with a brief overview of the
modelling framework and its development and presents key results from the
calibration and validation of the rainfall-runoff and river routing models in
different regions. The key advantages and current limitations of the model are
also discussed.

Keywords: all small character (except a proper noun)

1. INTRODUCTION

The Murray-Darling Basin (MDB) is the largest Australian river basin covering
an area of approximately 1 million km2. The transboundary river basin, shared by
four states and one territory, is Australia’s most important agriculture region
producing one third of Australia’s food supply (CSIRO, 2008). The MDB
Authority (MDBA) and various state water agencies are responsible for
management of water resources within the basin. Different organisations use
different river system models (such as IQQM by NSW and Queensland, REALM
by Victoria, MSM-BigMod by MDBA and South Australia) that are appropriate
for their modelling needs. Due to differences in modelling approaches and
simulation time steps, it is cumbersome to combine these individual models to run
together at a daily time step (Yang et al. 2012a). Predicted climate change impacts
(CSIRO 2008) and sustainable diversion limits analysis (MDBA 2009) across
MDB have highlighted the need for a whole of basin model that incorporates
various physical and management characteristics for planning and operational
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purposes. Addressing the need for a more streamlined model for various
applications, this project has aimed to develop a simplified daily river system
model with an auto-calibration procedure for the entire MDB, which has focused
around using a daily time step and implemented it using the eWater Source
integrated modelling software (Welsh et al. 2012). The auto-calibration
procedures allows calibration of the model in a consistent, transparent and
defensible manner applying best practice modelling principles (Black et al. 2011).
The paper introduces SMDBRM, its development, testing and implementation
with key results of calibration and validation for different modelling regions. The
advantages and current limitations of the model are also discussed.

2. MODELLING REGIONS

The entire MDB was divided into 18 contiguous regions in the Murray-Darling
Basin Sustainable Yields (MDBSY) Project (CSIRO 2008). These regions,
namely Paroo, Warrego, Condamine-Balonne, Moonie, Border Rivers, Gwydir,
Namoi, Macquarie-Castlereagh, Barwon-Darling, Lachlan, Murrumbidgee,
Murray, Ovens, Goulburn-Broken, Campaspe, Loddon-Avoca, Wimmera and
Eastern Mount Lofty Ranges, are primarily the drainage basins of the Murray and
the Darling rivers and their tributaries (Figure 1). SMDBRM includes all regions
except the Eastern Mount Lofty Ranges (EMLR) region in the far south west of
the MDB, which represents less than 1% of the total area of the Basin and does
not contribute significant water to the Murray River. An individual model was
first built for each region and then all 17 regional models were integrated.

Figure 1: Maps of different regions of the Murray-Darling Basin (CSIRO 2008)
3. MODEL DEVELOPMENT

The SMDBRM has been developed using the node-link modelling concept
employed in Source. In this modelling approach, a river system is schematised
into a simplified river network using a node-link structure. The river network
begins and ends with a node, and all nodes are interconnected by links. Runoff
from gauged or ungauged tributaries or local contributing areas between two
nodes is fed into the network as an inflow at the relevant location in the network.
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Links represent a length of stream, which can be zero for near coincident
processes, and are used for transfer of flow between two nodes with or without
routing and transformation. Nodes represent a physical location along a river
where flow either enters the system or is stored, extracted, lost or measured and
can be used for the application of management rules. A set of nodes has been
designed to represent functions of various physical and regulatory flow control
processes in a river network. The details of links and nodes and their
functionalities are elaborated in Welsh et al. (2012). The key components of
SMDBRM are: i) Node-link networks, ii) Rainfall-runoff modelling, iii) Stream
flow routing, iv) Irrigation demand modelling, v) Floodplain inundation
modelling, vi) River-Groundwater flux modelling, vii) Auto-calibration procedure,
viii) Reservoir operations and management rules and ix) Integration platform.

3.1 Node-link networks

The node-link network for each modelling region was set up based on the
available storages, flow gauging stations and well-defined hydrologic sub-
catchments in the MDBSY project (CSIRO 2008). It was aimed to incorporate all
major stream networks, storages, major irrigation, environmental and urban
demand and key resource indicator sites in Murray-Darling Basin. The hydrologic
sub-catchments, geographic locations of gauging locations and high resolution
remote sensing and aerial imagery (Google Earth Pro) were used to define the
nodes for calibration and validation, links for modelling river reaches and
contributing ungauged and gauged tributaries connecting to each modelling reach
including confluences and distributaries. At present, SMDBRM includes a total of
477 nodes for calibration and validation (Table 1).

Table 1: Summary of node-links for 17 modelling regions in the current version of SMDBRM
Modelling region No. of No. of | No. of major No. of No. of
nodes reaches storages confluences | distributaries
Paroo 3 3 0 0 0
Warrego 8 8 0 0 2
Condamine-Balonne 28 31 2 3 3
Moonie 2 2 0 0 0
Border 24 26 3 5 3
Gwydir 19 22 1 3 6
Namoi 21 24 4 5 2
Macquarie-Castlereagh 50 52 3 8 8
Barwon-Darling 22 24 0 11 3
Lachlan 48 50 2 10 11
Murrumbidgee 57 58 4 5 6
Ovens 9 10 2 4 0
Goulburn-Broken 20 21 3 15 4
Campaspe 8 9 3 1 3
Loddon-Avoca 35 36 3 13 3
Wimmera 18 19 2 3 2
Murray 105 106 14 20 19
Total 477 501 46 106 75

3.2 Rainfall-runoff modelling

Rainfall-runoff (RR) modelling was undertaken to fill gaps and extend observed
daily time series of gauged tributary inflow and to estimate the contribution of
ungauged catchments in modelling reaches using a suite of six conceptual daily
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RR models. The models are AWBM (Boughton, 2004), IHACRES (Croke et al.,
2006), Sacramento (Burnash et al., 1973), SIMHYD (Chiew et al., 2002),
SMARG (Vaze et al., 2004) and GR4J (Perrin et al., 2003), all of which have been
applied in numerous studies both within Australia and internationally. In the RR
model calibration, model parameters were optimised to maximise an objective
function that incorporates the Nash-Sutcliffe efficiency (NSE) of daily runoff
together with a constraint to ensure that the total modelled runoff over the
calibration period is within 5% of the total recorded runoff (Viney et al., 2009).
The model parameters are optimised using a global optimisation method (Shuffled
Complex Evolution, Duan et al., 1993) followed by a local optimisation method
(Rosenbrock, 1960). The best performed RR model is then incorporated in the
final river system model.

3.3 Stream flow routing approach

Lag and linear Muskingum routing approaches are used in river flow routing to
model travel time and attenuation. In the flow routing algorithm, river water (in-
bank flow) fills the dead storage in a reach prior to propagating through the reach
(Welsh et al., 2012).

3.4 Irrigation demand modelling

Two approaches have been used for estimation of irrigation water demands: i)
linear regression model and ii) crop-water demand model. In the first approach, a
set of linear regression models are established between the observed diversion and
estimated crop-water demand based on rainfall, actual evapotranspiration
estimated from MODIS and LANDSAT TM imagery (McVicar et al. 2011) and
actual irrigation area for different reaches (BRS 2006) with diversions for a
selected number of years with observed data. The established linear regression
models are used to estimate irrigation diversions for the period of calibration and
validation (Paydar & Pena Arancibia, 2012). This approach is currently
implemented in monthly scale due to the limitation of the temporal resolution of
the actual evapotranspiration derived from satellite imagery. In the second
approach, irrigation demand is estimated using a daily crop-water demand model
designed based on the concept of FAO-56 using reference evapotranspiration and
crop coefficients (Allen et al.1998).

3.5 Floodplain inundation modelling

For estimation of overbank flow from river to floodplain, an airborne scanning
laser altimetry (LIiDAR) digital elevation model (DEM) based rapid inundation
model (LiDAR-RIM) is developed, which allows quick assessment of flood
inundation area, volume, depth and duration for different flood events. Simulated
results for different flood events are used to establish river stage-flooded area-
flood volume (Hriv-Afp-Vfp) relationships for different modelling reaches. Zhang
et al. (2012) have presented the methodology and its performance in the
Murrumbidgee floodplain.

3.6 River — Groundwater interaction

A two-parameter monotonically increasing loss model is used to estimate flux loss
from river to groundwater in losing streams. The approach uses a function, Monod
equation, based on flow using the quantile-based approach. This is used to
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reproduce the essential shape and features of the river to groundwater loss
function, that is, a monotonically increasing function against flow based on the
upper and lower bounds of annual observed/estimated flux. The approach is
explained in Kim et al. (2012).

3.7 Auto-calibration procedure for river systems

An auto-calibration algorithm has been designed for calibration of SMDBRM.

The calibration procedure is a stage wise approach that automatically calibrates

routing and RR model parameters for river reaches (Fig. 2). The method is

elaborated in Hughes et al. (2012). The main steps of the method are summarised
below:

1. For a reach with ungauged headwater catchment, six RR models are used to
estimate the ungauged inflow from upstream (Qu/s). For any other reach in
the middle of the network, simulated flow from the upper reach is used;

2. Qu/s is adjusted for channel precipitation (P) and evaporation (E), which are
estimated using climate data, channel cross-section, reach length and stream
rating curves;

3. The estimated diversion (Qdv) by irrigation demand model is abstracted from
the adjusted upstream flow (step 2).

4. The resulting flow and gap-filled gauged tributary inflow (Qtrib) are routed
to the downstream gauge using lag and Muskingum routing with parameters
calibrated using a Monte Carlo simulation and three objective functions
(NSE, %bias and modified Index of Agreement). Observed data at
downstream of the reach (Qd/s) is used for calibration of the lag and routing
parameters;

5. Routed flow is adjusted for flux to groundwater (Qgw), estimated by the
groundwater loss model, and overbank flow to the floodplain (Qfp),
estimated using the established Hriv-Afp-Vfp relationships;

6. Each of six RR models is fitted to the residual of the routed flow and the
observed Qd/s using the area of contributing terrain and climate data to
estimate ungauged local runoff (Qug);

7. A loss/gain accounting function is derived to minimise bias by removing
remaining unaccounted losses and gains.

8. Reservoir operations and management rules are incorporated to the calibrated
regional models. The models are then recalibrated.

The auto-calibration approach can handle confluences and distributaries and it can

be run together for an entire river network (Hughes et al. 2012). The model for

each region is calibrated in three stages starting with the rainfall-runoff and river

routing, then, the other components (simplified irrigation demands, SW-GW

interactions, floodplain interactions and management rules) are added. This

approach was adopted primarily for two reasons: to overcome the limitation of

data for different components and to evaluate the performance of each modelling

component. The three stages of calibration were:

1) calibration of streamflow routing & RR modelling of runoff from ungauged
areas and assess unaccounted differences (steps: 1, 2, 4,6 & 7).

2) stage 1 + crop water demand model + floodplain model + River-Groundwater
model (steps: 1 to 7).

3) stage 2 + reservoir operations and management rules (all steps).
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Figure 2: Conceptualisation of a river reach in SMDBRM for calibration using auto-calibration

3.8 Reservoir operations and management rules

SMDBRM includes all the major storages located in different regions (refer to
Table 1). For calibration in stages 1 & 2, the simulated reservoir release is
overridden by the observed reservoir release. In stage 3, the reservoir release is
simulated based on the estimated irrigation demand and by introducing the
reservoir operations and management rules. Many of the complex management
rules are simplified before incorporating in SMDBRM and urban and
environmental demands are included as pre-determined time series or patterns.

3.9 Integration platform for regional models

An integration platform was developed to integrate the individual river system
models of the 17 regions using the command prompt version of Source. The
platform parallelises the individual model runs to optimise the computational time.
It includes a graphical user interface (GUI) and allows the integrated model to run
in a CPU cluster. The key features of the integration platform are: parallel
computing mechanism and daily feedback integration. Yang et al. (2012b) have
elaborated the the integration platform and its performance.

The observed daily flow data, river cross-sections and rating curves at different

gauging stations and reservoir storage levels for different regions were obtained

from the databases maintained by the following agencies.

e Water Monitoring Data Portal, Department of Environment and Resource
Management (DERM), Queensland (http://watermonitoring.derm.qld.gov.au)

e NSW Water Information (http://www.waterinfo.nsw.gov.au) and historic data
dvd “PINEENA V9.3”

e Victorian Water Resources Data Warehouse (http://www.vicwaterdata.net/)

e Live river data, Murray-Darling Basin Authority
(http://www.mdba.gov.au/water/live-river-data)
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Diversion, water allocation, reservoir characteristics data for NSW, Queensland
and Victoria were obtained from the State Water Corporation, the DERM and the
DSE, respectively. SILO gridded climate data (Jefferey 2001) was used for fitting
rainfall-runoff models. Data was available at 0.05° intervals, and was aggregated
by contributing area to each stream gauge. In this way an area weighted climate
file for each stream gauge was produced. These data were also used to gap-fill
and extend the period of incomplete flow data at the headwater catchments and
gauged tributaries. For consistency in calibration of the 17 regional models
representing climatic and hydrological variability with both low and high flows,
all the regional models were calibrated for the period of 1975-1999 (25 years).
The calibrated models were validated with the daily observed flow for the more
recent dry period of 2000-2009.

4. RESULTS

Figure 3 presents the summary statistics (of NSE and absolute bias in %) of stage
1 calibration and validation for all the regions except Murray. During the
calibration, the model has performed reasonably well in all regions in the northern
part of MDB (Paroo, Warrego, Condamine-Balonne, Moonie, Border, Gwydir,
Namoi, Macquarie-Castlereagh and Barwon-Darling) with median NSE above 0.7
for all except for Gwydir (0.66). The median bias is less than 10% for all northern
regions except for Moonie (12%). The performance of the model is less consistent
in the southern regions. The model has performed worst in the Campaspe region
with median NSE of less than 0.5 and median bias of above 40%. The median
bias is less than 10% for the rests of the southern regions and median NSE is 0.7
for all regions except for Loddon-Avoca (0.66). Overall, the NSE values show
highest variation in Gwydir, and Macquarie-Castlereagh regions of Northern
MDB and Murrumbidgee, Campaspe and Loddon-Avoca of the Southern MDB.

The validation statistics are less satisfactory for several regions of both northern
and southern MDB. In the northern regions, Paroo, Gwydir and Macquarie-
Castlereagh regions have median NSE of less than 0.7 with median NSE of
Macquarie-Castlereagh significantly lower than the other two. Median bias was
less than 20% for all northern regions with Moonie and Macquarie-Castlereagh
having median bias close to 20%, and the rests had median bias slightly above or
below 10%. In the southern regions, median NSE was above 0.7 for Ovens region
only. The model did not perform satisfactorily in the other regions having very
low median NSE for Campaspe, Loddon-Avoca and Wimmera regions. The
median bias was also very high for Wimmera region. For the rest, median bias
was close or below 20% with less than 10% for Ovens.

It is worth highlighting the performance of the model in Barwon-Darling region,
which is located downstream of 8 northern regions out of which seven regions
contribute flow to this region. Simulated flows from the seven upstream regions
were used as upstream boundary conditions at 13 inflow nodes in Barwon-Darling
model. The statistics in Figure 3 show that the model has performed consistently
well in Barwon-Darling region in both calibration and validation. This has clearly
demonstrated that the loss/gain accounting functions (step 7 of auto-calibration)
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minimise the propagation of error from upstream to downstream regions

significantly.
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Figure 3: Boxplots showing the summary statistics of stage 1 calibration and validation of all
nodes for different modelling regions: a) cal. NSE, b) cal. %bias, (c) val. NSE, d) val. %bias
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reaches of different modelling regions: a) cal. NSE, b) cal. %bias, (c) val. NSE, d) val. %bias
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The variation in the performance of the model in different regions is influenced by
several factors including irrigation diversion, overbank flow to floodplains, losses
to groundwater and regulatory structures controlling flow based on water sharing
and management rules. These components were not included in the stage 1
calibration and validation of the model. Figure 4 shows the summary of statistics
(of NSE and absolute bias in %) for the upper reaches of the river systems above
the floodplains with limited diversion in different regions (Paroo, Moonie,
Barwon-Darling and Wimmera are omitted). The results for these reaches are
significantly better for all regions for both calibration and validation periods.
Median NSE was above 0.7 and bias was less than 10% for all regions during the
calibration. During the validation period, the median NSE was above 0.6 for all
regions and bias was less than 20% for all regions except for Warrego and
Campaspe, which have median bias close to 30%. This results show that the
diversion, groundwater losses and floodplain models need to be incorporated in
the model calibration for the remaining reaches to improve the performance of the
model. This is also apparent from the summary statistics of calibration and
validation for the Ovens region (Table 2) with no diversion or, significant losses
to floodplain in the modelling reaches in this region, the model has performed
extremely well with NSE values above 0.8 for all gauges and bias was below 10%
for most of the gauges. The unaccounted differences were less than 10% for all
reaches except for the final reach. The low unaccounted differences demonstrate
that the RR model was able to estimate the ungauged contributions satisfactorily
for different reaches.

5. DISCUSSION

The results show that the model has performed well in stagel auto-calibration in
the upstream reaches of different regions (except in Murray, which is currently
being calibrated) with limited diversion and overbank flow to floodplains. Hughes
et al. 2012 have demonstrated that the auto-calibration approach can successfully
calibrate model reaches with confluences and distributaries. In the case of
distributaries, a split function is generated in the auto-calibration to estimate the
flow in the distributaries as a proportion of total flow. The key advantages of the
auto-calibration approach is that it is systematic, it explicitly accounts for different
processes and allows consistency in calibrations of reaches in different regions
across the whole MDB. That was not possible until now due to the differences in
the existing models built for different regions of MDB.

The calibration approach needs to incorporate irrigation demand model and Hriv-
Afp-Vip relationships for obtaining better and satisfactory performance of the
model in the lower reaches of different regions with high irrigation and losses to
floodplains. Paydar & Pena Arancibia (2012) have demonstrated that the
diversion can be well accounted for by the linear regression models established
for different reaches in the irrigation districts of southern regions at a monthly
scale. However, the approach does not work well in northern irrigation districts
with large on-farm storages. It is expected that the daily crop model currently
being built using FAO-56 concept will provide improved estimates of irrigation
diversions in both northern and southern irrigation districts at a daily scale. Zhang
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et al. 2012 have demonstrated that the LIDAR-RIM model can be effectively
utilized for establishing Hriv-Afp-Vfp relationships for different modelling
reaches in floodplains using LIDAR DEM. The methodology is currently being
revised to incorporate floodplain reaches without LIDAR DEM. It is expected that
with incorporation of daily crop model and Hriv-Afp-Vfp relationships for
reaches in floodplains in the auto-calibration approach, the performance of the
model will improve significantly in middle and lower reaches of different regions.

Yang et al. 2012b have shown that the run time of the integrated SMDBRM can

be significantly improved using the CPU cluster in the integration platform. In

addition, this approach of building SMDBRM with individual regional models

first and then, their integration using the integration platform has other benefits

such as:

e increase efficiency in development and implementation of the model at the
regional scale;

e implementation of the auto-calibration procedure at the regional scale to
overcome the complexity of optimisation of the whole system together; and

e the regional model can be implemented with different resource assessment
and ordering systems for water allocations in different regions.

Although the auto-calibration of individual reaches are performed using R script,
the node-link setup for different regions of SMDBRM are built in Source
environment and stage 1 calibrated parameters and loss/gain accounting functions
are transferred from R to Source. The simplified daily crop model and Hyi-Agp-Vip
relationships can be easily incorporated in Source using its expression editor
functionality. Presently no reservoir operations and management rules are
included in the model. These can be done after completing stage 2 calibration of
the model. Source includes functionalities for implementing complex reservoir
operations and management rules in different regions of MDB, which have been
rigorously tested in various trial applications (e.g., Dutta et al. 2012).

7. CONCLUSIONS

The paper has introduced the daily simplified river system model developed for
the entire MDB. The results of stage 1 calibration have demonstrated that the
model has performed well in upper reaches of regions where there are limited
diversion and floodplain interactions. It is expected that the performance of the
model will improve in lower reaches with diversion and floodplain losses after
incorporation of daily irrigation demand model and Hriv-Afp-Vfp in the stage 2
calibration of the model. The auto-calibration approach included in the model
allows systematic calibration in a consistent manner across the basin. The model
allows explicit accounting of different processes in each modelling reach and thus,
making the outputs transparent. The integration platform of the model allows to
optimise the run time of the model making it suitable for basin-wide applications
for various planning and management purposes.
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ABSTRACT

Stationary assumption of rainfall IDF curves is not valid under climate change
scenario. Objective of this study is to assess the change in IDF curves for
stormwater management in Kathmandu, Nepal under climate change scenario.
The study area was found to have very few short duration rainfall data, and hence
a simple scaling theory was applied for deriving the short duration rainfall
intensities from daily rainfall data. The scaling behavior of observation rainfall
intensities was examined and it was revealed that the statistical properties of
observation rainfall follow the assumption of simple scaling. We employed 20-km
daily global climate model (GCM) rainfall output of Meteorological Research
Institute (MRI), Japan for investigating the climate change impact. Using
regionalized quantile-quantile bias-corrected annual maximum rainfall data of
1979-2003 and 2075-2099 periods as present and future climate respectively,
potential climate change impacts on IDF curves were assessed. A total of six
different durations (1, 2, 3, 6, 12 and 24-hrs) for return periods of 2, 5, 10, 25, 50
and 100 years were analyzed for preparing the IDF curves. Comparison of IDF
curves for present and future climate indicated a significant increase in maximum
rainfall intensities which has major implications on planning and design of urban
stormwater drainage systems.

Keywords: Bias correction, climate change, rainfall IDF curves, simple scaling

1. INTRODUCTION

Rainfall intensity duration frequency (IDF) curves are important in design of
urban stormwater management infrastructures such as flood detention reservoirs,
sewer systems etc. Rainfall IDF curves provides the estimates of rainfall
intensities for different durations and return periods. Annual extreme rainfall
intensities corresponding to particular durations are fitted to empirical or
theoretical probability durations for preparing the rainfall IDF curves. One of the
basic assumptions in preparation of rainfall IDF curves is that historic extremes
will characterize the extremes of future rainfall. However, this assumption is not
valid under changing climatic scenario which will bring change in the magnitude
and frequency for extreme rainfall. Such changes in extreme rainfall pattern point
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out for new design and regulations in urban stormwater infrastructures
management. Stormwater management has been a major problem in urban areas
of Nepal especially in Kathmandu valley. Twenty-five per cent of households in
Kathmandu have been flooded due to inadequate drainage as storm water no
longer drains away as it used to and the technical systems put in place are not
sufficiently flexible to deal with a changing climate (IIED report, 2009).

Objective of this research is to assess climate change impact on rainfall IDF
curves in urban Kathmandu valley, Nepal. Assessment of climate change impact
on rainfall IDF curves includes the following major steps: (i) bias correction of
global climate model (GCM) rainfall projections for current and future climate
period; (ii) derivation of rainfall IDF relationships for short-duration rainfall from
daily rainfall data; and (iii) comparative analysis for rainfall IDF curves.

Climate change projections are widely used to assess likely changes in rainfall
pattern in future. Global climate models (GCM) are currently the most credible
tools available for simulating the response of the global climate system to
increasing greenhouse gas concentrations, and provide climatic variables such as
temperature, rainfall etc. These projections are available for current and future
climate. A very high resolution global climate model (GCM) rainfall projections
of Meteorological Research Institute (MRI), Japan has been employed for
assessing the climate change impact. MRI-GCM is a very high resolution
atmospheric model with 20 km spatial and daily temporal resolution (Kusunoki et
al., 2008).

Because of flaws in model structure and coarse resolution input, GCM outputs are
found to be largely biased when compared with observation data (Sperna Weiland
et al., 2010). Therefore, direct use of GCM outputs may not suitable for the
climate change impact assessment at basin level. Downscaling enables GCM
outputs to be used for local/basin scale climate change impact assessment. There
are several downscaling techniques available to transform GCM outputs to local
scale for reliable impact assessment (Coulibaly and Dibike, 2004; Hansen et al.,
2006). Downscaling techniques are broadly classified into dynamical and
statistical types. Dynamical downscaling technique converts GCM outputs into
local climate data by using a regional climate model (RCM). RCM enhances the
simulation of atmospheric circulations and climate variables at finer spatial scales.
Statistical downscaling techniques use models of correspondence between GCM
contemporary climate scenarios data and real world data. GCM projection climate
scenario data is used as input to correspondence models to predict the expected
future real world data. Fundamental assumption is that statistical relationship will
remain valid under future climate change scenario.

The statistical downscaling is much less computationally demanding as well as
simple than the dynamical downscaling. In many cases, the statistical downscaling
technique can provide similar or better accuracy than that of dynamical
downscaling (Murphy, 1998; Haylock et al., 2006). The most commonly used
statistical techniques are regression, stochastic weather generator, weather typing,
spatial disaggregation and bias correction. Among these techniques, regression,
stochastic weather generator and weather typing are used for transforming coarse
GCM output to observation locations. Disaggregation is employed for
transforming coarse GCM output to fine resolution output. Bias correction
techniques are employed for transforming GCM output to point as well as grid
cell scale.

68 New Technologies for Urban Safety of Mega Cities in Asia



ICUS Report 65

In this study, bias corrected daily GCM rainfall data for Upper Bagmati river
basin (U/S of Pandhero Dovan) was used for assessing climate change impact on
rainfall IDF curves in Kathmandu urban valley.

In this study, regionalized quantile-quantile bias corrected data has been used
(Mishra and Herath, 2011). In this technique, a GCM grid cell is linked to
neighboring observation stations data. We have proposed delineation of
homogeneous rainfall regions to link neighboring observation rainfall stations to a
GCM grid cell. Calibration and validation of regionalized quantile-quantile bias
correction technique was performed for 1979-1993 and 1994-2003 periods
respectively. Using bias-corrected data of 1979-2003 and 2075-2099 as current
and future climate respectively, climate change impact assessment on rainfall IDF
curves in Kathmandu valley has been made.

Establishment of IDF relationships goes back to the 1930’s (Bernard, 1932). Since
then, different forms of relationships have been constructed for several regions of
the world. Bell (1969) and Chen (1983) derived the IDF formulae for the United
States based on statistical analysis. Koutsoyiannis et al. (1998) proposed a new
generalizing approach to the formulation of IDF curves using efficient
parameterization. Sub-daily rainfall data of longer periods is rarely available,
which will be enough to prepare rainfall IDF curves, at most of the stations in
several developing countries including Nepal. Because daily rainfall data is the
most accessible and abundant source of rainfall information, it is natural to
develop and apply methods to derive the IDF characteristics for short durations
events from the daily rainfall statistics. The IDF formulae are empirical equations
representing a relationship among maximum rainfall intensity as dependent
variable and rainfall duration and frequency as independent variables. All forms
of the generalized rainfall IDF relationships assume that rainfall intensity is
inversely related to the duration of a storm raised to a power, or scale factor. Use
of scaling properties for deriving the IDF characteristics of sub-daily rainfall from
daily rainfall is largely popular. Menabde (1999) applied simple scaling theory to
describe rainfall IDF in Australia and South Africa. It was shown that the
cumulative distribution function for the annual maximum rainfall had a simple
scaling property over the range of 30 min to 24 hours and in some instances to 48
hours. Nhat et al. (2006) derived rainfall IDF relationships for short-duration
rainfall from daily rainfall in Yodo river basin, Japan. Bara et al. (2009) applied
the simple scaling theory to the intensity-duration-frequency (IDF) characteristics
of short duration rainfall in Slovakia. The IDF relationships, which were deduced
from daily rainfall, showed acceptable results in comparison with the IDF curves
obtained from at-site short duration rainfall data. In this study, scaling properties
of extreme rainfall are examined at Kathmandu airport in order to establish
scaling behaviour of statistical moments. Such scaling approach will enable to
derive rainfall IDF for shorter durations.

2. STUDY AREA

Kathmandu Valley has been considered for the study. The study area is situated
in Kathmandu, Lalitpur and Bhaktapur districts of Nepal. The valley with area of
roughly 500 km? lies between 27° 32' N to 27° 49' N and 85° 11' to 85° 32' E.
Kathmandu valley is situated inside Bagmati river system. The valley has a
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centripetal drainage system. The climate of the valley is subtropical to monsoon
with hot and wet summer and cold and fairly dry winter. The maximum and
minimum temperatures are 35°C and -2.5°C respectively. About 80% of the total
annual rainfall occurs during the months of June to September. Winter rainfall is
common but not heavy. The average annual rainfall in the basin is 1650 mm. bias
corrected GCM data of Meteorological Research Institute, Japan; climate change
impact assessment is intended using bias corrected MRI-GCM daily rainfall
values of 1979-2003 and 2075-2009 periods as current and future climate
respectively. Urban Kathmandu valley is in 4 numbers of MRI-GCM grid cells
(Figure 1). The grid cells are numbered similar to Mishra and Herath (2011).

Figure 1: Location of urban Kathmandu valley inside MRI-GCM cells

3. SIMPLE SCALING OF RAINFALL INTENSITY

Scaling properties of extreme rainfall are examined to establish scaling behavior
of statistical moments over different durations. Such scaling or scale-invariant
models enable to scale data from one temporal resolution to another, and thus help
to overcome the lack of extreme rainfall data of sub-daily durations.

Based on empirical evidence, it is assumed and verified that random variable I4
and Ip as annual maximum rainfall intensities over time duration d and D
respectively can have the following scaling property (Menabde et al., 1999):
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variables and # represents the scaling exponent. The relationship between the
moments of order g can be obtained by raising both sides of equation to power q
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Estimation of scaling exponent # is illustrated in Figure 2 which includes (i) log-

log graph of moments E{7%] versus durations of different order g; and (ii) linear
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graph of slopes (of moments versus duration lines) and moment order g. If the
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resulting graph is a straight line i.e., value of # (slope) remain same for different
values of q, it is of simple scaling otherwise it is of multi-scaling.

In this study, rainfall data of 25 years record length ranging from 1979-2003 at
Kathmandu airport were collected for confirming the simple scaling properties.
Menabde et al. (1999) found simple scaling property over the range 30 min to 48
hours. Rainfall intensities of 24-, 48- and 72-hour durations were tested to
investigate the scaling properties as sub-daily rainfall was not available for longer
periods. A log-log plot of the moments against their durations were examined for
moment order q =1, 2, 3, 4 and 5. Figure 3 illustrates qth moment of the rainfall
intensities (mm/h) against different durations.

Moment ( in log scale)

A
7
- - — m m e e e memmm oo o
~ a
- yd
________________________ _,( /l |
o~ Pl - V4
S be-o o ______ o ' o L______________ e
= i [P, _ S B
3 P iSiope=n /
———————————— £ : : d :
T . H : _ g :
1 e ity o :
AT T L
-~ ! | D L i
|~ ' : : N _ : o
0 1 2 3 4 5 0 1 ) 3 4 H
q q
Simple scaling Multiscaling

Figure 2: Hlustration for simple and multi-scaling properties (Nhat et al., 2007)
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Figure 3: Scaling of the moments at Kathmandu airport

Investigating potential climate change impacts on rainfall intensity duration frequency

curves in Kathmandu, Nepal 71



October 2012, Ulaanbaatar, Mongolia

In order to determine if the data follows simple scaling or multi-scaling, slopes
K(g) of moment versus duration lines was plotted against the moment order g.
Figure 4 shows linear dependence, thereby confirming about simple scaling.
Hence, simple scaling can be assumed for estimation sub-daily rainfall intensity
duration frequency curves in urban Kathmandu valley. Scale factor is estimated
by slope of the regression line as 0.6761.
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Figure 4: Simple scaling shown by linear regression at Kathmandu airport

4. DERVATION OF SUB-DAILY RAINFALL IDF RELATIONSHIP

Menabde et al. (1999) also showed that the scaling behavior can be found for the
parameters of a fitted CDF and for the quantiles estimated from the fitted CDF,
corresponding to different return periods T.

General form of IDF relationship (Koutsoyiannis et al., 1998) with i as rainfall
intensity, T as return period and d as duration of extreme event can be expressed
in the following form (equation 3):
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The function a(T) can be determined from the probability distribution function of
the maximum rainfall intensity, and the function b(d) is sought in the form
(equation 4):
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Assuming the CDF of extreme events in standardized functional form:

()

where F is some function, independent of d. Further assumption of scaling theory
will result the following formulae (equation 8 & 9):

(8)

Substituting equations (7), (8) and (9) in formula (5) and inverting it in respect to i,
we get the following IDF general relationship (equation 10):

=t O (10)

where u=upD" and s=0pD". Equation 10 shows that the scaling assumption leads
to 6=0 in the general form (equations 3 & 4).

6. RAINFALL EXTREME UNDER CHANGING CLIMATE

With application of the simple scale scaling model for rainfall intensities at
Kathmandu airport station, the scale factor was estimated to be 0.6761. The
rainfall IDF for sub-daily duration rainfall intensities can be estimated using
equation (10). Daily rainfall data for 4 numbers of MRI-GCM covering urban
Kathmandu valley of 25 years length ranging from 1979-2003 and 2075-2099 as
current and future climate respectively yielded following mean and standard
deviation values (Table 1):

Tablel: Mean and standard deviation of annual maximum rainfall intensities

MRI-GCM grid Present climate (1979-2003) Future climate (1979-2003)
cell number Mean, p=24n S.D.,op=24n Mean, pp=24n S.D.,op=24n
2 4.2 1.1 4.5 1.6
3 3.2 11 3.5 13
6 4.0 1.3 4.6 1.4
7 3.7 1.2 4.1 1.7

Assuming Gumbel distribution as suitable candidate in equation 10, the following
simple rainfall IDF can be derived (equation 11):
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Equation 11 enabled generation of rainfall IDF curves for present and future
climate over Kathmandu value by smoothing maximum rainfall intensities over d
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=1, 2, 3,6, 12 and 24 hours. Figure 5 & 6 show rainfall IDF curves estimated for
2-, 5-, 10-, 25-, 50- and 100-years return periods. Change in rainfall intensities for
different duration and return periods are shown in Table 2. An important
observation is made by visual as well as tabular inspection for all return periods,
for all durations that rainfall intensities are significantly greater for future climate
than present climate. Table 2 points out that there will be an average increase of
18.9% ranging from 10.9% to 22.2% in extreme rainfall intensities. These
observations have major implications for the design, operation and maintenance
of storm water infrastructures in urban Kathmandu valley.
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Figure 5: Rainfall IDF curves at urban Kathmandu valley for present climate
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Figure 6: Rainfall IDF curves at urban Kathmandu valley for future climate

Table 2: Percentage change in rainfall intensities at urban Kathmandu valley

Durations Change (%)
(d) in Average rainfall intensities (mm/h) for return periods
hour 2 5 10 25 50 100
1 12.5 17.7 19.1 20.6 21.4 22.1
2 12.2 17.9 19.2 20.7 21.6 22.1
3 12.4 17.8 19.2 20.6 21.3 22.1
6 12.9 17.9 19.3 20.3 21.3 22.2
12 12.3 17.9 19.1 20.9 20.8 22.2
24 10.9 18.6 18.8 21 21.1 22.2
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6. CONCLUSIONS

Potential impact of climate change on rainfall extremes have been studied by
analysing rainfall IDF curves for present and future climate at urban Kathmandu
valley, Nepal. The assessment has been made by using 20-km daily MRI-GCM
rainfall projections over the Kathmandu valley. Regionalized quantile-quantile
bias correction successfully reduced any significant biases in the MRI-GCM
rainfall projections. The properties of the time scale invariance of selected rainfall
guantiles were investigated at Kathmandu airport. It has been shown that the
rainfall at Kathmandu airport follow assumption simple scaling properties.
Accordingly, following the revision of Menabde et al. (1999), it was possible to
derive the rainfall IDF curves for shorter durations from daily rainfall intensities.
Results of this study are of significant practical importance for design, operation
and maintenance of storm water management infrastructures under changing
climate scenario.
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ABSTRACT

We focused on integrating AGCM results with a river discharge model and an
inundation model to carry out a descriptive present and future flood hazard study
for lower West Rapti river basin. In this study, bias corrected high resolution
AGCM precipitation outputs of Meteorological Research Institute, Japan
Meteorological Agency (MRI-AGCM 3.1s and 3.2s) for IPCC Special Report on
Emission Scenario A1B were utilized to obtain the precipitation patterns over West
Rapti river basin for Present (1980 — 2004), Near Future (2015 — 2039) and Future
(2075 — 2099) time durations. PWRI-distributed hydrologic model ver.2 (PDHM)
was employed to obtain the river discharges for above mentioned time durations
followed by frequency analyses for 25 and 50 years return periods flood discharges.
The frequencies and intensities of calculated return period flood discharges showed
increments in ratios when the Future values were compared with the Present values
for both MRI-AGCM 3.1s and 3.2s. Flood frequency increment ratios for AGCM
3.1s and 3.2s were 1.4 and 2.2 respectively while for the flood discharges, ratios
were 1.1 and 1.9 for 50 years return periods flood discharges. Flood inundation
simulations of 50 years return period events for Present and Future were carried
out by rainfall, runoff and inundation model (RRI model) followed by an assessment
for the flood hazards based on the simulated flood depths and distributions at
several residential locations of the target area. Future flood depths in the area
show a significant increment compared to the Present situation. These variations in
Future climate will cause complex implications on the socio-economic conditions of
the target area such as irrigation, agriculture, livestock, education, health and
transportation.

Keywords: climate change, flood hazards, hydrological modeling, inundation
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1. INTRODUCTION

Nepal’s vulnerability to climate-related disasters is likely to be exacerbated by the
increase of intensity and frequency of water hazards induced by climate change
(IPCC, 2007). Nepal has been identified as a frequent disaster spot in the
developing world and consequently in the Global Natural Disaster Analysis Report
(Dilley et al., 2005). Nepal was ranked at 11" place on disaster vulnerability in the
world. Most known water hazards in Nepal are floods, landslides, debris flows,
droughts, snow avalanches and glacier lake outbursts (GLOF). In a humid climate
like that of Nepal, there will be changes in the spatial and temporal distribution of
temperature and precipitation due to climate change, which in turn will increase
both the intensity and frequency of extreme events like droughts and floods
(Mahtab, 1992). The majority of Nepal’s present population depends on agriculture
for their subsistence but still about 63% of the agricultural lands are deprived of
modern irrigation facilities (FAO, 2004). The increased precipitation variability
may create difficulties in cultivating these lands and could result in probable food
scarcity for the population. Currently, about 31% of Nepal’s total population is
below the poverty line and 95% of them live in rural areas (MOF, 2005). The poor
people are more vulnerable to climatic extremes as well as gradual changes in
climate than the rich because they have less protection, less reserves, fewer
alternatives and a lower adaptive capacity since they are more reliant on primary
productions (AfDB et al., 2003).

2. STUDY AREA
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Figure 1: West Rapti river basin and target area Figure 2: VDCs of target area

The West Rapti river basin is an important river basin concerning its significance in
water supply for agriculture, irrigation, and domestic uses to the West Tarai region
of Nepal. It covers about 6450 km? and has the total population of approximately
1,046,000 (CBS, 2001). The West Rapti river originates from the Mahabharat range
in Nepal with the average altitude of about 3000 m. According to the topographical
profile, the basin can be broadly categorized as upper (hilly) and lower (Tarai —
plain). Springs and monsoon precipitations are the main contributors for the water
budget of the river. The annual average precipitation is about 1500 mm.
Observations of daily precipitation at 21 rainfall stations which are located inside or
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around the basin and daily discharges at 3 river gauging stations (Bagasothi,
Julkundi, and Kusum) are available for this study (Figure 1).

The study area is located in the lower West Rapti river basin near the Nepal-
India border, (Figures 1 and 2) Nepalgunj in Banke district, Nepal which faces
recurrent flood disasters where significant losses of properties, lives and livelihood
of the local population occur. Recent extreme flood events in lower West Rapti
were reported in 1984, 1989, 1998, and 2007. Flood inundations are generally
caused by both the mainstream of the river and local heavy rainfalls, contributing to
high flows in the tributaries. It is reported that the inundation problem has been
worsened by the construction of the Laxmanpur barrage and Kalkaluwa afflux bund
in Indian territory near to the Nepal-India border, since it obstructs the natural
drains and flows from West Rapti river (UNDP, 2009). In future anticipated climate
change induced high precipitations will intensify the flood inundations in this area.
The study area covered six Village Development Committees (VDCs) namely
Kamdi, Bankatti, Phattepur, Betahani, Holiya and Gangapur in the lower West
Rapti basin (Figure 2). Those VDCs were categorized as most affected, moderately
affected, and less affected according to the historical inundation severity based on
the information received during the field surveys conducted by the authors in June
and December of 2011 and previous literature (Osti, 2008). Agriculture-based
economy prevails in the area, and the population was approximated as 45,000 in
2001 (CBS, 2001). The land cover is mainly consisted of farmlands, forests, and
villages. As categorized in Figure 2, the villages located near Nepal-India border
are quite vulnerable in terms of floods. Likewise, the villages located in the
upstream, are moderately vulnerable whereas the villages located in the middle part
are less vulnerable in comparison to the visited VDCs of downstream and upstream.

3. METHODOLOGY The complete methodology of the
study is explained in Figure 3.
PWRI-Distributed  Hydrological
Model ver.2 (PDHM) (Sugiura et
al., 2008) was calibrated using
observed rainfall and discharge
data of Bagasothi and Julkundi
stations. The calibrated PDHM
was run with the 20 km x 20 km
mesh based rainfall outputs of
AGCMs to obtain the river runoff
at the boundary (RRI inlet) of the
target inundation simulation area.
River runoff simulation with
AGCM outputs were carried out
- for Present (1980 — 2004), Near
Figure 3: Flow chart of the modeling process Future (2015 — 2039) and Future
(2075 - 2099).

Frequency analyses were carried out for the 25 years sets of river run off results of
the RRI inlet point using peaks over threshold (POT) method to obtain the 25 years
and 50 years return periods’ peak discharges. Finally inundation simulations were
conducted for obtained 25 and 50 years return periods flood events to understand
the inundation distribution and depths at the selected area.
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3.1 MRI-AGCM outputs and bias correction

MRI-AGCM 3.1S provided information on possible climate change induced by
global warming, including future changes in tropical cyclones, the East Asia
monsoon, extreme events, and blocking anticyclones (Mizuta et al., 2006). MRI-
AGCM 3.2S is the improved version of MRI-AGCM 3.1s with the introduction of
various new parameterization schemes, and shows improvements in simulating
heavy monthly-mean precipitation around the tropics on the Western Pacific, the
seasonal pattern of the East Asian summer monsoon, and so on (Mizuta et al., 2011).
As the lower boundary condition, these climate experiments were performed with
the observed sea surface temperature (SST) and SST change projected by
atmospheric-ocean coupled models. These boundary conditions were common for
both MRI-AGCM 3.1S and 3.2S. The future climate experiments are called as
SFOAC and SFAC, while the present climate runs are called as SPOAC and SPAC
with MRI-AGCM 3.1S and 3.2S, respectively. For near future, they are as NFOAC
and NFAC. Bias correction was needed to remove the bias in the GCM outputs. In
this study a statistical bias correction method developed by Inomata et al., 2009 was
applied. The main objective of the bias correction method is to correct intensity of
GCM daily precipitation samples to express both seasonal patterns and extreme
values appropriately. The basic idea of the bias correction is to adjust the
probability distribution of GCM daily precipitation to that of its observed
counterparts. The bias corrected rainfall data was applied to PDHM model to
generate the river discharge.

3.2 PDHM

PDHM is a conceptual model with three tanks to represent surface flow (surface
tank), groundwater flow (lower tank) and river discharge (river course tank). The
simultaneous flow exchange between tanks is controlled by various parameters. The
distributed nature of tanks within the model area gives freedom to consider various
land uses as well. PDHM model with 800 m x 800 m resolution and simulation
time interval as 1 day was calibrated for the river discharge data for 2006 and 2008
at two river discharge gauging points using measured rainfall data obtained from
rainfall stations shown in Figure 1. Flood events of 2006 and 2008 which had peak
discharges above 1000 m®s at Kusum station were selected for the calibration.
PDHM model’s parameters were tuned by trial and error method to achieve the
differences between observations and simulations minimum for the selected flood
events at Bagasothi, Julkundi and Kusum river gauging stations.

3.3 RRI model

RRI model simulates the processes of rainfall-runoff and inundation simultaneously
based on two-dimensional diffusion wave equations. The model deals with slopes
and river channels separately. The inflow-outflow interaction between the slope and
river is calculated based on different overflowing formulae depending on water-
level and levee-height conditions. A storage cell based inundation model suggested
by Hunter et al., 2007 has been applied to calculate lateral flows on slope grid cells.
The model equations are derived based on mass balance equation and momentum
equation for gradually varied unsteady flow (Sayama et al., 2011). Topographic
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data used in this study were obtained from HydroSHEDS (3-s resolution) (Lehner et
al., 2008). The resolution corresponded approximately to 90 m x 90 m in this
region; length and width of the inundation model were 26.7 km and 14.4 km. The
number of grid cells was 47520 in the modeled area. The inundation model area
was 384.5 km?. The model requires information of the river channel locations and
cross sections. We used flow accumulation datasets included in HydroSHEDS. For
the river cross sections, 500 m width and 1 m depth of cross section was used for
the simulation based on available field measurements. RRI model was employed to
simulate the inundations for 25 years and 50 years return periods floods in this
study. In the simulation of 2007 flood, three rainfall stations were used while in
simulating the future flood events 20 km x 20 km mesh based rainfall data was
employed. The land use of the area was mainly consisted of agriculture and small
amount was allocated for residential area. The topography of the model area was
consisted of plane and mountainous areas with lowest elevation of 116 m and
highest of 422 m elevation.

4. RESUTS AND DISCUSSION

4.1 Inundation results for 2007 flood
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Figure 4: Discharge hydrograph at RRI inlet
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Inundation depth (m)
o o o
)

~

02 -

0 2 4 6 8 . 10 12 14 i6 18 20
Time - Days

Figure 6: Inundation depths at villages in the target area

According to the historical information, there was a significantly larger flood had
occurred in 2007 with severe damages to the residents of the area. As mentioned in
the introduction, the households in the area were divided in three groups as most
affected, moderately affected and less affected. In our study we simulated the
inundation for 2007 flood event based on available rainfall data and PDHM model
outputs for river discharges. Simulation results also show that most affected areas
with higher flood levels. Flood depths of moderate and less affected areas show
comparative depths according to their classification. Figure 4 shows the hydrograph
of RRI inlet point which was obtained from PDHM and rainfalls of field
measurements. 2007 flood event lasted for about 2 weeks started from July 17" to
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August 6™ of year 2007. The peak was approximated as 2000 m%s and the
maximum rainfall occurred was 190 mm/day. Figure 5 depicts a series of
inundation maps which clearly explains the flood hazard of 2007. In the simulation
results, the maximum inundation distribution was occurred from 25™ to 29™ July of
2007. The observed rainfalls around the simulated area were also shown above 100
mm/day during that period. Figure 6 explains the simulated flood depths at the
VDCs located in the modeled area. The VDCs of Piprahawa, Chauperi and
Phattepur show the higher flood depths compared to other villagess in the area. The
maximum flood depth was at Piprahawa and it was close to 1.0 m. According to the
field survey information, flood depth of above 30 cm can cause significant damages
for agriculture and household properties of this area. The distribution of flood
depths in the modeled area is reasonably agreed with the village classification of
mostly, moderately and less affected.

4.2 Inundation simulations for Present and Future flood events based on
frequency analysis.

@ In the present paper, the focus is on the
~ simulation results which were based on
- MRI-AGCM 3.2s. Figure 7 shows RRI
. inlet discharges which were simulated
by PDHM model based on the bias
corrected MRI-AGCM 3.2s output
precipitations. It can be clearly seen that
the river discharge at the RRI inlet point
has increased twice from Present
® (SPAC) to Near Future (SNFC) and
. Future (SFAC). An overall increment of
- discharges can be seen compared to the
~ Present time period. In SPAC the peaks
have occurred in June or July most of
the times, however for SNAC and
- SFAC the appearances of high peaks
have been shifted to September and
© October. In SPAC, the peak events’
— discharges were less than 4000 m®/s
- however in SNAC and SFAC, the
 frequencies of peaks above 4000 m®/s
are significantly higher. Frequency of
occurrence of flood discharges more
~ than 1500 m*s in SFAC has increased
by 2.2 times compared to SPAC.
Similarly the discharges for 25 and 50
years quantiles have been increased
close to two times. These results show
the possible Future climate changes
compared to Present situation.

1335

kg Gl

Figure 7: Daily discharges at RRI inlet
point for SPAC (a), SNAC(b)
and SFAC(c)
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Table 1: Frequency analysis results for RRI inlet point discharges

. . Probable peak
Type of Time Frequency in . 3
GCM period 25 years discharge (M'/s)
1/25 1/50
MRI- SPOAC 38 3270 3630
AGCM | SNOAC 38 4090 4600
3.1s SFOAC 53 3540 3910
MRI- SPAC 30 4100 4660
AGCM | SNAC 37 7060 8170
3.2s SFAC 66 7720 8810
PDHM discharge
(based on observed 43 3910 4350
rainfall)

Table 1 shows the results of frequency analysis which was carried out to obtain the
discharge quantiles for 25 and 50 years return periods for RRI inlet point based on
MRI-AGCM 3.1s and 3.2s precipitation outputs. The obtained POT values were
fitted to exponential distribution to obtained 25 and 50 years return periods floods.
According to Table 1, it can be seen that the MRI-3.1s” quantiles show lower values
than MRI-3.2s. Probable peak discharges increase remarkably in Near Future and
they change slightly at the end of 21% century for MRI-3.2s. Frequency of flood
increases in Near Future and Future. 25 and 50 years peak discharges which were
calculated based on PDHM output discharges under the observed rainfalls, have the
values of 3910 m®/s and 4350 m*/s respectively. The 50 years return period flood of
MRI-3.2s is more than double of the peak discharge value based on observed
rainfalls.

4.3 Inundation results of SPAC and SFAC for 50 years return period flood
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Figure 8: Discharge hydrograph Figure 9: Inundation depths at villages
at RRI inlet for SPAC in target area for SPAC

Figure 10: Inundation maps for SPAC flood event
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Table 2: Inundation area where the flood depths equal or exceed 30 cm at the peak

2007 flood, SPAC flood, SFAC flood, Aspac Asrac
Agoor (km?) Aspac (km?) Asrac (km?) Agoo7 Azo07
60 106 133 1.8 2.2

The figures in section 4.3 explain the simulation results of Present and Future
inundations of 50 years return period floods. The variation of flood depths in SPAC
and SFAC (Figure 9 and 12) shows that the villages located in most affected VDCs
such as Piprahawa, Chaupheri and Gangapur have shown high flood levels
compared to 2007 flood. For Chaupheri, in 2007 it was about 0.6 m and for SPAC
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and SFAC cases the flood depths have been increased to 1.1 m and 1.5 m
respectively. Therefore, in future the anticipated flood depth at Chaupheri will be
increased more than twice of 2007 flood depth. Gangapur which is located close the
river channel will be also severely affected in future since its flood depth in SFAC
is 1.4m while in SPAC and 2007 flood the depths are 0.8 m and 0.3 m respectively.
Similar tendency can be seen in other villages also. Therefore in Future the flood
vulnerabilities of the villages which were categorized as mostly affected VDCs, will
be significantly increased. The possible reason for the high flood levels in
Piprahawa even though it is located somewhat away from the main channel can be
explained as due to the afflux bund in the Nepal-India border. Figure 14 shows the
Nepal-India border and the location of Kalkaluwa afflux bund. This afflux bund
was constructed very near to the border and during the field survey, it was heard
that during the 2007 flood event also it was one of the cause of inundation
especially in Piprahawa area. However, to understand the behavior of this bund in a
flood event a very detailed simulation study should be carried out.

Figure 14 depicts the inundation distribution at the peak flood levels of 2007 flood,
SPAC and SFAC 50 years return period floods. In 2007 the peak discharge was
about 2000 m%/s, in SPAC it was 4660 m*/s and for SFAC it was 8810 m*/s. The
inundation distributions for above mentioned flood peaks show their impacts to the
target area clearly. In the target area, when the flood depth exceeds 30 cm, the
property and agricultural damages are high according to the field survey. In Table 2,
the inundation areas which exceed the 30 cm flood depth are shown with ratios
comparing with 2007 flood. It is noticed that in Future the inundation area
exceeding 30 cm will be doubled compared to 2007 flood. When the flood
discharge becomes higher the VDCs which were classified as less or moderately
affected are also showing high level of floods which can be lead to severe disasters
in future. Consequently, there will be more damages to human lives, livestock and
properties in the area if adaptation and mitigation measures are not taken in time.

5. CONCLUSION

The impact of climate change on flood hazards in lower West Rapti river basin in
Nepal was analyzed by feeding present, near future and future climate, projected
precipitations into a distributed hydrological model to achieve the river runoff.
Employment of the obtained river runoff to an inundation model was carried out to
simulate the flood hazards at different time intervals in present, near future and
future periods.

When the daily discharge values of SPAC, SNAC and SFAC were compared a
significant increase of the magnitude and frequency of high discharges were noticed
in near future and future than present. Moreover shifting of high discharge seasons
from June/July to September/October was seen implying the potential of varying
the climate patterns in future. Such a phenomenon will seriously affect to the
agriculture in the target area. In the comparison of inundation areas which exceed
30 cm flood depth, in future the ratio is more than twice compared to 2007 flood.
The flood hazards in the highly affected areas will be increased significantly in
future as a result of increased flood depths in most of the villages in the target area.
Profound countermeasures should be implemented to reduce the flood induced
damages.
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ABSTRACT

In the last few years Dhaka City has been experiencing many fire
accidents due to lack of proper precautionary measures, institutional
inefficiency, insufficient equipment support and lack of public awareness. In
this study, a traditional community of ward 65 of Dhaka has been selected
for vulnerability assessment using Community Vulnerability Assessment
Tool (CVAT). From the fire vulnerability analysis it has been found that
most of the buildings of the study area are highly vulnerable. 27% critical
facility was found to be within the highly fire vulnerable areas. High
population density in the high risk zone and plastic recycling and
processing industries make the area socially vulnerable to fire hazard. 20 %
buildings have plastic manufacturing and processing industries which is
highly vulnerable to fire hazard. Most of the buildings (42%) have 3 feet
wide staircase. 19% households have only 0-5 feet roads in front of their
houses which is inaccessible for fire truck. Besides, electric pole is located
in front of 14% buildings and transformer is located in front of 11%
building. 97% buildings of the study area have different type of fire sources.
In this respect this community is vulnerable to fire hazard. The land use
pattern of ward 65 indicates also the possibility of this kind of hazard. As
being a mixed use residential area, the loss due to fire may be catastrophic.
To increase resiliency of the community in case of fire hazard some steps
should be taken such as change in present land use pattern, relocation of
chemical factory and plastic factory, and widening of road network and
staircase of building.

1. INTRODUCTION

Dhaka City has been experiencing many fire accidents at present and in
most cases lack of proper precautionary measures along with the
institutional inefficiency, insufficient equipment support and lack of public
awareness are making the situation worse. To mitigate the impact of fire at
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community level, public participation is important. As a high risk area of
fire hazard, no vulnerability assessment has been conducted in Dhaka City.
In this study, a traditional community of ward 65 of Dhaka has been
selected for vulnerability assessment. Community Vulnerability Assessment
Tool (CVAT) (Lisa et al, 2002) method has been applied to assess
vulnerability of the community to fire hazard. At first, a hazard map
showing the different risk zones of fire has been developed by land use in
the study area. Then four vulnerability analyses have been conducted
namely social vulnerability, critical facilities vulnerability, economic
vulnerability and structural vulnerability. To accomplish these vulnerability
analyses different field surveys have been conducted for getting complete
scenario of the community. By using some parameters and attributes,
community vulnerability has been evaluated with respect to fire hazard.
Finally some recommendations have been provided to improve the present
condition of the community.

2. BACKGROUND

The A fire hazard is any situation in which there is a greater than
normal risk of harm to people or property due to fire. The physical
vulnerability of the country’s population and infrastructure is compounded
by economic vulnerability. Extensive fire inevitably causes upheavals not
only in the physical but also in the social and economic context where it
occurs. Urban fires have devastating impact on the communities. An
analysis of disaster impacts on urbanizing areas show that fires cause the
greatest loss of life and property. Fires hazards occur frequently in
Bangladesh especially in urban areas. Table 1 describes number of fire
accidents originated by various causes in the last three years in Bangladesh.
Electric fault, kitchen fire, cigarette, naked fire, burning ash, fireworks,
friction of machine, sabotage, mob, unknown and misc (engine misfire,
spontaneous ignition, and chemical reaction) are different causes of fire.
Among these most of the fire occur due to electric fault and kitchen fire.

Table 1: Causes of Fire in Bangladesh

SL Cause of Eire Number of Fire Incident
2009 2010 2011

1 Electric Fault 3754 43.27% 3188 39.44% 3760 43.86%
2 Kitchen Fire 2254 25.98% 2166 25.67% 2137 24.89%
3 Cigarette 865 9.97% 789 9.75% 828 9.64%
4 Naked fire 542 6.24% 528 6.52% 450 5.24%
5 Burning Ash 229 3.41% 267 3.16% 358 4.17%
6 Fire Works 162 2.41% 204 2.41% 161 1.87%
7 Friction of Machine 134 1.99% 170 2.01% 244 2.84%
8 Sabotage 85 1.26% 149 1.76% 104 1.21%
9 Mob 113 1.68% 241 2.85% 78 0.90%
10 Unknown 868 - 1105 - 726 -
11 Misc (Engine misfire, 536 6.17% 389 4.61% 464 5.40%

spontaneous ignition,

Chemical reaction)

Total 12182 14682 13041

Source: Bangladesh Fire Service and Civil Defense, 2012
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Residential fire events are increasing in every year tremendously and
it causes loss of property and injures many people badly. Industrial fire is
also in increasing trend. (Bangladesh Fire Service and Civil Defense, 2011)
Economic loss due to fire incidents is high. Figure 2 describes amount of
loss due to residential fire in Taka crore from 2002 to 2010. Among these
years the highest amount of loss (Tk. 272.64 crores) is seen in 2005. In
most of the years the loss amount is above Tk. 100 crores. As Bangladesh is
a developing country it cannot afford the huge amount of loss due to fire
accidents every year.
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Figure 2: Extent of losses due to fire hazards in recent years
(1 Million USD = Taka 8.6 crore)
(Source: Bangladesh Fire Service and Civil Defense)

Dhaka the capital of Bangladesh often faces fire hazards due to its
dense building concentrations, narrow roads, flammable building materials,
aging water supply and electrical wire, chemical factory in residential areas
as well as the lack of preparedness and response skills among local people
and the fire authority. Figure 3 shows the trend of fire in Dhaka City in the
last six years. Most of the fire events occurred in 2010 than the other
statistical year.
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Figure 3: Number of fire event in Dhaka city
(Source: Bangladesh Fire Service and Civil Defense, June 2011)

In 3rd June 2010, a devastating fire broke out in the densely-populated
part of Old Dhaka city at Nimtoli. Fire killed at least 117 people and caused
injury to a hundred people. Most of the affected peoples were women and
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children. Initially it was thought that explosion of two transformers at
Nimtoli started the fire but later it has been known the fire originated from
an oil stove and spread to the chemical warehouses nearby and resulted high
casualties and damages.

Two back to back fires occurred in 15th and 16th January 2012 in
Islambag and Lalbag areas in Ward 65 in Old Dhaka. The first incident
occurred in a plastic warehouse near the Eidgah ground in West Islambag at
around 10:45 PM started from a gas stove. The next day again at the same
time another fire occurred in Shahid Nagar area at Lalbag around 10:30 PM.
In this case fire originated from a tin shed house. Around 100 shanties, five
shops and a printing press caught by fire. (BNUS field Survey, 2012).

This is a common situation in Old Dhaka where most of the buildings
have small factories like chemical, plastic, rubber etc., and Warehouse and
food shops up to second floor of the residential building. In Old Dhaka no
house is equipped with fire fighting equipments like extinguisher, hose pipe
etc. They don’t have sufficient width of staircase let alone the emergency
exit. In this respect, assessment of fire hazard vulnerability in Dhaka City
especially in the old part is very important. The old part ‘Puran Dhaka’ is
the most vulnerable area in Dhaka City. In this study Ward 65 (Map 1) of
Old Dhaka is selected for the vulnerability assessment. This ward is one of
most vulnerable to fire hazard than other because of its traditional land use
and population density. Fire incidents are very common phenomenon in this
area. It is also one of the oldest areas of Dhaka City. This ward is mainly
used as manufacturing industrial area. Besides several land uses like
Warehouse, commercial use, chemical shop, clamber storage and processing
shops are also prominent. Land use of this area makes it more unique than
the other area of Dhaka City. In this study, assessment of fire hazard
vulnerability of the community has been conducted to examine the existing
risk of fire in the area and prepare the residents to face this sort of disaster.
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Map 1: Study Area (ward 65 of Dhaka city)
Source: Dhaka City Corporation

90 New Technologies for Urban Safety of Mega Cities in Asia



ICUS Report 65

3. METHODOLOGY

3.1 Study Design

For achieving the objectives, depending on the literature review a checklist
for the study has been designed which has been modified on the basis of
findings from pilot survey. The checklist is given in Appendix-A.

3.2 Study Area Selection

The Ward 65 of Old Dhaka is selected as the study area to assess the fire
hazard vulnerability. The study includes the vulnerability assessment of the
building stocks. Buildings adjacent to the roads were surveyed.

3.3 Sampling

The total number of buildings of Ward 65 is 3210. For this sample size, total
1078 buildings survey has been conducted keeping the confidence level at
95% and confidence interval is 2.43.

(http://www .surveysystem.com/sscalc.htm, accessed on 25th March, 2011).

3.4 Data Collection

3.4.1 Base map collection and updating map from field survey

A base map of the study area was collected from Dhaka City Corporation
(DCC) office to become familiar with the environment of the study area.
Field survey of the buildings was conducted on the basis of the DCC base
map.

3.4.2 Primary Data Collection
A checklist survey was conducted in the study area to find out the existing
socio-economic condition of the residents.

3.5 Data Processing and Analysis

Through data collection, raw data have been collected. Information
collected from the survey, have been inputted in MS Access and then
converted to SPSS 12 for processing and analysis.

3.5.1 Fire hazard vulnerability analysis
To assess the community vulnerability of Ward 65 in Old Dhaka,
Community Vulnerability Assessment Tool (CVAT) is used to find out the
existing scenario of the area. This tool has 7 steps including:

e Hazard identification

e Hazard analysis

e C(ritical facilities analysis

e Social analysis

e Economic analysis

e Environmental analysis

e Mitigation opportunities analysis

In this study only critical facilities analysis, social vulnerability analysis,
economic vulnerability analysis and in addition structural vulnerability
analysis has been done to assess the vulnerability of the community. The
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tools and methodologies used in this analysis consist of GIS and spatial
mapping analysis.

3.6 Preparation of Final Report

All information and finding are gathered and presented by tables, graphs
and maps to prepare the final report. Some recommendations based on the
findings are provided to improve the overall conditions of Ward 65 in the
report.

4. FIRE HAZARD VULNERABILITY ANALYSIS

The study area is divided into three risk zones including high risk zone,
moderate risk zone and low risk zone according to their land use from
expert opinion. Land uses of various risk zones differ from other (map 3).
The total area of Ward 65 is 118.1668 acres (0.478 Square Kilometer).
Among this, high risk zone is 52.84 acres (44.72%), moderate risk zone is
30.89 acres (26.14%) and low risk zone is 27.95 acres (23.65%). (From GIS
Map) The livelihoods of the inhabitants of a zone are primarily based on
plastic processing industries like plastic manufacturing, recycling and
processing factories. This zone is considered as high risk area. The name of
this portion is Islambag. The zone also displays a high building density with
multi-storey buildings and very few urban public spaces left. In the
moderate risk area processing factory and different Warehouse (plastic
Warehouse, cattle food storage) are dominant. Residential use with
commercial (retail shop, office, bank and storage) use is considered as the
low risk area.
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Map 3: Fire risk zone in Ward 65
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4.1 Critical Facilities Analysis

The critical facilities in ward 65 were identified and a complete inventory of
these facilities was prepared. There are total 22 numbers of critical facilities
in the study area. Then critical facilities that are in and within close
proximity to high risk areas were identified by overlying the critical
facilities location over the map of fire vulnerable areas. Map 4 shows
critical facilities map in Ward 65. The most common critical facilities in the
area are as follow:
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Map 4: Critical facilities Map in Ward 65

Figure 4 shows that 27.27% critical facilities are located at the high risk,
9.09% are located at moderate risk area and 63.64% are located at low risk
zone. The critical facilities are mainly educational institution and religious
center. Most of the critical facilities are located in the Lalbagh area which is
comparatively low risk zone. In this area land use is mainly residential and
in some case mixed (residential, retail shop, commercial) and the people in
this area are less vulnerable to fire hazard. In high risk zone i.e. Islambag,
plastic industries are located to very close proximity to critical facilities.

High risk
area
27.27%

Low risk
area
63.64%

Moderate
risk area
9.09%

Figure 4: Percentage of critical facilities in different risk zones
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Critical facilities of the study area are not vulnerable to fire. Besides these
are located mainly adjacent to wider roads. In case of any fire, these can be
used as shelter for the inhabitants.

4.2 Social Vulnerability Analysis

Number of population in any building of the study area varies from 0 to 400.
Most of the buildings (28.53%) have 11 to 20 people. 22.03% have 21 to 30
persons and 18.93% have 6 to 10 persons. Building having population more
than 100 is very low (1.6%). But most of the densely populated buildings
are situated in the high risk zone (Map 5) which mainly consists of plastic
recycling and processing factories. In these factories generally woman and
child laborers work. With respect to these conditions of the area it can be
said that the area is vulnerable to fire hazard.
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Figure 5: Population distribution in Ward 65.

Map 5: Population Map of Ward 65
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4.3 Economic Vulnerability Analysis

Among the surveyed households, 57.22% have different types of economic
activities. Plastic manufacturing and processing industry is dominating
(20.22%); others are different type of factory (15.19%), warehouse (8.95%),
iron/metal shop/factory (2.8%), gold and silver shop (1.49%), electric goods
shop (1.3%), chemical shop/factory (1.21%) and other (6.06%) etc. Grocery
shop, grocery shop and bank, medicine shop, tailoring shop/laundry,
clamber storage, paper shop, bank/services, cloth store, hotel, market and
phone shop are in other category. Figure 6 shows different types of
economic activities of the study area.
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Figure 6: Economic Activities of the Study Area

Some economic activities makes the study area vulnerable to fire hazard.
Among them plastic manufacturing industry is totally based on chemicals
which promote fire to spread within few seconds to the locality. From land
use survey, it is found that the area is mainly a residential area (36.9%).
Mixed activity is found in four categories: 1. residential and commercial
(31.87%), 2. residential and industry (16.4%), 3. commercial and industry
(0.93%), and 4. residential and education (0.1%). Figure 7 shows the present
land use of the study area.

EI:;J;Z::'SSEI Mixed (Residential
Community Facility 0.84% Mixed (Residential and
1.49% : & Industry/factory) School/Educationa
16.4%/ | Institution)
/ 0.1%
Industry/Factory ) )
5.68% —— Residential
36.9%
Mixed /
(Commercial & Mixed (Residential
Industry) & Commercial)
0.93% 31.87%
Commercial
5.77%

Figure 7: Present Land Use of the Study Area
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4.4 Structural Vulnerability Analysis

There are other factors in the area which makes it vulnerable to fire hazard.
These factors are width of staircase, road width of the area and accessibility
to the building, position of transformer and electricity pole. If the roads are
not accessible to fire service vehicle to douse/ put off the fire it may cause a
loss to the community. For the emergency evacuation process staircase
width is a vital issue to the resident of a building. That’s why these factors
get importance to the vulnerability assessment. The area consists of total
3210 structures. Among these, 55.66% of the structures are situated in high
risk zone; 24.45% structures are situated in moderate risk zone and 19.89%
structures are situated in low risk zone. (Map 6)

Map 6: Structure Map of Ward 65

4.4.1 Age of Structure

From the field survey, 2011, it is found that Ward 65 is composed of both
old and newly developed buildings. 23.3% of surveyed buildings have been
constructed 0-10 years ago. These are the newest structures of the area.
Most of the buildings have been constructed around 11-20 years ago
(25.7%). 23.2% and 11.6 % structures have been built 21-30 years and 31-
50 years before respectively. 15.9% building are 51-100 years old and 0.4%
buildings are more than 100 years old.
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Figure 8: Age of building in the study area

4.4.2 Number of Floor

From field survey it has observed that in the study area most of the
buildings (29.64% of surveyed buildings) are one storied. These buildings
are mainly used as clamber storage and processing activity and plastic
manufacturing and processing. In these structures fire can propagate very
swiftly. 22.27% buildings are two storied and mainly used as residential and
plastic processing activity. 3 storied are 14.35%, 4 storied are 13.05%, 5
storied are 12.3% and 6 to 14 storied are 7.36%. 1.03% buildings are under
construction.
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Figure 9: Number of floor of the building in the study area

4.4.3 Staircase Width

In the older portion of Dhaka city it is a tradition that the width of staircase
is smaller than the new part of Dhaka. From the field survey it has been
observed that staircase width of buildings varies from 1-5 feet. Most of the
buildings (41.82%) have 3 feet wide staircase. 4 feet wide staircases are
seen in 28.09% buildings. In case of some newly constructed buildings the
width is 5 feet (11.73%). Wider staircase is essential for any building during
the evacuation process for any disaster. For fire hazard it gets special
priority because fire spreads very quickly in a building. So people need to
protect themselves from the rage of fire in a very short time. In this respect
the study area is vulnerable to fire hazard.
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Figure 10: Staircase width (feet) of building in the study area

4.4.4 Road Width/ Accessibility to Building

For emergency response during any disaster road width is an important
factor. If the road is not sufficiently wide to move fire service’s vehicle it
may cause another disaster to the people and it may extend the loss.
Building fire can spread very quickly and can overwhelm properties and life.
In the study area accessibility to each household is not good. The main
roads are wide and accessible to the fire service vehicle but the local roads
and connecting roads to the buildings are not accessible to the vehicle. (Map
7)

Map 7: Accessibility Map of Ward 65

Road width varies from 1-40 feet in the study area. Most of the residents
have 6-10 feet roads in front of their houses (44.73%). 16.31% have 11-15
feet roads and 20.42% have above 15 feet roads. 18.55% households have
only 0-5 feet roads which is inaccessible for fire truck. These narrow roads
are totally impossible for evacuation and recue process. In this respect this
community is also vulnerable to fire hazard. They are not aware about
widening the road.
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Figure 11: Road width (feet) / accessibility to building in the study area

4.4.5 Transformer and Electricity Pole

Position of transformer and electricity pole to a building is also assessed in
this study because these may cause serious fire hazard to the locality.
Recently in old Dhaka a fire incident occurred due to the blast of a
transformer. The buildings in this area are constructed very closely to each
other. So that fire can spread out to another building. Among the surveyed
buildings electric pole is located in front of 13.51% buildings and
transformer is located in front of 11.37 % building.

Electric Pole Transformer
Yes Yes
13.51% 11.37%
No
I No

86.49%
88.63%

Figure 12: Electric pole in the study Figure 13: Transformer in the study
area area

4.4.6 Existence of Fire Source

Most of the buildings of the study area have different type of fire sources.
Gas stove, electric wire, chemical factory and plastic factory are the main
sources of fire. Besides, there are also some ornament factories, metal
factories, recycled plastic shop, printing press and wholesale paper market
in the area all of which can be source of great fire hazard. Residential
houses are vulnerable due to gas stove (38.4%) and electric wire (15.84%).
Households with mixed use are mainly vulnerable due to plastic factory
(17.8%), chemical shop (16.59%), metal factory (2.8%) and gold ornament
factory (1.5%). 3.26% buildings have no fire source.
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Figure 15: Electric pole and . Figure 16: Narrow road within
transformer in front of building buildings

5. MAJOR FINDINGS

Severe fire incidents have occurred in ward 65. From the fire
vulnerability analysis it has been found that maximum numbers of buildings
of the study area are highly vulnerable (55.66%). Most of the highly fire
vulnerable buildings are located in Islambag Road. Buildings of Water
works Road and Lalbag area are less vulnerable because of being residential
areas with mixed commercial use.

27.27% critical facility was found to be within the highly fire
vulnerable areas. Most of these facilities (63.64%) are situated in the low
risk zone. So critical facilities of the study area are moderately vulnerable to
fire.

Population density in the high risk zone is high and the area consists
of plastic recycling and processing industries. In these factories generally
woman and child labors work. So it can be said that the area is socially
vulnerable to fire hazard.

Most of the buildings of the study area have different kind of
economic activities. Only 36.9% buildings are residential with no economic
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activity. 20.22% buildings have plastic manufacturing and processing
industries which is highly vulnerable to fire hazard.

Most of the buildings (41.82%) have 3 feet wide staircase. 18.55%
households have only 0-5 feet roads in front of their houses which is
inaccessible for fire truck. Besides, electric pole is located in front of
13.51% buildings and transformer is located in front of 11.37 % building.
96.74% buildings of the study area have different type of fire sources. In
this respect this community is vulnerable to fire hazard.

6. CONCLUSIONS

Urban fire incidents have been determined to have a high likelihood of
occurrence in our country. But no mentionable fire risk assessment has been
performed although fire hazard characterization information is available in
the Fire Service and Civil Defense (FSCD). In this study after conducting
vulnerability assessment using Community Vulnerability Assessment Tool
(CVAT), it is found that ward 65 is vulnerable to fire hazard. The land use
pattern of ward 65 indicates the possibility of this kind of hazard. The area
comprises of residential use as well as commercial and industrial uses like
plastic manufacturing and processing factory and chemical factory which
may induce massive fire. As being a mixed use residential area, the loss due
to fire may be catastrophic. To minimize the social and economic loss,
Mitigation Planning is required. A change in present land use pattern is
required. Chemical factory and plastic factory should be relocated. Road
network as well as staircase of building should be wider to evacuate the
community people. Community awareness should be raised. Although
CVAT has been applied in this small area of Dhaka city, it can be applied to
any type of hazard in any location of the country both at micro and macro
levels.
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ABSTRACT

From January to February in 2008, a 50-year snow disaster was occurred in
South China, and Chenzhou City, which is located in the southeast of Hunan
Province, became one of the hardest affected areas in this disaster. The paper
establishes pattern of urban snow disaster system based on the theory of regional
disaster system, which consist of factors concerning hazards, hazard-formative
environments and disaster affected bodies. The disaster chain is also drawn and
indicates that traffic system and lifeline system which are the primary disaster
affected bodies in urban areas are also the medium exacerbating damages. In this
case, the paper sets up a vulnerability assessment index framework mainly based
on traffic system, and applies it in Chenzhou City. The results of assessment
indicate that obvious geographical differences exist in the vulnerability of snow
disaster affected bodies. Furthermore, improved model involving meteorological
index is also used to assess the vulnerability of disaster affected bodies under
diverse hazardous conditions considering the dynamic characteristic of hazard-
formative environments. The data shows that the vulnerability of traffic system in
Chenzhou City obviously increases in 2008 winter compared with 2007.

Keywords: urban snow disaster system, disaster chain, vulnerability assessment
of lifeline, China.

1. INTRODUCTION

The 50-year snow disaster occurred from January to February in 2008, affected 17
provinces and more than 100 millions victims were affected in South China.
Chenzhou City, which is located in the south-east of Hunan Province, was one of
the hardest affected disaster areas. Over 4 millions victims were affected in this
city, and the constant snow led the city become an isolated island because of the
interruption of traffic and electricity system.

The problem of urban snow disaster has been increasingly prominent; however,
compared with other types of disasters, the research on urban snow disaster is
much fewer at present. Existing study of snow disaster is focused on climate
change and disaster prediction (Weisman, 1996; Onton, 2001) or the pollution
problem of urban snow remnants (Viklander, 1996; Engelhard and de Toffol,
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2007). Japan, as a high-urbanization and snowstorm-prone country, is more
mature in the field of urban snow disaster. Urano et al. (1987) studies the impact
of snow slide on urban area based on runoff characteristics; Tomabechi et al.
(1997) pointed out that snow damages caused by snowstorms are strongly
influenced by the wind velocity and temperature and snow disaster break out more
easily in Hokkaido than in the Hokuriku districts according to the survey from
1971 to 1990; Kaneda et al. (1997) focused on the evacuation facilities under the
situation of snow disaster; Sugimori and Sano (2002) set up the theory of urban
snow disposal system and applied it in Tokamachi. There are also some studies on
the evaluation of the damage of urban snow disaster, which mainly focus on the
extent of economic losses (Umemura et al., 1993) or the extent of buildings
affected snow pressure (Suzuki et al., 1991). Research on the vulnerability of
natural disasters in China began in the 1990s; however, the research was primarily
aimed at other types of disaster, such as drought (Sang and Shi, 1998), earthquake
(Xu et al., 2004), fog (Wang, 2004), etc. Hao et al. (2003) used the example of
pastoral areas of Inner Mongolia to assess the vulnerability of animal husbandry,
but the urban disaster affected bodies are completely different from the ones in
pastoral areas, and the evaluation model cannot directly be applied in urban areas.

As stated above, the damage of urban snow disaster has been aggravated, while
the research on this problem is still little concerned about. In this situation, the
paper establishes the patterns of urban snow disaster system and disaster chain
based on the theory of regional disaster system(Shi, 1996). In addition, the paper
sets up the vulnerability assessment index framework mainly based on traffic
system, and applies them in Chenzhou City, so that to provide scientific basis for
disaster reduction decision-making.

2. URBAN SNOW DISASTER SYSTEM AND SNOW DISASTER CHAIN
2.1 Urban snow disaster system

Based on the theory of regional disaster system (Shi, 1996), urban snow disaster
system consists of hazards, hazard-formative environments and disaster affected
bodies (Figure 1). Hazards (H) mainly refer to the persistent large-scale snowfall.
Hazards factors include intensity (Hi), frequency (Hy), duration (H3), regional
range (H,) of the snowfall, snow depth (Hs), land surface temperature (Hg) and the
land surface slippery level (H7).

Hi, Hz, Hs, Ha, Hs, He, Hy... D1

D2
Enci, Enc,, Encs, Ency, D
Enps, Enp., Esty, Est,, Ests, 3
Espi, Espa, Esps, Esby, Esb,, D4
Ess,, Essy, Esss, Eer, Eery, Eers, Ds
Eei,, Eei,, Eeis, Eec ...

De
Sbl, sz, Sb3, Sfl, sz, St,, St,, Sts, Sll, Slz, S|3, S|4, S|5, S|5, Spl, sz, Sm1, Smy, Sms, SMy, Sgl, ng, Sh, Sa...

Figure 1: Urban snow disaster system
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Hazard-formative environments (E) include natural environment (En), social
environment (Es) and economic environment (Ee). Natural environment is
concerning with the climatic condition (Enc) and the topography condition (Enp):
the former involves average winter temperature (Enc,), winter precipitation (Enc,),
average annual humidity (Encs) and average annual wind velocity (Ency); the
latter contains slope (Enp;) and aspect (Enp,). In social environment, disaster is
mainly affected by traffic system (Est, Est;-Traffic density, Est,-Accessibility,
Ests-Distribution of street trees), urban population (Esp, Espi- Population size,
Esp.-Population density, Esps- percentage of vulnerable people), structures (Esb,
Esbi-Density of structures, Esb,- Constructions of structure) and administrative
measures (Ess, Essi-Disaster-related laws, Essp- Public awareness of disaster,
Esss-Scientific research on disaster reduction). Economic environment (Ee)
mainly refer to disaster preparedness (Eer, Eer;-Per capita GDP, Eer,- Industrial
output value, Eers-Relief supply reserves), inputs of disaster relief (Eel, Eei;-
Relief funding, Eei,-Relief supplies, Eeis-the number of labor input) and disaster
recovery capabilities (Eec). Urban snow disaster affected bodies (S) cover fixed
class and movable class (Table 1).

According to the theory of regional disaster system (Shi, 1996), Damage (D) is
the product from mutual combination of hazards, hazard-formative environments
and disaster affected bodies. In this urban snow disaster system, damage includes
traffic system damage (D;), human’s health damage (D), animals and plants’
health damage (Ds), lifeline system damage (D), residents stranded (Ds),
structures damage (Dg), etc.

Table 1: Classification of urban snow disaster affected bodies

Structures (Sh) Residing house (Sb;), Office(Sh,), Historical

relic (Shs)
Factories (Sf) Production line (Sf;), Industrial equipment (Sf)
Fixed Traffic system (St) | Highway (St;), Railway (St,), Airport(Sts)
Class Water supply pipes (Sl;), Drains piping (SI.),

Lifeline system (SI) | Cable (Sl;), Communication network (Sl,), Oil
and gas pipeline (Sls), Heating pipe (Slg)

Plants (Sp) Street tree (Sp,), Frost tree (Sp,)
Transport Aircraft (Smy), Train (Sm;), Car (Sms), Cycling
machinery(Sm) (Smy)

Mg;;astéle Flow of goods(Sg) | Transporting goods (Sg;), Storage of goods (Sg,)

Human being (Sh),
Animals (Sa) | "7

2.2 Urban snow disaster chain

In order to analyze the interaction among hazards, hazard-formative environments
and disaster affected bodies, the disaster chain is drawn. Disaster chain is a series
of disaster phenomenon caused by some hazard factors, and usually includes
serial disaster chain and simultaneous disaster chain. Urban snow disaster chain is
initially established by summarizing massive snow disaster cases the disaster
system theory (Figure 2).

Vulnerability assessment of snow disaster based on traffic system: A case study of
Chenzhou City in Hunan Province 105



October 2012, Ulaanbaatar, Mongolia

Predestrians
injured

Fire Structures Relics
collapsed | | damages Cables short-circuit
— Communication
Buidines
Water pipes and
Storm Structural < storage tanks frozen ’
[
damage

destroyed
‘ Gas pipelines frozen ’
simultaneous

Psychologi
cal impact
on citizens

4

Lifeline
damaged

Production lines Heating blocked
damaged

Traffic
accidents Mechanical
da@"ﬁ’e Inflation
Traffic sy- Facilities
SnOW Y destructed 4

Transport
Movement of / industry

"] stem damage

Traffic jams
. Trains and ‘
flights delayed \

simultaneous Help relieve

people blocked damaged

Ch — I Flow of goods /ol Warehousing
cmica Roads damage ‘ blocked damaged
substances for
snow melt Soil pollution \_. Insufficient | |
supply
cchanica Health damage of industry
failure . damaged
—» human, animal and
plant
damage

Figure 2: Urban snow disaster chain

From the disaster chain, the urban snow disaster is usually complicated by freeze
or storm, brings about a series of secondary disasters such as traffic jams,
structural damage, environmental pollution through chain reactions, in which the
damage of traffic system and lifeline system is the main cause to exacerbate and
enlarge the effects of disaster, blocking the flow of people, goods and information,
resulting in casualties and property losses.

3. VULNERABILITY ASSESSMENT INDEX FRAMEWORK OF SNOW
DISASTER BASED ON TRAFFIC SYSTEM

3.1 Vulnerability assessment model

Vulnerability assessment methods can be divided into two types: generalized
vulnerability assessment which evaluates the whole regional disaster system, and
special vulnerability assessment which only focuses on the sensitive extent of
human related social and economic system to hazard factors. This paper adopts
the generalized one proposed by Shi (2002), as follows (equation 1):

V.=V NVeEN Vst = f(H,E,p,4,h,t) 1)

In which Vge is the regional spatial and temporal vulnerability, Vg is the
vulnerability of hazard-formative environment, Vsr is the vulnerability of disaster

106 New Technologies for Urban Safety of Mega Cities in Asia



ICUS Report 65

affected body, H is the human system, E is the natural environment system, ¢ is
latitude, A is longitude, h is the height and t is the time (Shi, 2002). Considering
the dynamic characteristic of hazard-formative environments, the urban snow
disaster vulnerability assessment model is built up as follows (equation 2 and
equation 3):

A.  Vulnerability of traffic system under the same hazards condition:
Vs = z Ny XW,; (2)
In which Vs is the vulnerability of assessment unit k in the same hazard-formative

condition, Nj is the normalization value of the disaster affected body vulnerability
factor i in assessment unit k, W; is the corresponding weight of factor i.

B. Vulnerability of traffic system under the diverse hazards condition:

Vo =D Ny xW, > Hy, xW, (3)
In which Vp is the vulnerability of assessment unit k in the diverse hazard-
formative condition, Njx is the normalization value of the disaster affected body
vulnerability factor i in assessment unit k, Hix is the normalization value of the
hazard-formative environment vulnerability factor i in assessment unit k , W; is the
corresponding weight of factor i.

3.2 Vulnerability assessment index of snow disaster based on traffic system

3.2.1 Characteristics of urban traffic disaster affected body

Blaikie et al. (1994) point out that, the key of disaster mitigation is to reduce the
vulnerability and increase the resilience capacity of disaster affected bodies due to
the difficulty of changing hazard factors. As stated above, according to studies of
a great many snow disaster cases, urban snow disaster is exacerbated mainly
though the traffic system.Traffic system, which is one of the main disaster
affected bodies in urban snow disaster has the following attributes: (1) highway
develops fast but also enjoys larger blocking risk than regular roads, especially in
snowy and rainy conditions; (2) car traffic is more vulnerable compared to non-
motor vehicles or trans; (3) vulnerability of traffic system is closely related to
slope of the road: the higher the slope, the larger the wvulnerability; (4)
vulnerability of traffic system is positively related to the height: the bigger the
height, the lower the temperature, the higher the humidity, and the easier for the
road surfaces to form ice layer

3.2.2 Vulnerability assessment index

According to the attributes of traffic system as stated above, this paper builds up a
vulnerability assessment index framework of urban snow disaster where traffic
system is seem as the main disaster affected body. The vulnerability of traffic
system is mainly concerned with terrain, topography and traffic capacity. Under
some particular conditions such as rain or snow weather, the outage risk of
different types of roads should also be considered in the index framework. In
addition, according to different snowmelt rates in different aspects, the aspect
factor is also involved in the assessment. Follow the principles of importance,
comparability and quantitative assessment, five factors is selected: altitude (Al),
slope (Sr), aspect (As), regular traffic capacity (Ch), and outage probability (Rt).
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Firstly, altitude (Al) is negatively related to road surface temperature and thus the
high-altitude area is easily blocked due to snow thawing and accumulating.
Secondly, slope (Sr) directly influence the speeds or cars, the larger the road
gradients, the slower the cars run and the easier the traffic jam occurs, and in
special weather conditions, cars cannot even run in areas where slopes are too
large. Thirdly, aspect (As) of road is mainly related to the speed of snow melting.
Generally speaking, snow in sunny slope melt faster than those in shady slope,
while the half sunny, half shady slope thaws in a medium speed. Fourthly, regular
traffic capacity (Ch) is used to measure the transmitting ability of roads in each
grade without hazards. Transmitting ability, which is also named road capability
or traffic capability means the possible largest number of transmitting objects,
including cars or people, in certain position, roadway or fragment, in a time unit.
The transmitting ability is designed to be different for railroads or highways in
different grades. Lastly, outage probability (Rt) means the possible traffic control
that would results in disasters such as road and passenger blocking in special
weather conditions including snow and rain. Furthermore, as stated above, snow
disaster is mainly caused by the spatio-temporal difference effect of the hazards’
intensity and disaster affected body's vulnerability. Considering the dynamic
characteristics of hazard formative environment, the paper picks up winter
precipitation anomaly percentage (Pw) and winter temperature anomaly
percentage (Tw) to investigate the regional diversity of vulnerability under
different levels of hazards’ intensity.

3.3 Distribution and grading of vulnerability assessment index weights

The assignment of index weight uses the method combined of AHP(Analytical
hierarchy process) and expert making method. AHP is a decision-making methods
that combines qualitative and quantitative analysis. It is a process that models and
quantifies the decision-making person’s thinking process of a complex system.
The paper compares the related elements in the system, constructs the judgment
matrix based on relative importance, and then uses MATLAB programming to
calculate the weights. The results would be taken consistency test to ensure the
realism of evaluation thinking finally. The weight is shown in Table 2.

Table 2 Vulnerability assessment index and weight of urban snow disaster

Factor Assessment Index Symbol Weight
Vi1 V,
Altitude/m Al 0.2142 0.1273
Slope/% Sr 0.1211 0.0725
Vulnerability of regional Aspect/° As 0.0765 0.0462

disaster bearing body  Regular Traffic Capacity/

Ch 0.3892 0.2192
cars per hour

Outage Probability Rt 0.1990 0.1385
Intensity of Regional Winter Precipitation
Hazards Anomaly Percentage/% Pw 0.1273
Winter Temperature Tw -
Anomaly Percentage/% 0.2686

Note: V1 — the same hazard condition; V2 — diverse hazards condition.
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There still remains the problem of unify the dimensions during multi-index
modeling. Quantify and grade the above evaluation indexes to unify the
dimensions of variable indexes. The value of each grade is assured according to
analysis of a great many snow disaster cases. Take slope (SI) for example. Its
largest value recommended is 4% and the limitation is 6% when the car speed is
80km/h. While when the car runs at the speed of 20km/h the recommended largest
gradient is 8% and the limit is 9%. Besides, the designing standard of regular auto
vehicles limits its capable slope at the value of 15%. Therefore, the paper divides
slope into four grades: (1) 0% -4%; (2) 4%-8%); (3) 8%-15%; (4) more than 15%.

4. CASE STUDY IN CHENZHOU CITY

4.1 Overview of the study area

Chouzhou City, located in the southeast of Hunan Province, China, is a
mountainous area and the terrain of southeastern part is higher than the one of
northwest. The cold air is always easily accumulated in the foot of mountains,
while the warm air is strong in the high altitude area. The two flows of air are
gathered together to become “the Lanning Stationary Front”, which lead
Chenzhou to the frozen-prone area. The distribution map of aspect, elevation and
slope in Chenzhou is shown as Figure 3. The data of map is calculated using
ArcGIS based on DEM data (1: 250000 in 2007) and overlapped with district map.

[N ] 54 =

(1) aspect of slope (degree) (2) Elevation(m) (3) Slope(%)
Figure 3: The terrain condition of Chenzhou City

On the other hand, as an inland area with undeveloped water carriage, the main
connecting methods of Chenzhou with outside are railroads and trans-territory
roads. The traffic system of Chenzhou City has developed fast and its road
turnovers have been remaining a constant high growing speed. In the end of 2007,
the cargo turnovers of the urban roads reached 8970 million ton km, and its
passenger turnovers reached 3940 million person km. The road traffic supports the
flows of the whole area, and its influence on the urban disaster affected body in
snowy low-temperature weather is direct and huge. In the snow disaster occurred
in Jan.2008, road surfaces of highway in length of more than 80 km were covered
by ice, and approximately ten thousands of cars and people were blocked in
Chenzhou areas.
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4.2 Assessment results in Chenzhou City

According to the urban snow disaster vulnerability assessment model, the paper
assesses the vulnerability of the main traffic network in Chenzhou for
350m*350m grid as an evaluation unit. The maps use the super-scale to show the
roads, which is 10-50 times larger than the original roads. ArcGIS is used to do
grid computing, and the distribution map of vulnerability of Chenzhou city under
the same hazard condition is drawn. (see Figure 4).The map shows following facts
under the same hazard condition. Vulnerability of Chenzhou section of the
Beijing-Zhuhai expressway that above
0.3 is the highest in Chenzhou city and

'y
the maximum value is 0.360. The total %l '
length of roads whose vulnerability é L
above 0.3 in the whole area is 52.5 km, jf*

and the Guidong — Qingguangping part - i b i
of 106 State Road, Mangshan Farm }' ““*ﬁ.‘l Enfj—'j
section in Yizhang County, Tugiao — L 1 '

[

Yijiang section in Rucheng County and oy e e (\
Yangtoujiao — Shen-ao part in Zhixing | e
city belong to this high-vulnerability ;i'r"h’-q“‘nx_,-q_,!
interval. Minimum value in Chenzhou is 'E; =N

0.116, and total length of roads whose 5 2

vulnerability below 0.2 is 593.6 km. The =

vulnerability of lateral roads in

southwestern region is less than 0.2. - o o

Under the same hazard condition, the

average vulnerability of Chenzhou city ~ Figure 4: Vulnerability distribution of
is 0.210. traffic system under the same hazard

The distribution maps which under diverse hazards condition (data in 2007 and
2008 winter) are also made (Figure 5). Under diverse hazards condition, the
maximum value of vulnerability of all research area is 0.228 in 2007 winter, and
the region with the maximum value is Guidong —Chetouao section. The total
length of roads whose vulnerability above 0.2 is only 8.75 km. The vulnerabilities
of Chenzhou section of Beijing-Zhuhai expressway and Chenzhou-Zhixing
expressway, main roads in Rucheng County and Mangshan Farm section in
Yizhang County are at interval of 0.1-0.2, and the total length in this interval is
300.3 km. Vulnerabilities of roads in most of the southwestern region are less than
0.1, and the total length of roads whose vulnerability below 0.1 reaches 949.2 km,
up to 75.4 % of the total length of Chenzhou. The average vulnerability in 2007 is
0.074. In 2008 winter, due to the heavy rainfall and low-temperature, average
vulnerability of Chenzhou city obviously increases to 0.219. Max value regions
lie in Yizhang-Yongxing section of Beijing-Zhuhai expressway and Datang-
Qingguangping section in Guidong County, and the maximum value is 0.335. The
total length of roads whose vulnerability above 0.3 reaches 36.05 km. Except for
Guiyang County and Anren County which are located in southwest, the
vulnerability of main roads in other counties are all more than 0.3. The minimum
value of vulnerability in 2008 is 0.122, while the minimum in 2007 is just 0.007.
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a. 2007 winter b. 2008 winter
Figure 5: Vulnerability distribution of traffic system under diverse hazards

The assessment result of traffic system in Chenzhou city is shown in Table 3.The
results of assessment indicate that obvious geographical differences exist in the
vulnerability of snow disaster affected bodies. Firstly, vulnerability of Chenzhou
section of the Beijing-Zhuhai expressway is the highest in Chenzhou city, which
is due to its higher outage probability and higher traffic capacity. Secondly, the
southeastern counties are more vulnerable than the northwest region. This is
because the altitudes and slope in south eastern counties such as Gongdong
County and Rucheng County are higher than the ones in northwest, and the
aspects of roads in southeast are mainly ubac or half shady slope. Finally,
according to the snow disaster vulnerability dynamic process analysis, the
vulnerability of Chenzhou city had an obvious increase in 2008 winter compared
with that in 2007 winter. This is decided by the weather of low-temperature and
heavy rainfall.

Table 3: Vulnerability assessment results of traffic system in Chenzhou

Vulnerability distribution of traffic system

Hazards Percentage of the interval covers the
condition total length of roads (%) Max. Min. Average
0-0.1 0.1-02 0.2-03 0.3-04
V 0 46.11 49.81 4.08 0.360 0.116 0.210
V2 2007 7544  23.87 0.69 0 0.228 0.007 0.074
2008 O 35.47 61.66 2.87 0.335 0.122 0.219

5 SUMMARY AND CONCLUSION

The paper based on a large number of urban snow disaster cases, establishes urban
snow disaster system and urban snow disaster chain for the first time, which
reveals the mechanism of snow disaster and how it was affected by hazards,
hazard-formative environment and disaster affected body. The disaster chain
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indicates that the vulnerability of traffic system and the lifeline system is the main
respect to exacerbate the snow disaster. The vulnerability assessment index
system of urban snow disaster based on traffic system is set up for the first time.
The assignment of index weights uses the method combined of AHP and expert
rating, and then the paper builds up the urban snow disaster vulnerability
assessment model, which provides the foundation for evaluation. The paper
applies the vulnerability assessment model in Chenzhou city, Hunan, China. The
assessment results show that obvious geographical differences exist in the
vulnerability of snow disaster affected bodies, which mainly due to the
topography diversity. . According to the snow disaster vulnerability dynamic
process analysis, the vulnerability of Chenzhou city obvious increases in 2008
winter compared with 2007 winter, because of the weather of low-temperature
and heavy rainfall in 2008 winter.

For the reason of data acquisition difficulty, the paper is still insufficient in
vulnerability assessment of traffic system. The next step on this research is to
consider include the buffer zone of roads, its population density and economic
index. The evaluation objects will also be extended to urban lifeline systems and
structures to further improve urban snow disaster vulnerability assessment index
system, and to make it more applicable.
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ABSTRACT

The Mongolian Seismological Observatory was established in 1957 — the
International Year of Geophysics — with an analog seismic station (SKM-3) on the
foundation of our center (Research Center of Astronomy and Geophysics of
Mongolian Academy of Sciences - RCAG, MAS). The same year, the 4 December
1957, the strong Gobi-Altay earthquake occurred (Mw=8.1). It confirmed the
high seismic activity (three other events with magnitudes more than 8 occurred
the 1905/07/9, the 1905/07/23 and the 1931/08/10) and the hazard associated with
it in Mongolia despite this high activity, associated with India-Asia collision,
seems to be abnormally high during the XX century.

Seismic activity of Mongolia is associated with the deformation induced by the
world largest collision, the collision between India and Eurasia. Mongolia is
located at the tramsition between compressive structures associated to India-
Eurasian collision and extensive structures localized in north of the country as
Hovsgol area and Baykal rift Unlike earthquakes that occur along plate
boundaries, continental earthquakes are widely distributed over large regions and
typically have shallow depths, in the range of 10 to 25 km beneath the surface.
Major continental earthquakes usually occur along seismically active faults,
which individually have very long recurrence intervals (in the range of several
thousand years). Late Quaternary deformation in Mongolia is distributed over a
vast region, and includes a full spectrum of deformation styles and structural
orientations. At the north, the activity is dominated by the Baikal rift and the
Hovsgol, Busiingol and Darhad grabens with a transfer zone following the Tunka
Basin. At the west, the activity is related to the deformation of the Altai range,
characterized mainly by right lateral strike-slip motion. The occurrence and
distribution of strong earthquakes are related to these widespread and varied
styles of deformation.

Keywords: seismicity, seismic activity
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1. INTRODUCTION

Since 1957 is started instrumental seismological study in Mongolia. Mongolia has
experienced four major earthquakes (Ms>8) and many more moderate earthquakes
(Ms 5.3-7.5) in this century. The seismic activity in Mongolia is related to its
location between the compressive structures associated with the collision of the
Indian and Eurasia plate with the Eurasian plate on the one hand and the
extensional structure associated with the Baykal rift system on the other. The
historical records (1903 onward) of the seismicity in Mongolia show a high
concentration of seismic activity along the Mongolian-Altay, Gobi-Altay,
Khuvsgul Darkhad, Bolnay ranges and around Mogod east of Hangay mountain.

2. SEISMIC STATION NETWORK

In the Mongolian seismic station network has running renewed digital regional 9
seismic stations with one component short period seismometer, surrounding
Ulaanbaatar has working 5 telemetric digital stations. Since 2000, we have
installed 5 mini array with seismic, infrasound, radionuclide stations and in real
time to MNDC. And now has working 6 accelerographs, surrounding Ulaanbaatar
has working 3 accelerographs and in the west part of Mongolia has working 3
accelerographs. Data acquisition and interpretation of all stations are going on
Mongolian National Data Center of Research Center of Astronomy & Geophysics
of Mongolian Academy of Sciences (MNDC, RCAG, MAS). The quality of
research study is improving by influence of enlargement of seismic station
network with modern high sensibility seismic station and great seismic database.
(Figure.1)

Figure.l Seismic station network of the Mongolia
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3. SEISMIC ACTIVE ZONE OF MONGOLIA

Most events are located in the west and the north Mongolia as the Khuvsgul active
rifting zone and the Altay transpression zones. In the south Mongolia, the active is
concentrated near the Gobi-Altay zone. The center of Mongolia, the Hangai dome,
looks relatively a seismic and we can clearly track the boundary of the dome by its
seismic activity as at the north and east border of Hangai dome where are active
Bolnay and Mogod zones. South of Ulaanbaatar, at around 180-250 km, is a clear
EW seismic elongated zone near the Deren city. In the eastern part of Mongolia,
the seismic activity is low. (Figure.2)

Map of ; 1964 to 2012.7

Loragiuca 1r.|_:_:|

Figure.2 Seismic activity zone
Gobi-Altay

The Gobi-Altay zone is oriented EW active faults connected or parallel to the
Bogd fault which ruptured during the Govi-Altay earthquake (4 December 1957)
with Mw=8.1 and 270 km of surface rupture. They are all oriented EW, associated
to left lateral strike-slip with a small reverse component. The geodynamic
behavior of all this area is considered homogeneous. The eastern end has been
defining where there is no any large known structure (more then 100 km long) and
where the EW morphology of the Gobi-Altay range disappears. We extended the
zone to the east of Dalanzadgad by 150 km. Bayasgalan et al., (1999) showed that
the end of large strike-slip faults often turn and are associated with thrust faulting.
The Unegtei and the Buuryn Hyar active faults are most likely the eastern limit of
Gurvan Saihan faults zone. Nevertheless, we extended the eastern limit of the
Gobi Altay zone more to the east in order to assure that large Gurvan Saihan
strike-slip faults zone is taken into consideration.
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Bolnay

The Bolnay zone lies between Hangai Dome and Khuvsgul extensional zone.
From geological and seismotectonic data, the left lateral strike-slip fault is
predominant. In this zone occurred two large earthquakes, Tsetserleg earthquake
(July 9 1905) with Mw=8.0 and 190 km of surface ruptures and the Bolnay
earthquake with Mw=8.3 and 455 km of surface ruptures (Schlupp 1996). The
seismicity seems connect the Tsetserleg fault with the Busiin-Gol rifting. The
seismicity recorded along Bolnay fault is more concentrated in the middle of the
structure.

Hangay

Khuvsgul and Busiin-Gol zone is one of extension zone. The area produces high
seismic activity and the largest earthquake occurred on 27th December, 1991,
called Busiin-Gol, with magnitude of Mw=6.5. The seismicity of Khuvsgul zone
is complex. There are three seismic NS basins: Busiin-Gol, Darhad and Khuvsgul
lake area. Most of epicenters are concentrated in the Busiin-Gol zone connected
with the Sayan active zone to the west and the Baikal active rifting zone to the NE.

Mogod

The Mogod zone is oriented NS with right lateral active faulting. On the 5th
January, 1967 a large earthquake occurred with Mw=7.2 and produced more than
45 km of surface rupture (Bayasgalan, 1999). Mogod zone shows a local high
concentration of earthquakes.

Ulaanbaatar

Ulaanbaatar seismotectonic zone contains a large and wide topography, clearly
different from adjacent zone. The main orientation of this smoothed relief is N30.
The geodynamic behavior seems to be related with some recent general uplift as
indicated by several rivers incising the relief. We include into this zone the
seismic active area of Deren where took place a recent event felt at Ulaanbaatar
(Mw=5.6, 1998/09/24; Ms=5.2, 2010/01/09;). This zone is located around 180 km
south from Ulaanbaatar city. The seismic acvity Deren zone is oriented EW.

4. SEISMICITY

The map of “One century of seismicity in Mongolia 1900 - 20007, published by
RCAG in collaboration with DASE, displays the known seismic activity of the
whole Mongolia during the XX century and shows several characteristics of the
area. (Figure.3) We collected three kinds of seismic data: international published
data (before 1964), seismic data recorded by the Mongolian seismic network
consisting in 10 analogical seismic stations (1964-2000) and completed since
1994 by several digital telemetric stations widespread around Ulaanbaatar city and
in western Mongolia.
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The largest known historical earthquakes in Mongolia area was the 10 August
1931, 09 and 23 July, and 04 December 1957 which are called Mongol-Altai (Fu-
Yun), Bulnai, Tsetserleg and Gobi-Altay earthquakes whose size (estimated
moment magnitudes more than 8) and location (somewhere in western Mongolia)
The largest instrumentally recorded natural earthquake in Mongolia was a
magnitude 7.0 in 05th January, 1967; Tsagaan shiveet 1970, magnitude 7.0;
Tahiin-Shar 1974, magnitude 6.7; Buteel 1989, magnitude 5.6; Busiin-Gol 1991,
magnitude 6.5; Deren 1998, magnitude 5.6.

ONE CENTURY ©F SEISMICTTY IN MONGOLIA ¢ 1908 . 2008 §

Figure.3 Seismicity of Mongolia (1964-2000 M1 >2.5)

Since 2000, moderate earthquakes occurred Chuya 2003, magnitude 7.3; Bogd
2006, magnitude 5.8; Tushig 2006, magnitude 5.2; Gobi-Altay 2007, magnitude
5.4; Bayanteeg 2009, magnitude 5.15; Deren 2010, magnitude 5.0; Govi-Altay
2011, magnitude 5.19; Bayantsagaan 2011, magnitude 5.2; Khankhnogor 2011,
magnitude 5.8; Nomgon 2012, magnitude 5.1; Fu-Yun 2012, magnitude 5.4.
(Figure.4)
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Figure.4 Seismicity of Mongolia (2001-2012.07 M1 >2.5)
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The Figure.5 shows Gutenberg-Richter relation calculated magnitude between
1900 to 2012.07. We can obtained a=6.07 and b=0.678 for magnitude. This low
value of b is consistent with relatively high number of large earthquakes and
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Figure.5 Gutenberg-Richter relation using magnitude between 1900 to 2012.07.

From 1900 to 1963 are reported more than 300 earthquake, with magnitude 3.5
and 8.2 including four large events. The Figure.6 shows the maximum magnitude
distribution with time. (1902-2012.07)
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Figure.6 Distribution of the magnitude and time in Mongolia (1902-2012.07)

The Figure.7 shows the cumulative number of events function of time. We can see
the increasing of detected event starting from 1994, when our network upgraded.
The increasing in 1991, 2003 are related to the numerous aftershock related to the
magnitude 6.5 event.

Figure.7 Cumulative number of events time (1902-2012.07)
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ABSTRACT

The main active faults near the capital of Mongolia, Ulaanbaatar with about 1.2 M inhabitants, are
located at less than 20 km and could produce large earthquakes with magnitude up to 7.5. This active
fault can produce ground motion intensity VII-IX at the Ulaanbaatar basin area. Another hand the city
is built on a sedimentary basin, of a thickness up to 100 meters, which may generate site effects. To
guantify their impact on the amplitude and the duration of the ground motion, according to the
frequency, | used weak motion, at 32 sites, and ambient noise records, at 104 sites. For that, | applied
horizontal to vertical (HV) and sedimentary to rock site (SSR) spectral ratio. An analysis of the
reliability of the results shows that the HV ratio amplitude varies in relation to the noise level and that
when thereis a particular local noise source the amplified frequency polarizesitself perpendicularly to
the source direction.

A velocity structure of the basin, determined by 3 microtremor array measurements, and a 3D digital
model of the basin were used to produce 1D and 2D simulations. The amplified frequency (HV) is well
explained by the 1D simulation but the shape of the peak (SSR) fits better with the 2D simulation. At
the end amplified frequency zoning deduced from observation and theoretical calculation results.
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ABSTRACT

Government of Mongolia and government of Ulaanbaatar city are promoting
Earthquake Disaster Management in Ulaanbaatar city since several active faults
near Ulaanbaatar city were found recently. In this paper, Project titled as
“CAPACITY BUILDING OF SEISMIC DISASTER RISK MANAGEMENT IN
ULAANBAATAR CITY”” which is now implementing as by JICA is introduced. The
Project consists of Earthquake Risk Assessment in UB city, Building Construction
Guideline, Urban planning for safer city and Earthquake disaster education.

Keywords: Mongolia, earthquake, risk management, risk map, education

1. INTRODUCTION

In UB, the capital of Mongolia, the number of unfelt earthquakes has been
increasing since 2005; especially its trend has been more obvious after 2009. A
French research institute pointed out in 2010 that UB City and its suburbs are
surrounded by 4 faults including newly discovered ones which might cause the
earthquakes of Magnitude 7 (M7) level. Also according to the 2000 simulation by
National Academy of Mongolia, it is predicted that approximately 300 buildings
and 60,000 citizens would be affected if the M7 level earthquake hits UB City.

2. PROJECT OUTLINE

2.1 Objectives
To strengthen the capacity for seismic disaster risk management in UB City and to
transfer relevant skills and technologies to personnel concerned with the Project

2.2 Remarkable Outcomes

Followings are outcomes of this project;

- Formulation of integrated seismic risk map for UB,

- Reuvision of regional seismic disaster risk management plan,

- Preparation of the draft construction guideline for middle-high storied building
considering seismic disaster risk resilient urban development, and,

- Capacity development of the relevant authorities and citizens in seismic
disaster risk management.

2.3 Project Implementation Policy

125



October 2012, Ulaanbaatar, Mongolia

Eleven policies listed below are employed in conducting the project;

- Maximum utilization of existing technology in Mongolia,

- Formulation of achievable seismic disaster risk management plan,

- Utilization of ground motion Intensity map by Mongolia Academy of Science,

- Proposal of early warning system utilizing existing infrastructures,

- Establishment of scenario earthquakes,

- Enhancement of ownership by participation of CPs and promotion of close
cooperation among relevant organizations,

- Importance of capacity development and implementation of capacity
assessment,

- Fulfilling publicity activities utilizing media such as TV, Radio and Internet,

- Importance of emergency drill and education at schools,

- Seismic Risk Mitigation Awareness Campaign in UB City, and,

- Establishment of SC and WG

2.4 Project Schedule
Figure 1 shows the brief schedule of the project.

1% Field Survey 2" Field Survey 3" and 4" Field Survey
2012.03-2012.07 2012.08-2012.12 2013.01-2013.06
| Hazard Analysis |~»| Risk Assessment | »| Awareness Campaign |

e Fault Identification
e Ground Survey

| Building Vulnerability | | Risk Mapping | Building Guideline |
e Field Survey
e Material Testing —>| Disaster Mngt. Planning I
| Infra Vulnerability |— | Existing Planning | —>| Capacity Building I
e Field Survey

Figure 1 Project Schedule

3. OBJECTIVE AND METHODOLOGY
3.1 Risk Evaluation

3.1.1 Earthquake Scenario
Two scenarios are employed in this project; (1) ground motion by Hustai Faults,
and (2) larger ground motion by Emeelt Fault or Gunjiin Fault. The former
corresponding to the current ground motion intensity in UB, and the latter is
employed as the worst case.

The characteristics of the faults are summarized in Table 1 with moment
magnitude Mw estimated from the size of the fault. Also, Locations of the faults
are shown in Fig.1.
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Table 1 Characteristics of faults

Hustai Fault Emeelt Fault Gunjiin Fault
Extending to southwest southwest 15 km from Extending to northeast
Location from about 30 km Ulaanbaatar city fr_om 5km northeast

southwest from central distance from Ulaanbaatar
Ulaanbaatar city city

Strike NE-SW NW-SE NE-SW

Dip SE NE unknown
Length 80 km About 30 km 15-20 km

Figure 2 Locations of faults

3.1.2 Ground Motion Estimation

The empirical method that gives the stable results are employed to estimate

ground motion parameters at given location. The formula by Kanno et al. (2006)

is selected for the following reasons;

- It gives peak ground acceleration almost identical to the one used in the
existing seismic hazard map,

- It evaluate not only peak ground acceleration but also peak ground velocity and
spectral acceleration, which are compatible to the risk assessment of buildings
and infra-structures, and,

- Amplification effects of surface soil can be considered by the parameter of
AVS30 that is the mean shear wave velocity of the surface soil up to the 30m
depth.

3.1.3 Surface Soil Survey

For grapes the ground condition of the study area, we plan to conduct boring
survey with standard penetration test and PS logging, surface wave survey,
microtremor measurement. Considering existing boring points and ground
conditions, we planned surveying points shown as in Figure 3. However, about
the satellite districts, for check ground conditions in residential area, we set the
survey points shown as figure 4.
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Figure 3 Survey point in Central UB Figure 4 Survey point in satellite districts

The boring points and geophysical surveying points maybe changed depending on
the results of permission from authorities and owner.

3.1.4 Expected Outcome

Comprehensive risk seismic hazard maps are provided, by which the existing
disaster prevention/reduction planning will be reviewed appropriately. Also
relevant techniques and knowledge are transferred to CPs. Figures 5 and 6 show
the tentative results, which will be modified after completion of ground survey.
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Figure 5 Distribution of AVS30 Figure 6 Distribution of PGV by Emeelt Fault

3.2 Seismic Capacity of Buildings

Damage of building is estimated by comparing the deformation under seismic
loading and allowable deformation. Among various methods to estimate
deformation are proposed, such as static push-over analysis or dynamic response
analysis, employed is the method recently proposed in Japan to check the ultimate
capacity of building.

3.2.1 Methodology
Given the scenario earthquake, spectral acceleration at a site is calculated and is
converted to the complex spectrum, which shows the relationship between
spectral displacement Sp and spectral acceleration Sa. The conversion is based on
the following formula,

SA:COZSD,
where, o is circular frequency and is derived from natural period.
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On the other hand, building is modeled as an equivalent single freedom system
with nonlinear displacement-force relationship called as a skeleton curve.
Dividing force by mass, the skeleton curve is converted to the relationship
between displacement and acceleration, so that this relationship can be overlaid on
the complex spectrum.

An intersection point shows the displacement and acceleration of the building
under the earthquake loading. It is noted that the complex spectrum may be
modified reflecting the increment of damping due to non-elastic behavior. The
outline of the ultimate capacity design is illustrated in Fig. 7.

Structure Equivalent Skelton Curve Converted
SDOF Model Q Acc.  Skelton Curve

l E Disp. b Disp.

A(‘:C Modification of complex

Spec. due to Inelastic
Sa Spectrum Complex Effect
ACC., ACC, Spectrum [C
\/\—fk~ T Disp. Disp.
Response

Figure 7 Outline of ultimate capacity design

3.2.2 Expected Outcome

UB city will be able to establish appropriate earthquake disaster management plan
and urban plan to reduce earthquake damage by utilizing earthquake risk
evaluation. Also relevant techniques and knowledge are transferred to CPs.

3.3 Fire Risk of Gel Area

3.3.1 Introduction

The population in UB city has rapidly increased from 0.65 million to 1.22 in 2012.
As it is not easy to supply houses for half of million new residents only in about
decade, residential area is expanded to the suburbs of UB city and most of them
lives in traditional Ger. Ger is made of wood and cloth with coal stove. According
rapid expand of Ger area, there is no city planning to construct road as well as
water supply system, sewage system except electric power supply in the area.

3.3.2 Methodology

Fire risk should be considered high in Ger area in this situation. To identify the
risk in Ger area should be divided to risk of fire break and risk of fire spread. Not
only Ger but also wooden houses and brick or concrete made houses are
increasing in Ger area.
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Figure 8 Ger area near center

Figure 9 Ger area in suburb

3.3.2.1 Fire Break Risk

Fire break risk is based on method developed by Tokyo Fire Department.

- Total number of fire break is sum of fire from collapsed house and fire from
facilities using fire.

- Number of fire break from collapsed houses is sum of fire from electric
equipment and fires from electric line.

- Fire break possibility of each case is used past statistic data developed by
Tokyo Fire Department because of no statistical data in Mongolia.

3.3.2.2 Fire Spread Risk

There are several fire spread risk methods. Among them, Fire Spread Cruster
Method which developed by Tokyo Fire Department is used. This method is to
identify area (cruster) which will be burned by one fire.

3.3.3 Expected Outcome

UB city will be able to establish appropriate earthquake disaster management plan
and urban plan to reduce earthquake fire damage by utilizing earthquake fire risk
evaluation.

3.4 Disaster Education

3.4.1 Background

In 2010, NEMA and ADRC cooperated in conducting the disaster reduction
related seminar and the emergency drill for teachers and students in 2 schools in
UB City according to Japan cabinet office project "Transfer of Japanese Disaster
Reduction Related Technique". This activity consisting of lectures and game-like
drills obtained good reputations from both NEMA and schools' teachers and
students, so the activity is recognized as an effective way to increase citizens'
sense of danger.

In this project, JICA project team and UB city are planning to conduct "Seismic
Risk Mitigation Awareness Campaign™ in UB.

At first, project team conducted evacuation drill and disaster prevention workshop
during the Japan-Mongolia Joint Seminar on Preparedness and Mitigation to the
Seismic Disaster on March 2012 in Mongolia.
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3.4.2 Methodology

The working group (WG) of disaster education, consist of JICA project team and
UB city, are planning to have a workshop (WS) on 17-18 September 2012 for
more discussion and sharing information. It is a part of preparation of "Seismic
Risk Mitigation Awareness Campaign” on June 2013. In this WS, we'll have some
lectures and technical discussions of disaster education structure for effective
outcome, and also have some demonstrations of disaster education program for
better understanding.

i 'I'I_F- i,

- e . L §
” Performed on Feb. 2011 in UB City

Figure 10 Activities of “lza-Kaeru Caravan

One of the disaster education program which the Campaign will be based on, is
the "lza-Kaeru Caravan™, the new style emergency drill conducted at 2 schools in
UB City by ADRC in 2011.

"lza-Kaeru Caravan" is a game-like emergency drill, through which people can
learn a variety of knowledge and techniques related to disaster management with
fun. This drill was developed by Plua-arts, the NPO, aiming more attendance of
the generations not interested in emergency drills. This activity has already been
incorporated in JICA Hyogo Center and was successfully introduced to Indonesia,
Guatemala, El Salvador and Costa Rica. This activity also had a good reputation
from teachers and students in the implementation in Mongolia in Feb. 2011 with
recognition as an effective tool to increase citizens' sense of crises, and is how
examined its development in Mongolia, so such a situation is duly considered in
the Project.
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The WG estimates 200 participants in the drill with examination of the method of
recruitment. Cooperation with other events such as local festivals will also be
examined.

WS combined with the trainers training of local staffs are implemented to
incorporate the local needs and to develop the facilitators for the Campaign to be
held in 2013. Preparation for the Campaign is also done by the developed
facilitators.

3.4.3 Expected Outcome
The mechanism of earthquake and necessary preparations will be recognized to
the participants of the Campaign.

UB city will be able to conduct disaster education in local level by utilizing
disaster education tool developed in this project.

Schools will be able to conduct disaster drill and training to school children by
utilizing disaster education tool developed in this project.

REFERENCES

Activities for communities, 9 May 2011, Asian Disaster Reduction Center,The
report of “Project on Transfer of Disaster Management Measures of
Japan to Enhance DRR Capacity in Asia 20107, Mar. 2011, Urban
Disaster Research Institute

Amornthip P., Research Paper, Study on Dissemination of Disaster Prevention

Kanno T. et al., A New Attenuation Relation for Strong Ground Motion in Japan
Based on Recorded Data, Bull. of the Seismological Society of
America, Vol.96, No.3, pp.879-897, June 2006.

132 New Technologies for Urban Safety of Mega Cities in Asia



Evaluation of managed aquifer recharge
methods to increase the groundwater
resources for water supply UB City

and flow control Tuul river

Narantsogtyn NASANBAYAR

Lecturer, Hydraulics and Hydro construction, EED, SCEA, MUST, Mongolia
nnasan_4@yahoo.com

ABSTRACT

Ulaanbaatar as the capital city of Mongolia is the primary hub for
commerce and industry and generates nearly 70 percent of Gross National
Product (GNP). More than a million inhabitants, 20,000 factories and businesses,
400 hectares of irrigated farms, 330,000 livestock and 3 power plants in
Ulaanbaatar rely on water supplied from Tuul river.

Research objectives are to find the suitable methods of artificial ground
water recharge for the Mongolian harsh continental weather conditions, aquifer
recharge management possibilities like aquifer infiltration from precipitation and
surface flow during wet seasons summer and autumn collect groundwater in
artificial recharged aquifer, aquifer storage possibilities of surface water by
infiltration in flooding season in order to use in low flow period like winter and
spring, also increase or decrease of ground water resources by pumping from
aquifer during the winter cold season to make ice storage in order to reflowing
river by melting in dry season March and April where Tuul river doesn’t flow,
research surface water evaporation in winter season and absorbing smoke in air
decrease it by snowing.

Keywords: Managed Aquifer recharge, basin, injection well, flood, humidity

Introduction

Ulaanbaatar’s current and future water supply options depend wholly on
the Tuul river. To date the city has been supplied deep wells that draw on
groundwater sources from an unconfined aquifer that runs along the bed of the
river or on exploiting additional alluvial- proluvial deposits from the Tuul’s
tributaries.

Ulaanbaatar’s water supplies are extracted from deep wells, located in 4
sites: the “upper source” just below the confluence of the Terelj and Tuul Rivers
in the upper basin, and 3 sources in the city itself “central”, “industrial”, and
“meat factory” . Ground water is the only source of drinking water supply capital
city of Mongolia.

The under groundwater sources for water supply of Ulaanbaatar city monitored in
4 points. Every year in February, March and April ground water table drink water
sources decrease to minimum 14-15m from surface, in June, July and August
reach to highest level 2-3m deep from earth surface. The data’s from Ulaanbaatar
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water supply groundwater monitoring stations at upper source, shows that ground
water table decrease every year.

The data shows ground water table level decrease 2.7m from the year 2001 to
2008 .

Ground water abstraction is expected to increase in the future because of
expected population growth, and industrial development in the city. Due to
possible increase in temperature caused by climatic change, evaporation is also
expected to increase. All these effects may lead to a lower ground water recharge
and a reduction of sustainable ground water resources availability.

Groundwater tables in Ulaanbaatar have been showing a marked decline
over the last 50 years. Water is being abstracted faster than the rate of recharge.
As the city grows and water demand increases, this problem is intensifying.
According to government figures, water use is estimated at 212,000 cubic meters
per day and is predicted to reach 286,000 cubic meters in 2010, 438,000 cubic
meters in 2020, and 708,000 cubic meters by 2050.

Graph 1 Water Demand Projections

/ The study on water supply system in Ulaanbaatar and surroundings /1993-1995, JICA/

Seasonal water shortages are growing even more common, and various
studies warn that sometime within the next 10 years the city will be facing a
critical shortfall in water availability.

Water supply every days is increasing with the development of city,
industries and growth population but ground water source is decreasing by the
climate change and last decade year flow of TUUL river during the every spring
in March and April come off or doesn’t flow. Therefore, we need decide this
problem by building complex of hydraulic structures, flow control and build some
artificial groundwater recharge systems like drainage or flooding area near drink
water extraction wells.
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Main Part.
1.1 The Managed Aquifer Recharging methods.

The Artificial underground water resource recharging for water supply has
significant role for decision problems for human life condition development.
Recharge occurs both naturally (through the water cycle) and
anthropologically (i.e., "artificial groundwater recharge"), where rainwater and or
reclaimed water is routed to the subsurface.
Groundwater is recharged naturally by rain and snow melt and to a smaller extent
by surface water (rivers and lakes).
The Artificial Recharging Ground water Recourses or Managed Aquifer
Recharge is a engineering and technical complex provision for building new
reserve of fresh water resources cohering and combining its natural ground
water alimentation of surface water. Recharge refers to the replenishment
of an aquifer's groundwater. An aquifer is a layer of underground sand,
gravel or spongy rock where water collects. Groundwater recharge or deep
drainage or deep percolation is a hydrologic process where water moves
downward from surface water to groundwater. This process usually occurs
in the vadose zone below plant roots and is often expressed as a flux to the
water table surface.
This method has economical benefits for drinking water supply system
constructing and utilization expenditure, because reduce water supply system and
transport capital and shortening constructing term. This method useful for
constructing new water intake abstraction structure and improving water
extraction structure.
Main structure of Artificial Recharging ground water resources is a spreading
structure.
There are 2 types of percolation structure:
1. Surface spreading structure. Recharge basin, spreading channel and
flood area
2. Subsurface spreading structure. Injection well, Filtration bore and
shaft
Surface spreading methods require extensive land areas, permeable surface
materials with high vertical permeability, periodic maintenance to prevent
clogging, and little or no water retreatment (Kimrey, 1989). On the other hand,
high evaporation losses and groundwater vulnerability to surface contamination
make these methods inapplicable for nearby land use. In the case of subsurface
spreading, evaporation losses and required land area are minimized but initial
costs are increased. Besides, it is difficult to clean these structures (Reddy, 2008).
Disadvantage of surface recharge structure are that is occupying large area
of intake structure, and dependence of natural climate condition is more therefore
in cold season covering with ice has bad air change. Therefore temporary work
out in short cold season area or warm land is applicable.

1.2 Direct Injection

Another method of artificial recharge is direct injection. Recharge wells
and aquifer storage and recovery (ASR) wells are examples of direct injection
methods, where water is injected into the aquifer (Philiphs, 2003). Figure 2.2
shows examples of both recharge and ASR wells. The recharge well and its
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purpose were briefly described with equations derived from idealized boundary
and permeability conditions by Thiem (1923). Simpson (1948) described the
factors affecting recharge rates in wells. Dewey (1933) summarized the conditions
where recharge wells can be used successfully.

Subsurface spreading structures can be used to protect from becoming
salty and polluting aquifer in operation, cool industrial apparatus, re-use
underground water using air conditioning equipment many times and flow
transferring water to the aquifer in operation from stratum with adequate watering
in water intake with low productivity of industrial and household water supply.
But it must be transferred from aquifer with water of high quality. It is impossible
to use this method in permafrost grounds or long term frozen grounds in winter
and autumn.

Table 1. Advantages and disadvantages of artificial recharge methods.

WATER SPREADING METHODS DIRECT
SURFACE SUBSURFACE INJECTION
SPREADING SPREADING
METHODS
METHODS METHODS
e Initial low capital | e Used where surface |e Used where vertical
cost layers of low permeability is
% e Simple permeability limited
% maintenange precludg surface e Occupy small
= e Low operation and infiltration surface areas
<ZC maintenance costs | ® Co-exists with e Fit in most land
E Etslézr surface urban patterns
< L e Utilize existing
¢ Mmlmlz? water supply
evaporation losses infrastructures
< Require: e Higher initial  High:
» Near surface capital cost » Capital cost
aquifer e Limited aerial > Energy
» Permeable soil ex.tend requirements
E’j profile with high y r[r)llaflfri;;ﬁ to clean/ » Operation and
% vertical permeability maintenance costs
; » Frequent % Require:
;ﬂ maintenance to » Frequent pumping
a prevent clogging to remove clogging
< o . . .
2 ¢ High evaporation »  Pretreatment prior
= losses and to recharge
groundwater
vulnerability to
surface contamination
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1.3 Underground Dam

Underground dams are also considered as an artificial recharge method,
which prevent groundwater flow and store water beneath the ground (Nilsson,
1988). They are used where surface storage becomes impractical owing to high
evaporation rates, reservoir siltation, pollution risks, etc (Boochs and Billib, 1994).
efficiency and simplicity has revived interest (Foster and Tuinhof, 2004).

Detailed information about physical conditions, design and construction of
underground dams are given by Nilsson (1988). Underground dams are usually
constructed in arid regions, where irregular rainfall is observed. Well defined and
narrow valleys, natural dikes are preferred for locating underground dams. In
hydrogeological point of view, the river beds consisting of sand and gravel are
considered as best localities, where suitable storage and flow characteristics are
observed.

Research purpose:

“Management of Aquifer recharge” is known in Mongolia as well as but
we are lacking of experience and practice in this field of work.

Purpose and Scope:

* Provide information for future improvement in solving the water supply
related issues in Ulaanbaatar to find simple, low needed capital costs,
cheapest and reliable method.

* Research the balance between consumption and recharge in order to
develop strategies to solve water shortages using managed aquifer
recharge.

* Study the feasibility of flow control methods to eliminate discontinuance
Tuul river in dry season.

* Research humidity and evaporation from water storage in winter cold
season to absorbing smoke Ulaanbaatar city decrease air pollution by
snowing.

Research Objectives:

Due to over purposes in the Ulaanbaatar water supply Central source must

study following researches:

1. Research aquifer storage possibilities of surface water by infiltration in
flooding season in order to use in low flow period like winter.

2. Research aquifer recharge management possibilities, also increase or
decrease of ground water resources by artificial recharging during the
winter cold season

3. Research aquifer infiltration from precipitation and during wet seasons.
building artificial recharge basin to study percolation of monitoring of
underground water flux control in Mongolian weather condition.

4. In winter cold season making ice storage by pumping ground water from
artificial sources in order to using reflow river flow by melting in dry
season in March and April.

5. Research the balance between consumption and recharge in order to
develop strategies to solve water shortages using managed aquifer
recharge.

6. Determine the most suitable and efficient method of Injection wells or
Recharge basins in Mongolian extreme weather conditions.

7. Making fog from artificial water storages and search air pollution
decreasing by humidity in winter season.
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2. Managed Aquifer Recharge water sources.

2.1 Central source upper side A zone.

The drinking water supply system Central source of the city Ulaanbaatar
was put into operation in year 1959. Drinking water extraction comes from 93
ground water wells with deep well pumps, 7 booster pumping station. The
capacity of source reserve is 114000 m3/day, nowadays water extraction 87-90

tousand.m3/day from 70-80 wells supply to capital city.
/The report of feasibility study of Multi purpose dam on the Tuul river
“MONHYDROCONSTRUCTION” LLC 17p/

The research work will be conducted through central source branching Tuul
river near Gachuurt, derivate flowing into the old river channel, making
percolation channel, recharge basin and injection funnel well and using methods
to increase water resource. It includes of digging channel to take water in the river
bench, flowing into the river channel, building earth dam and flowing into the old
channel.

Figure-1. Derivation area Gachuurt of Tuul river side.

Figure-2 Central source Gachuurt-Uliastai /Google Earth/

Channel will be digged in the bench of river bank from the upper side of the
Central source or lower part of Mongol shiltgeen near Gachuurt and water will be
derivate flown into the old channel. In order to flow by the old channel additional
embankments will be built in three places to flow into the currently existing
channel of old river channel. Also water abstraction structures will be made in two
places of currently existing embankment. In this way water will be brought by the
old channel into the initial operating wells of the Central source and discharged
water by the water abstraction structure under the embankment

1. will be given to the recharge basins through stream channel

2. plain between wells located in the part of Tuul river will be flooded

3. water will be given by the subsurface spreading well funnel shaft into
wells located upper percolation channel.
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Figure-3. Variant of Managed Aquifer Recharge /MAR/ in Central source
upper side of Ulaanbaatar water supply system. /Google Earth/

Figure-4. Perimeter and square measuring of flooding area. /Google Earth/
In this area flooding field perimeter 5678m, flooding square 949285m? or 95
hectare. Flooding area water storage capacity 189651m’ or 1.9 million.m’.

In the Khujirbulan side from Gachuurt to Bayanzurkh Bridge of Central
source has 20-30 thousand.m’/day, 600-900 thousand.m3/month available
dynamic reserve. Available storage capacity of flooding area 189651m” it’s enable
to alimentation by melting ice storage in low flow months March and April when
make ice storage in cold winter times through pumping artificial resources of
underground water.

2.2 Central source B zone.

In Central source area down side for water supply UB city will be built
surface spreading recharge basin, injection well, funnel shaft, flooding area,
underground dam combined with National Garden Park construction .
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2.3 Industrial source recharge methods.

Flow of Selbe and Tuul rivers and water resource will be used to take
measures to artificially increase underground water resource in the Water supply
industrial part. In order to do it underground water resource will be increased
through flowing water by derivation channels to the operating injection wells by
water volume of industries or 3rd and 4th power planets and infiltrating it. Water
will be intake from the bench of Selbe river on the northern west part of the 3rd
power planet by the derivation channel and brought into water supply wells of the
power plant and water will be brought by the percolation channels into the
recharge basins and each well.

Figure-5. The version of artificial recharging ground water Industrial zone
water supply wells through derivation channel, recharge basins. /Google Earth/
Let’s choose cheap and economically efficient version to derivate flow of
Selbe river in order to be flooded in the square enclosed by embankments of water
supply of 3rd and 4th power plants to protect from flood.

Picture-6. The flooded area version of Industrial water supply wells. /Google
Earth/

The Industrial source for water supply was established 1961 operating 16
deep water pumping wells, 4 booster pumping station. 25-30 tousand.m3/day
water extracts and supply to capital city.

/The report of feasibility study of Multi purpose dam on the Tuul river
“MONHYDROCONSTRUCTION” LLC 17p/

The Industrial source side of water supply where tributary Selbe river to
Tuul river flooding area perimeter 3887m, water storage area length 1819m,
flooding square

S,=1805531% + 642130 i°=822683i%,
S;=207870i* + 333882 i*+1913951*=733147i°,
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Totally 1555830 i’ or approximately 155.58 hectare will be flooded.
Available storage volume of flooding area

W =S5 -3+S -l:180553-3+642130-3+64213o.l:22608022 3
L T 3 3

W,=S,-3+8, %+S2 -2+S3%:103935-?+2-437817+191395%:1317781.51‘ :

Volume of the artificial water pool flooded in water from bridge of Selbe
river to the inward zone to Tuul river is 3.58 millions .m’ and during the low flow
period in spring time or in March and April water resource in the draining part of
Selbe river of industrial water supply source will be collected, frozen and during
the melting period in spring it is possible to replenish underground water supply
by water of above mentioned melted ice in February.

3. Flow control of TUUL river.

In order to improve flow of Tuul river and increase flow in the low flow
period in spring will be built overflow dam or barrage with water abstraction
structures upper the bridge of Yarmag using closed industrial water supply
protection embankment.

N it T

- .Pictur‘e7. uui rive b

-

ed

.2012.04.14.

Figure 8. Flow control water reservoir-1 /Google Earth/
Water reservoir for flow control Tuul river between 2 bridges Yarmag and
Sonsgolon will be with length 2470m, perimeter 5571m.
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Water submerged area will be:

214341 721-771
S, =5,+5,=1748. ;3 o7 277 = 928188 +277945 =12061335i

Totally 120.6 hectare and volume of the reservoir would be.

W,=§,-6+S5, -%+S2 %: 928188-6.5+277945% = 6125870341 ° or 6,13million.m’

The minimum flow rate of river Tuul in dry season is 2.0m3/s. This will be
reserve in cold season in the reservoir-I between bridges of Yarmag and
Sonsgolon and it will shed by ice melting in March and April during the cut off
period of Tuul river: 6125810.34/6061i1a/2406a3/60i¢i/60naé=1.18i3/i it’s low than
dry season flow of Tuul river than one more reservoir need to be enable water
flow in dry season for flowing Tuul river.

Figure-9. Flow control water reservoir-II of Tuul river. /Google Earth/

The area between next two bridges Bio and Sonsgolon will be submerged
4507m length, perimeter 14639m. Submerged square of flow control reservoir
Tuul river is

g :S1+S2:3151'1954+3053+3053~1356:

det —niin 2

= 7888528.5+2069934 =99584625i > = 996hectare
The volume of submerged area of flow control reservoirs:

W, =S -2+5, -%+S2 -23;2:55219699,5+2069934-§:

=55219699,5+27599 = 5797961151 * = 57979million.m’

Ice will be frozen and reserved in the valley between bridges of Tuul river
and Bio-Sonsgolon and it will shed by ice melting in March and April during the
cut off period of Tuul river. It would be:

57979611.5 1*/60days/24hours/60minute/60secund=11.18i*/

It is more than annual average run-off of month April 6.431 i*/f, therefore
must be built flow control structure embankment dam in the valley between
bridges of Tuul river Bio Complex and Sonsgolon.
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4. Smoke absorbing method.

The water reservoir in the submerged area has significant role for flow control
Tuul river. In watery and rainy season collect and store water in reservoir and use
it in dry season to annual run-off possibilities Tuul river. Let’s take absorbing
methods in air pollution after the built flow control reservoir and surface
spreading structures and reduce air pollution.

Table.2. Annual evaporation distribution in cold season of Tuul river.

No Month I 11 111 X X1 XII season
1 Evaporation 0 1.0 | 1.3 [ 2.0 | 1.2 1.0 6.5%
Evaporation
2 layer 0 292 | 38 | 5.8 | 3.6 2.9 19.02
(BE)ii

To calculate difference of evaporation or winter steam formation

19.02 mm of it forms from the area of 24.56 km™:

Will be from the flooded area by water

S$1=949285i or 0.95 &i* of square 11.89ii
S,=822683i%, or 0.82 &i* of square 23.7ii
S3=7331471% or 0.73 éi* of square 9.14ii
S4=120613351" or 12.1 &i" of square 151.4ii
S5=9958462.5i% or 9.958 éi* of square 124.6ii
TOTAL 320.73mm

It is definite to form great amount of steam in the winter time. This steam
will be fully absorbed capital city’s smoke itself in the winter time and become
frost snow and landed to the earth. Above mentioned items were observed on 01
and 02 January 2012.

On 31 December 2011 fog landed and tomorrow morning frost landed and the
morning became clear without smoke. It was happened next day again.

In this way in the winter time water reservoir evaporation and fog loss absorbs
smoke of Ulaanbaatar city, becomes frost and snow and lands in the earth and it
will be most ordinary, efficient and optimal version to eliminate air pollution of
Ulaanbaatar city.

The above mentioned table has been shown that in case water pool is built,
water loss losing from water pool will be increased evaporation into Tuul river a
year and precipitation will be increased in this amount. Evaporated water is lost
under the wind influence and but it is comparatively less and dominating
directions are from eastern and western directions. Also evaporated water by air
pressure difference will move into the higher part of Khentii mountain and it will
become clouds there and precipitation will become and be landed back.

It will feed rivers of Khentii mountain to consist source of flow of Tuul
river and Terelj river and as well as it will influence in flow of Tuul river well and
natural flow adjustment will be done.

Also during the low flow period in spring evaporation conducts regularly and
it will become the main factor to create favorable and humid climate to remove
dust of the capital city and grow greenery.
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Conclusion:

Choice of methods to artificially increase underground water resource of water
supply sources of Ulaanbaatar city and research work on Tuul river flow
adjustment aims at solving the pressing issues of water supply of population of the
capital city in the most ordinary and low invested and cheapest method and
restore flow of Tuul river during the low flow period in spring and the following
conclusions have been made.

1. It is fully possible to use water resource of non-using wells in
water supply sources located in the valley of Tuul river

2. It s possible to build water pool using increased flow of Tuul river
and during the months of much more precipitation and increase
underground water artificially

3. It is possible to collect and froze flow of surface in the winter’s
cold time and use it during the low flow period of spring

4. Based on the modeling of underground water of water sources of
Ulaanbaatar city it has advantages to choose the most efficient
version, determine increasing amount and increase water resource
feeding conditions and utilization balance through using method to
artificially increase underground water resource artificially and
funnel percolation shaft, percolation water pool and method to be
flooded by water.

5. Tt is possible to make flow adjustment to eleminate cut off of Tuul
river.

6. Evaporation evaporated from recharge basin of Tuul river will be
increased precipitation and create humid environment to the
climate of the capital city.

7. It has advantages that in the winter time fog evaporated from the
will eliminate smoke of the capital city and become frost and land
to the earth and clean air.

These planned work will either increase flow of Tuul river during the low flow
period or be formed frost in the winter, absorb smoke of the capital city itself and
clean air and in summer evaporation will be increased, precipitation will be
increased, watering of greenery of the capital city and favorable conditions to
plant trees and plants will be created.
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ABSTRACT

Hanoi city lies in the centre of the Red River Delta, one of the most
seriously affected areas by climate hazards. This paper focuses on the
Hanoi government’s multi-institutional approach in Environmental
planning for adaptation and mitigation against climate hazards. By
discussing the vulnerabilities to climate hazards of Hanoi city, the paper
emphasizes that to minimize the impacts of climate change and natural
disaster affected to humans as well as to the process of economic
development of Hanoi, both adaptation and mitigation of climate hazards
should be implemented simultaneously. The framework proposed consists of
four main groups of measures to cope with climate change and natural
disaster namely: Environmental planning, construction planning,
institutional and mechanism tools, and multi sectoral planning. Finally the
paper highlights the prioritized programs should be implemented for Hanoi
to build resilience to climate hazards to year 2020 with vision to 2030.

Keywords: Urban environmental planning, resilience, climate hazard.
1. INTRODUCTION

Hanoi is the capital city and the second largest city in Vietnam that contributes
12.73% GDP of the country (2010). Hanoi has undergone large urban sprawl
with the urbanized area doubled from 1991 to 2004. Despite fast socio- economic
growth, Hanoi is considered as flood prone and seriously affected by climate
hazards. The city lies in the centre of Red river delta; the region has highest
vulnerability level of exposure to storm and flooding (MONRE). In addition,
vulnerabilities of lives and livelihood to climate risks are primarily the result
of inadequate and unsustainable urban planning practices that does not account
climate hazards risks management and planning in the socio-economic
development of the city .

2. VULNERABILITY OF HANOI TO CLIMATE HAZARDS

To access vulnerability of Hanoi to climate hazards, we emphasize on the
variation of climate components such as temperature, precipitation that results in
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occurrence of flooding, landslides, water stresses and the impact to the city socio-
economical development as well as impact to livelihoods.
2.1 Climate components variability

Hanoi lies in the centre of the Red River Delta Vietnam, experiences typical
Northern region climate with summers are hot and humid, and winters are
relatively cool and dry summers, lasting from May to September, receiving the
majority of the annual 1,680 millimeters (66.1 in) of rainfall. The winters are short,
the temperature could sometime drop below 10°C. For the period of 50 years to
date, the temperature of Hanoi areas has increased together with the increasing of
overall temperature of Vietnam by 0.5°C but with faster pace compare to other
regions in the country. The frequency of cold fronts decreased, numbers of
extreme cold days recorded decreased. Meanwhile the sustained period of a cold
front increase with the highest recorded in 2011 (1 month).

Data from the Climate Change Scenarios for Vietnam ( 2009) for Low emission
(B1) and High emission (A2) scenarios show that within the next 50 years, the
temperature of the North Delta (including Hanoi area will projected to increased
1.4-1.60C.

Rainfall in dry season would decrease and increase in rainy season. By year 2060,
annual rainfall of the North Delta would increase, relative to the period of 1980-
1999 about 4.5% (scenario B1) and 5% (Scenario B2). Rainfall in period of
March to May would decrease about 3-6%, whereas rainfall in middle of the rainy
season would increase for 7-10% by the year of 2100.

2.2 Flood and inundations

According to Vu Dinh Thanh et al (2011), in three decades, the Red- Thai Binh
River - has experienced three major floods (1996, 2002 and 2007) with water
level of peak flood in Hanoi was 12 meters causing breaking of dikes. In addition,
heavy rains in 2003 and 2008 caused severe flooding in the Red River Delta,
damages to people and properties. Particularly the Red river large flood in 8/1996
with the peak flood over the alert level 3 causing landslide and breaking of more
than 390 dykes, with a total length of 142 km (119 km including 23 km of dykes
and embankments); total life loss is 60 people, thousands of homes were swept
away, damaged and flooded, the damage estimated up to 730 billion. Unexpected
heavy rains occurred in November 2008 was recorded as largest in recent 35 years
in Hanoi. Total damage caused to the northern provinces are tremendous, as 101
people found dead, estimated loss of 8590 billion VND ( 500mil.USD , 2009
equivalent).

In the urban districts of Hanoli, there are remaining 25 local flooded areas to 50-
100mm rainfall per hour. There are flood prone areas in other urban centers of the
city.

Inundation is a stress to Hanoi, given as following reasons:

- Gaps between urbanization and drainage infrastructure development.

- The old and low capacity of underground sewage irrigation is unable
to discharge water when rainfall is higher than 100 millimeters per hour;

- The design drainage capacity for rain with frequency of 2-5 years leading
to insufficient capacity (canals, irrigation pumping stations).
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Due to urbanization, ponds and lakes in Hanoi has been replacing with
residential areas and roads, reduction of permeability and water restoration
capacity
The urbanization boom has led to inefficient solid waste disposal, resulting
in inundation and stagnation of underground water

New urban planned areas relating to elevation system of urban
infrastructure are usually higher than the older part, causing difficulties for
rainwater to drain leading to flooding.

Table 1: Flood prone areas in Hanoi

Flooded area (ha)
No | Year I__eft DEY Right Day | Northern | Notes
river ) )
river bank | Hanoi
bank
1 |2004 |60,972 2793 7560
2> | 2006 |58740 | 6813 8450 Severe flooding in Hadong
district
Severe flooding in the
3 | 2008 | 56,500 South. _Nhuer!ver,
exceeding drainage pump
capacity

(Source: Drainage planning of Hanoi capital in 2030, Vision 2050)

2.3 Surface water depletion

According to experts, under the impact of climate change, water demand increases
during the dry season, while decreases capacity of soil moisture and groundwater
recharge. The river flow regimes become higher in the rainy season and lower
during the dry season, causing urban flooding, salinity and ground water
degradation.
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Figure 1. Water level and Flow of Red River (2003-2010)
Source: Hanoi Statistical Yearbook
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Regulation of the river water in the reservoir in the dry season are seems to
improving the condition of lower stream. However, the water downstream of Red
river and Thai Binh is recorded to drop sharply might be due to the regulations are
not in accordance with current legislation. In addition, the regulation regimes of
Hydropower reservoirs of Red River upper streams contribute downstream water
depletion in the dry seasons. Particularly from January to mid March / 2007, the
amount of Red river water depletion has drop 45-55% in Hanoi. Daily average
water level decrease to 1.95 m, the minimum water level was 1.21 m (lower than
the period 1956-1985 is 1.11 m), average daily flow is 797m3 / s (less than the
period from 1956 to 1985 is 166m3 / s) (Hanoi Statistical Yearbook 2010 2011).

2.4 Landslide

Climate change is showing its clear signs under forms of natural disasters in the
capital. Many dykes are at risk of facing landslides due to more floods from the
systems of Hong (Red), Da and Duong Rivers, which can threat lives of
residential areas along the rivers, the department elaborated. Especially, heavy
rains and floods also cause difficulties for drainage, resulting in prolonged serious
submergences in the city (DONRE). Hanoi government has put much effort to
construct embankments and relocating houses, many anti-landslide projects over
the past years as well as implemented projects on upgrading river dyke systems by
2020. however, number of landslide prone spots is increasing. Climate change is
showing its clear signs under forms of natural disasters in the capital. Many dykes
are at risk of facing landslides due to more floods from the systems of Hong (Red),
Da and Duong Rivers, which can threat lives of residential areas along the rivers,
the department elaborated. Especially, heavy rains and floods also cause
difficulties for drainage, resulting in prolonged serious submergences in the city,
the department added. To mitigate impacts of climate change, Hanoi has invested
in many anti-landslide projects over the past years as well as implemented
projects on upgrading river dyke systems by 2020.

2.5 Climate hazards impact to socio-economic development and
environmental protection

These climate related events cause a multitude of potential impacts and risks not
only to natural areas but specifically to populations of densely built up
metropolitan areas of Hanoi. Negative effects such as severe urban floods,
disturbances of the energy supply or public transport systems in urban areas lead
to decrease of GDP of the city. The table below describes climate related impacts
in urban areas in order to estimate the possible damages that might arise for
human-influenced systems by climate change, including climate hazards. There
are two elements that classified into columns and rows: first, the probability of the
occurrence of the events and second the “elements” at risk. Events to be included
are flood, water depletion and landslide. "Elements” at risk are institutional bodies
including urban infrastructure services or economic losses, human health or
livelihood. The goal of this matrix is to visualize climate hazards impact to inform
decision makers and the general public about climate change risks, and to increase
their capacity to implement necessary adaptation measures and to increase the
resilience of the urban system of Hanoi.
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3. INSTITUTIONAL APPROACH TO BUILD RESILIENCE TO
CLIMATE HAZARDS

After an international workshop on flood mitigation, emergency preparedness,
and flood disaster management in Hanoi in 1992, the First National Strategy and
Action Plan for Disaster Mitigation was developed and approved in 1994 (updated
1995). Since then, the central government and city authorities has made much
effort to strengthen capacity for climate change adaptation. Taking basic principle
to cope with climate hazards, Hanoi is engaging in the following adaptation
activities (Box 1):

=

Actively improve the food preparedness and prevention standards for
sustainable development.

+ Current food prevention probability level is 0.8 percent, but the target is 0.4
percent and then 0.2 percent in the future;

Strengthen the dike system to protect the right bank of the Red River (Asian
Development Bank project);

Strictly monitor, investigate, and respond to dike emergencies through
institutional strengthening:

Clear river bed and unlock river flows to ensure prompt food discharge in the
Red River, including lifting collapsed war-damaged bridges, lowering the
elevation of inner dikes, relocating houses and construction from the
restricted barrier of foods, and dredging river estuar deposits;

Build upstream water reservoirs to control the flood pressures for Hanoi;
Strengthen flood discharge and construction (following design procedures) to
protect Hanoi in flood emergencies. Issue detailed socio-economic policies for
flood discharge and control processes to ensure social equity;

+ Plant and protect upstream forests (e.g., 5 million hectares forestation program
with targets an increase in forest coverage up to 40 percent by 2010); and
Implement “channelization” initiative for selected parts of the Red River that
flow within the Hanoi zone.

=

= -

=

Source: The World Bank, 2009

Investment has been made to the city’s flooding prevention activities; however the
city still suffered from flood and inundation when heavy rain occurs. Climate
change adaptation and mitigation grow much attention from city residents and
authorities, pressing urban planners to search for solutions. The environmental
plan for Hanoi for the period 2015-2020 with vision to 2030 addresses the issue of
climate hazard adaptation planning with the multi-institution approach. This
approach is base on principle of building resilience city to climate change by
enhancing the capacity of people and communities to adapt to and cope with
climate hazards (Figure 2.)

Measures to cope with climate hazards adaptation is divide into 5 groups of
structural and non-structure including
+ Planning and design focus on water supply and drainage system;
cooperation between ministries, neighboring provinces and cities in
regulating water regimes of Red River system, especially irrigation
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headwork, hydro power reservoirs; renovating and conservation of lakes
and rivers; land use planning

Construction measures focus on constructing of complete dyke systems
including emergency spillways along the dikes for selective filling of flood
retention basin; completing drainage systems, irrigation dams and
reservoir to uptake over flow storm water, protection of urban areas.
Non-structural measures: institutional strengthening including completing
city’s legal documents such as Regulation on Flood and Storm warning,
prevention and disaster relief; facilitate green industry, energy saving and
environmental industries ( focuses on taxes and subsidies); mobilizing
investment from public and private sectors; public awareness raising
through official education, propagandas, media...

+

*

Figure 2: Principles of building resilience city to climate change

"=

Measures by sectors: focus on sectors that are affected by climate hazards
( from table 2)

#+ Finance and businesses with climate change: investment strategies for both
adaptation and mitigation of climate change encourage, ensuring
competition and large-scale investment. Mitigating climate change should
be considered as economic opportunity, social and environmental.
Reducing carbon emissions per unit of GDP should be the approach of
Hanoi. There is a need for modification and amendment of current
financial policies (especially energy subsidies and taxes)

Hanoi environmental planning to build resilience to climate change hazards
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Figure 3. Multi-institutional approach for Hanoi Climate Change planning
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ABSTRACT

The present study deals with the earthquake disaster reduction by the
development of new composite material to mitigate the collapse of unreinforced
masonry structures (URM) in urban and rural areas in developing countries.
Collapse of unreinforced masonry walls causes a large number of human
causalities due to a strong ground motion. Masonry walls are relatively strong for
in-plane shear and much weaker in out of plane direction resulting collapse of
masonry structure. Being highly expensive, FRP is a strong material and can
significantly increase the out of plane bending strength of masonry walls. Being
an expensive material, FRP exhibits a highly catastrophic brittle failure under
extreme loading leaving no warning and evacuation time for residents. On the
contrary, polypropylene band (PP-band) is a cheap material with much larger
ductility and holding capacity to avoid sudden failure, caused by the breaking of
wall into small fragments which has been found as a major cause of causalities.
In this study, an attempt has been made to find a composite material by using FRP
and PP-band to increase the shear capacity and to avoid the catastrophic brittle
failure of masonry walls under strong ground shaking. In order to achieve
required objectives, out of plane load tests have been carried out using six
masonry wallets consisting of three non-retrofitted masonry wallets, PP-band
retrofitted masonry wallet, FRP retrofitted masonry wallet and FRP+PP-band
retrofitted masonry wallet. Behavior of wallets has been carefully observed in
terms of peak strength, deflection and deformation capacity. It has been found
that retrofitting of masonry walls using FRP and PP-band is much viable solution
as compared to conventional retrofitting techniques because FRP+PP-band
reduced the overall cost of retrofitting due to confining and holding effect of PP-
band which is a very low cost material.

Keywords: retrofitted, composite, polypropylene, fiber reinforced polymer
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1. INTRODUCTION

1.1 General

Masonry is one of most popular and oldest construction material. Because of its
low cost and local availability, its significance as a construction material has
become more relevant. Better aesthetics, good heat and sound insulation, high fire
rating and economical construction are some of additional inherent advantages of
masonry construction. Masonry contributes a large number of structures in
world’s inventory of non-engineered construction and almost all of the
construction is composed of unreinforced masonry (URM). Seismic vulnerability
of URM is highly questionable in the region of high seismic activity. According to
Coburn and Spence [Coburn and Spence, 1992], collapse of URM masonry
houses is the biggest cause of human causalities in under developed parts of world
during earthquake hazards. Understanding and realizing the shortcomings of
URM masonry, many researches worldwide started efforts to strengthen and
retrofitting of existing masonry construction. In this regards many retrofitting
techniques have been developed such as adding concrete frames, masonry
jacketing, ferocement coatings, applying near surface mounting sheets or
members using wire mesh. Most of these methods are expensive, aesthetically not
good and add mass to the masonry wall system.

Masonry walls are strong enough in in-plane direction of seismic force. On the
other side, out of plane failure of masonry wall system is hazardous and explosive
causing almost complete collapse of masonry structure [Bruneau, 1994]. There is
no doubt to say that URM is more vulnerable when seismic force is acting in out
of plane or perpendicular to longitudinal axis of wall. It is the idea of many
researches that behavior of masonry walls in out of plane direction requires more
experimental and theoretical investigation. [Flagan et al 1993, Drysdale et al
1994].

Fig (a): Canterbury, New Zealand Fig (b): Gedikbulak, Turkey

Figure 1: Typical out-of-plane failure of an unreinforced masonry.
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Figure 1(a) shows typical out-of-plane failure of an unreinforced masonry wall on
the second level of 146 Kilmore Street in Canterbury New Zealand [EERI, 2012].
The light blue concrete column, hanging from the second floor, has no
reinforcement. Figure 1(b) shows the out of failure of masonry house during Van,
Turkey Earthquake of October 23, 2011. [EERI, 2012].

1.2 Literature Review

Among some of recent retrofitting methods Fiber Reinforced Polymers (FRP) has
become very popular because of its less retrofitting time, better aesthetics, high
strength and ease in application over the masonry surface. On the other hand, FRP
can increase the initial shear strength and out of plane bending strength to the
great extent.

Meguro and Mayorca [Meguro and Mayorca, 2003] have developed
polypropylene band (PP-band) retrofitting method considering economic
affordability, local acceptability, material availability and technological
applicability required for retrofitting. PP-band is a very cheap material with fairly
large deformation capacity. Main objective of PP-band retrofitting is to hold the
masonry components into a single unit and to prevent the collapse of masonry
structure. After carrying out a series of experiments ranging from small-scale
model to full-scale masonry house, it was found that PP-band retrofitted walls can
withstand much stronger input ground motion without collapse [Meguro et al,
2005].

(a): PP-band retrofitting of a (b): PP-band retrofitted wall in the
masonry house in Indonesia laboratory.

Figure 2: Retrofitting of masonry wall using PP-band in the field and laboratory.
1.3 FRP and PP-band Composite Retrofitting Technique

In this research we proposed a new retrofitting material which is a composite of
Polypropylene band and Carbon Fiber Reinforced Polymer (CFRP). Both of these
materials are applied on masonry wall system as a composite material and this
composite not only increases initial shear strength but also serve satisfactory to
keep integral the structural system by providing sufficient deformation and energy
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dissipation capacity. FRP is a brittle material and has ultimate tensile strain
ranging from 2 to 4% [V. Turco and S. Secondin, 2005]. Whereas, PP-band
cannot increase significantly initial strength of non-retrofitted masonry, it can
enhance the structural deformation capacity up to 50 times larger than that of non-
retrofitted one [Meguro et al, 2005]. FRP can serve satisfactory if it is applied
completely or fully wrapped to hold the brick units which can increase
tremendously the retrofitting cost and still do not allow the structural system a
reasonable deformability, while PP-band is not only a fairly ductile and
deformable but can also be wrapped completely to the wall system because of
very low retrofitting cost.

In order to achieve the required objectives, a series of out of plane load tests are
carried out using different wallet schemes. A total of six masonry wallets are
tested, three non-retrofitted and three are retrofitted. Among retrofitted masonry
wallets, one is PP-band retrofitted masonry wallet, one is CFRP retrofitted
masonry wallet and one is CFRP+PP-band retrofitted masonry wallet. The main
objective of this study was to investigate the effect of PP-band and CFRP
composite on increasing bending strength and deformation and energy dissipation
capacity in the out of plane direction of masonry walls.

2. EXPERIMENTAL PROGRAM
2.1 Material testing

2.1.1 Properties of masonry

Compression, Shear and bond tests are carried out in order to determine the
properties of brick, mortar, and masonry. Table 1 shows the properties of different
materials used for construction of masonry wallets. Bricks compressive strength is
determined according to ASTM C-67. Three samples of burnt brick were tested
under direct compression. Three mortar cubes of S0mmx*50mmx>50mm containing
a weight mixed proportion of cement, lime and sand (250g: 1,000g: 2,800g) were
tested with 0.25 water/cement ratios according to ASTM C-109. Three samples of
brick triplets, each triplet consisting of three bricks joined together by 5 mm
mortar thickness were prepared to evaluate the shear strength of masonry units.
Three masonry prisms each consisting of five bricks were tested according to
ASTM C-1314.

Table 1: Characteristics of materials used in experiments

Compressive | Compressive Compressive | Shear Bond
P P strength of | strength | strength
Test strength of strength of
; masonry of of
brick mortar cube .
prism mortar | mortar
Specimen (MPa) (MPa) (MPa) (MPa) (MPa)
1 25.10 1.08 15.95 0.24 0.0040
2 26.60 1.07 11.60 0.15 0.0050
3 26.70 1.34 13.25 0.21 0.0040
Average 26.10 1.16 13.60 0.20 0.0043
156 New Technologies for Urban Safety of Mega Cities in Asia
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2.1.2 Axial tensile test on polypropylene (PP) band

Three sample of PP-band with 6mmx0.6mm in nominal area of cross section and
150mm in gauge length are tested under uniaxial tensile loading using
displacement control universal testing machines (UTM). Table 2.0 shows the
tension test results of PP-band.

Table 2: Polypropylene band tension test results

Maximum Initial Residual | Failure
. Axial Modulus | Modulus Strain
Specimen
Stress
(MPa) (GPa) (GPa) (%)
PP-1 254.20 7.38 1.91 12.30
PP-2 246.50 6.95 2.06 12.67
PP-3 234.40 6.42 1.96 11.91
Average 245.03 6.92 1.98 12.29

2.1.3 Properties of CFRP and epoxy

Properties of CFRP and epoxy are provided by the supplier of these materials. Bi
directional type of fiber layout is used in CFRP. Thickness of CFRP sheet is
0.5mm. Bond E-250 epoxy is used to apply CFRP over the brick surface. Table 3
and Table 4 show the properties of CFRP and epoxy. All epoxy strength
parameters are examined at temperature of 20+1°C after curing time of 7 days.

Table 3: Material properties of CFRP

) Tensile Bending | Bending [ Compressive | Ultimate
Material | moqulus | strength | modulus strength Elongation
(GPa) (MPa) (GPa) (MPa) (%)
CFRP 120 130 90 900 2
Table 4: Material properties of Epoxy
. Tensile . . Compressive
g strength g g strength
(MPa) (MPa) (MPa) (MPa) (MPa)
Epoxy 20 9.6 45 50 21

2.2 MAOSNRY WALLETS TESTING SCHEME

2.2.1 Masonry wallets testing and experimental setup

Four types of masonry wallets are shown in the Fig 3. Size of masonry wallet is
475mm x 238mm x 50mm. All of these wallets are constructed using 75mm x
37mm x 50mm burnt brick units. Cement lime mortar with a weight mixed
proportion of cement, lime and sand (250g: 1,000g: 2,800g) is made with 0.25

Development of advanced composite material for seismic safety of non-retrofitted
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water/cement ratios. Masonry wallets are constructed, cured and tested under
similar conditions. In case of CFRP and CFRP+PP-band retrofitted masonry
wallets, CFRP is pasted on wallet surface with the help of strong epoxy and cured
for 24 hours whereas PP-band and CFRP+PP-band retrofitted, PP-band is applied
on both faces with the help of ultrasonic welder and also connected in out of plane
direction.

L [ s [ | I I I

I I I I = = !/ | i us
=1 T T a1 il I
TURM TURM
UNRETROFITTED WALLET UNRETROFITTED WALLET

473 47T

I I

[ I

CFRP CFRP+POLYPROPYLENE
RETROFITTED WALLET RETROFITTED WALLET

Figure 3: Masonry wallets retrofitting scheme for out of plane load test.

Three of the masonry wallets are retrofitted using different retrofitting schemes.
One is PP-band retrofitted, one is CFRP retrofitted and one is CFRP+PP-band
retrofitted. Two CFRP strips of dimension 475mm x 40mm x 0.5mm are used on
both faces of CFRP and CFRP+PP-band retrofitted masonry wallets. PP- band
mesh pitch of 50mm is used for PP-band retrofitted and CFRP+PP-band
retrofitted masonry wallet.

2.2.2 Test Setup

Each of the wall specimen was tested like a simply support beam of center to
center span of 440mm with one displacement at the center of span in the form of
line load throughout the width of the masonry wallet as shown in Fig 4 (a) and (b).
Total size of masonry wallet is 480mm from edge to edge of specimen. Vertical
displacement is applied at center of the specimen at a loading rate of 0.1 mm/min.
Two LDTV displacement transducers with 500x10°/mm sensitivity are used at
quarter span to measure the deflection. Wall specimen is simply supported on two
steel rollers and displacement is transferred from machine to specimen with the
help of steel roller and a cap plate. A small initial displacement is applied to
assure the full contact of the wallet and loading arrangement. Specimens were
completely inspected in throughout the length of loading increments. Different
displacement loading rates are selected depending upon the failure displacement
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and duration of test. All displacement and loading data is recorded in a
computerized digital acquisition system.

Sample: LIRM-1

e Terat: Owi ol Plugw

(a): Schematic diagram (b): Experimental setup
Figure 4: Test setup of out of plane load test
3. TEST RESULTS
3.1 Non-retrofitted masonry wallet

One of the main focuses of experimental results was load-displacement curves of
masonry wallets. Figure 5 shows the load displacement curve of non-retrofitted
masonry wallets. All URM specimens are tested using same loading rate of
0.Imm/min. Although preparation, curing and testing conditions of masonry
wallets were similar still the non-retrofitted wallets show a variety of peak
strength with an average value of 0.7 kN with almost similar initial stiffness.
Behaviour of wallets was almost linear up to the peak value. Sliding type of
failure has been observed exhibiting a weak brick mortar joint at vertical
displacement range from 0.6mm to 1.2mm as shown in Fig.5 (a).

1
e RM-1

a—JRM-2 /’\\

i
04 /%\ \\
\ \

—

Load(kN)

/

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Deflection (mm)

Figure 5: Load-displacement curves of non- retrofitted masonry wallets.
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3.2 PP-band retrofitted masonry wallet

Figure 6 shows the load displacement curve of PP-band retrofitted masonry wallet.
It has shown almost similar initial stiffness and peak strength of 0.79 kN which is
almost same as that of non-retrofitted masonry wallet. Up to initial peak loading
rate of 0.lmm/min is used and after that the test was continued at a loading rate of
2.0 mm/min. In case of PP-band retrofitted masonry wallet after the displacement
of 1.2 mm/min the sample again started taking load with some reduced stiffness,
even it has gone up to a displacement of 57.7 mm with a load value of 0.88 kN.
PP-band retrofitted masonry wallet has shown a fairly long deflection and
deformation as compared to URM masonry wallets

1.4 1
0.8
12 0:6—
0.4 -
1 0.2 4 \%
g 08 O g T
% . 0] 0.4 10.8
©
3 06
04 URM-1
a=URM-2
02 It e=—URM-3
e PP-ret.
O T T T

0 5 10 15 20 25 30 35 40 45 50 55 60

Deflection (mm)

Figure 6: Load-displacement curves of non- retrofitted masonry wallets and PP-
band retrofitted masonry wallet.

3.3 CFRP retrofitted masonry wallet

Figure 7 shows the load displacement curve of non-retrofitted masonry wallet, PP-
band retrofitted and CFRP retrofitted masonry wallet. CFRP retrofitted masonry
wallet is tested at a loading rate of 0.25mm/min and use of CFRP has increased
initial peak strength of no-retrofitted masonry wallet from 0.8 kN to 8 kN. CFRP
retrofitted masonry wallet has shown a high initial stiffness as compared to URM
and PP-band retrofitted masonry wallets. Use of CFRP has also increased the mid
span deflection from 1.2 to 5.0 mm but it is far less than PP-band retrofitted case.
PP-band retrofitted masonry wallet has increased the displacement from 1.2mm to
58 mm. It can also be seen from figure 7 that CFRP retrofitted wallet has shown a
sudden drop in strength from 1.6 kN to 1.0 kN at a displacement of 0.65mm. This
sudden drop was due to detachment and falling of one layer of brick at the inner
edge of masonry wallet. After that it again started taking load and reached to peak
strength of 8.0 kN. CFRP was acting just like tension reinforcement on tension
face of a simply supported beam and bricks were taking care of compression just
like a simply supported beam having reinforcement on both of the faces.
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Figure 7: Load-displacement curves of non- retrofitted masonry wallets, PP-band
retrofitted and CFRP retrofitted masonry wallet.

3.4 CFRP+PP-band retrofitted masonry wallet

Figure 8 shows the load-displacement curve for URM, PP-band retrofitted and
CFRP+PP-band retrofitted. In case of CFRP+PP-band retrofitted masonry wallet
initial strength of URM is increase from 0.8 kN to 5.5 kN and displacement
carrying capacity is also increased from 1.2mm to 62mm. After the peak strength
of 5.5 kN, there is a sudden drop but still CFRP+PP-band retrofitted masonry
wallet has shown a good residual strength up to the final failure of wallet.
Proposed composite material has increased intial strength, deformation capacity,
and residual strength of non-retrofitted masonry wallet.

6 : : ,
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5 —URM-2
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Figure 8: Load-displacement curves of non- retrofitted masonry wallets, PP-band
retrofitted and CFRP+PP-band retrofitted masonry wallet.
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4. FAILURE MODES

Figure 9 shows that failure pattern of different type of masonry wallets under out
of plane loading. Figure 9 (a) shows a pure bending type of failure with major
central cracking with spalling of bricks in the central part of masonry wallets.
There were no signs of shear failure near supports. Figure 9 (b) shows that PP-
band retrofitted masonry wallet failure. It is almost same type of failure as that of
URM but PP-band kept holds the masonry units. As PP-band is attached with the
out of plane connectors, so it has not provided any increase in bending strength
but after the peak, it kept the brick unit as single mass to further take load up to a
displacement of 58 mm as shown in Fig 6. Figure 9 (c) shows the failure the
failure of CFRP- retrofitted masonry wallet. CFRP- retrofitted masonry wallet has
shown a step wise failure initiated with the fall of inner and outer brick layers.
Failure of wallet was mainly due to detachment and debonding of CFRP from
brick surface. CFRP+PP-band retrofired masonry wallet failure has shown in the
Fig 9 (d). Use of PP-band along with the CFRP has changed the failure mode of
only CFRP retrofitted masonry wallet as the step was failure is vanished. In CFRP
retrofitted case the wallet was disintegrated into longitudinal strips but CFRP+PP-
band retrofitted masonry wallet has avoided the delamination of brick layers form
the wallet. It kept hold the entire brick mas into a single system even upto the
final failure of masonry wallet.

TR

(a) Failure pattern of URM (b) Failure pattern of PP-band
retrofitted masonry wallet

(c) Failure pattern of CFRP-retrofitted  (d) Failure Pattern of CFRP+PP-band
masonry wallet retrofitted masonry wallet

Figure 9: Failure pattern of different types of masonry wallets under out of plane
loading.
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5. CONCLUSIONS

FRP is an expensive and has very high initial stiffness with a failure strain ranging
from 2-4% whereas PP-band is a cheap material with very high failure strain
ranging from 12-14%. Non retrofitted masonry wallet has shown very sudden
failure breaking the wall into small pieces. PP-band has provided very high
deformation and energy dissipation capacity but the release of energy through
proper crack distribution on all over the masonry wall units. CFRP has increased
the initial strength of masonry wall but it could not increase the deformation and
energy dissipation capacity of masonry wallet exhibiting a very high brittle failure.
Failure of CFRP was mainly due to debonding of CFRP strips from the brick
surface. In order to further increase the performance of masonry wall units less
thickness with more surface area with good brick surface conditions are
recommended. CFRP+PP-band together have not only increased the initial
strength, deformation capacity, energy dissipation capacity but also the residual
strength of masonry wallet in post peak behaviour. This increase in residual
strength is due to holding effect of PP-band provided to the bricks and CFRP and
it reduces the chances of further detachment of CFRP from brick surface as wallet
undergoes further displacements. CFRP+PP-band retrofitted has changed the
mode of failure of CFRP retrofitted wallet from sudden brittle failure to gradual
ductile failure. Use of both the materials has given a very high performance and
cost effective technique for retrofitting of masonry structures which can save
property and human life during a seismic hazard.
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ABSTRACT

For design of high rise buildings, Mongolian National Design Code is required to
perform an analysis using time histories and its response spectrum curve of
earthquake excitations. Time Histories and Response Spectrums are must be
developed for the real building site. In the Code also stated that, the requirements
for the time histories and response spectrums are must be established from
Central Government organization. In this paper, carefully studied are
internationally common requirements for the time histories and its response
spectrums and first time developed are the requirements in Mongolian condition.
Developed are the requirements for design response spectrum, on basis of the
requirements in codes of Russian Federation, USA, Japan, China and Turkey etc.
Developed are first time in Mongolia, in Ulaanbaatar, real time histories and
response spectrums on site of 25 story Hotel Building of Tuushin Company, using
up-to-dated common approaches in international practices. As the case studies,
performed are structural calculations using these records and curves and
discussed the results, compared with the results of conventional design response
spectrum method calculations.

Discussed are further research needs for the developments of local requirements
for the time histories and response spectrums.

1. PRESENT CONDITION OF THE STUDY

In “Design of Buildings and Structures in Seismic Region”, BNbD 22.01*/2006
of Mongolia, it is specified that “To design of important and high-rise buildings
(higher than 16 story), seismic analysis of the building shall be performed using
ground motion records of base soil as well as synthesized accelerogram. In those
cases maximum amplitude of the base soil acceleration shall be at least 100, 200
and 400 cm/s2 apparently taking into consideration of 7, 8 and 9 grade of
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earthquake intensity of the site” [1]. Synthesized accelerogram is an artificial
acceleration record that may generated from the probable earthquakes on the site
[7].

In the above provision it is specified to use two different types of accelerograms
including the historic seismic events and artificial records in the analysis of one
building. This provision has been included in the code since 1981 but it has not
been required to use this provision up to the recent period. Once there was no
demand therefore almost no research has been conducted in this area. Moreover
seismic data in the national code of Mongolia has been just adopted from the
Code Russian Federation.

Today when structural design analysis theory and tools are rapidly developing, it
has been common that codes and regulations of foreign countries have required
use of records of potential earthquakes on that area and similar earthquakes that
occurred in a different area in the seismic analysis. This requirement has been
widely put not only on the high-rise building but also low rise buildings [5].
Therefore many studies on accurate development of seismic data and
characteristics and effective usage in the design, have been carried out in foreign
countries [3].

It is clear that seismic source, propagation condition and soil characteristics that
apply to the design of building are different on every building. Those factors are
definitely within territory of Mongolia. Particularly, only an earthquakes within
300 and 400 km is hazardous for building that is being designed in Ulaanbaatar.
Therefore, we need to have seismic data and parameters of own country to be
used in the structural analysis. Aim of this paper is definitely directed to it.

On the other hand, many buildings higher than 16 stories have been designed and
built recently in Ulaanbaatar. Thus, we are required to implement the above
requirement of our code in actual structural design of the high-rise buildings.

In order to describe in input motion and its synthesized record, micro seismic
study and measurements are carried out in the site of the building. The record vary
depends on many factors, such as seismic history, potential sources, tectonic
formation of soil, hazard level, water table, thickness and density of base soil
layers of the site.

Synthesized accelerogram is developed mostly in bed rock or in the alluvial soil
surface. Accelerogram is developed using an earthquake source model, historical
earthquakes, travel condition, soil geotechnical characteristics and geophysical
parameters of the site [11].

This accelerogram is corrected by using the acceleration records of the actual
earthquakes in order to match with the design response spectrum of the Code by
many indicators such as duration and energy contents etc. It is the main difficulty
to develop the accelerogram [6].

The acceleration record of the historical earthquakes is taken from the record bank
and it is an important input data for the analysis and research, because it contains
mechanism of earthquake and process and all indicators of the soil excitation (e.g.
amplitude, frequency, energy contents, duration and phase etc). It is also proper to
reflect all factors including the earthquake source, propagation ways and soil
characters of the site in the analysis. Also the accelerogram can be used in the
analysis by scaling the amplitude and correct reflecting attenuation law.

It is complicated to choose proper accelerogram developed by the micro seismic
investigation for the analysis. In the code it is specified that state administrative
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organization is in charge for establishment of requirements on the accelerogram
and its response spectrum curve to be used in the analysis. In the most codes it is
specified to use several accelerograms in the analysis of one building.

2. MICRO SEISMIC STUDY OF THE SITE OF TUUSHIN HOTEL
BUILDING

Seismic hazard assessment of the site of 25 story hotel building of “Tuushin” LLC
to be built in the territory of Sukhbaatar district of Ulaanbaatar city was executed
based on geophysical measurement, fund materials, analysis methodology and
basic hazard study [4].

Client provided topography and required information on engineering—geology and
hydro geology.

View and model for the structural analysis of the hotel building of Tuushin LLC
are shown in Figure 1.

Figure 1. 3D view and model of the structural analysis of the hotel.

Propagation velocity of primary and shear waves were determined till the bedrock
depending on the depth in the site of the hotel building. Etalon velocity of the
seismic wave that is observed in the bedrock in the vicinity of Ulaanbaatar city
was chosen and the seismic model of the site was developed.

Horizontal gradients of the basic signal of potential strong earthquake was
developed by the first step. Strong earthquake accelerogram to hazard the base, its
response spectrum and frequency characteristics are estimated and developed on
horizontal (EW) and vertical (Z) gradients (Figure 2).

Basic input data of the seismic actions are within the following limit: seismic
hazard intensity is 8.1 grade according MSK scale. Maximum amplitudes of the
acceleration to be observed by the strong earthquake is 213 and 127 cm/s2 on
horizontal (EW) and vertical (Z) direction respectively. Maximum amplitude of
the acceleration response spectrum is 1,4; 3,3 in the horizontal and 1,27 Hz on the
vertical and they are 51,6 and 27,7 cm/s on horizontal (EW) and vertical (Z)
directions respectively.
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Figure 2. Accelerogram and its response spectrum, frequency
characteristics in horizontal direction

Intensity of the seismic action was determined based on assumption that soil
deformation is elastic and bases on the intensity scale descriptions.

3. ANALYSIS OF THE STRUCTURE OF TUUSHIN HOTEL

The accelerogram and its response spectrum developed by the micro seismic
study of the site were taken as example and used in the analysis of the structure.
Structural system consists of cast-in situ RC core, shear walls, SRC frame system
with shear walls, and lateral loads resisted mainly by RC core and shear walls.
Concrete grade is B30, compressive strength is 224 kgs/cm?, Young’s modulus—
3.3x10° kg/cm? and Poisson’s ratio - 0.2 in the design. Column section is
composite from H type steel section and cast in place external concrete part.
Strength of the column and beam steel was taken as 3000-3300 kg/ cm?
depending on its thickness.

Foundation is 2 m thick cast-in situ RC raft foundation. Structural analysis model
of raft foundation is taken as the slab on Winkler sub grade. Earthquake intensity
of the site was grade 7 by micro zoning and grade 8 by micro seismic study.
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Figure 4. Structural analysis using an accelerogram by LIRA program

The structure was analyzed for the seismic actions at IST construction consulting
company of Republic of Korea using MIDAS program [13]. Also it was analyzed
at design company Goo Van Consulting of Mongolia using LIRA - 9.4 program
[9]. First, structural analysis used the design response spectrum by conventional
response spectrum method on both of the above two companies. Next analysis
was calculated using the accelerograms by MIDAS program and mode
superposition method (Figure 3). Also analysis was made by direct integration of
differential equation of the motion method and mode superposition method by
LIRA program (Figure 4).

4. RESULTS OF THE STUDY
Commonly used international requirements are studied and the requirements for

Mongolia are developed for the first time. Also the requirements on the response
spectrum curve to be used on the analysis of the high-rise building were
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determined and proposed based on experiences of Russian Federation, USA,
Japan, P.R. C and Turkey [10].

Following the above requirements potential seismic record and response spectrum
curve were developed on case of Ulaanbaatar city in accordance with
internationally used methodology.

Also the results analyzed by using the Time Histories and compared to the results
analyzed by the conventional Response Spectrum Method. The results used
MIDAS program was 60 — 70% and LIRA program was 40 — 50% of this result.
From this, results of the analysis are more less than the conventional response
spectrum results and it proves ineffectiveness of the analysis using this
accelerogram.

According the accelerogram developed by Research Center for Geophysics
Astrology and predominant frequency is observed to be 0.2-0.3 seconds but the
response spectrum curve given relatively wide range and takes the maximum
value between 0.1-1.0 seconds and it shows inappropriateness between them. Also
as for the response spectrum curve its form is much different than MNCN code of
Moscow and Japanese code shown in the Figures. (Figure 5,6,7).

Also it is needed to clarify reason for high amplitude of the response spectrum
curve. It is needed to study experiences and methodology of foreign countries.
Low predominant frequency of the accelerogram results in relatively low analysis
result of the analysis used the accelerogram. Therefore, it is required to consider
an amplification of base layers, methodology to choose earthquake that potential
to be hazardous for that building from earthquakes that occured in foreign
countries or internationally used earthquakes and solve the problem urgently.
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Figure 5. Registered in Moscow acceleration record and its Furies spectrum,
MNCN code, 4"™of March, 1977. Moscow

Etalon record developed on bedrock is must be same on total territory of
Ulaanbaatar city thus it is insufficient to reduce and increase the amplitude
depending on the intensity of the site not considering amplification of the base
layers. Also, the accelerograms are varied only by their amplitudes along the
horizontal and vertical directions.
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Figure 6. Design Response Spectrum curve for the analysis, MNCN code,
Moscow.

Figure 7. Design Response Spectrum for the analysis of high-rise buildings,
notification #1461,2001 by MLIT Japan

Another requirement on the accelerogram is its duration. For example, duration is
80 sec in MNCN code of Moscow, 56 — 160 sec in DBN code of Ukraine, at least
1 minute in BSL code of Japan and 30 sec in DBYBHY code of Turkey while
period of our accelerogram is 23 sec and it is seems insufficient [5].

It is needed to compare with scenario earthquake of Ulaanbaatar city by professor
N. Kawase and others [12].

Also it is required to provide fundamental period base layer of the site and
direction of earthquake excitation.

Result of the study is determined and further concerning issues in this are
developed.

5. CONCLUSION

1. Etalon record developed on bedrock is must be same on total territory of
Ulaanbaatar city thus it is insufficient to reduce and increase the amplitude
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depending on the intensity of the site not considering amplification of the
base layers.

2. According to the above mentioned conclusion only one accelerogram can
be used in the site with same earthquake intensity. Therefore it is needed
to develop at least several accelerograms and use two or three of them
which are seems more hazardous to the structure.

3. To increase relatively less duration time of the accelerogram compared to
foreign countries.

4. To develop a national code or regulation to carry out micro seismic
investigation of the site urgently. In other words, it is required to set
requirements on accelerograms and site response spectrum to be used in
the design of buildings and structures.

5. To continue the research further and develop the design response spectrum
curve to be used in the analysis of the high-rise structures and have it
approved by the central government organization.
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ABSTRACT

Structural performance at beam-column joint varies much depending on the
arrangement of reinforcement steel bars at joints. To investigate the influence of
the bending radius of reinforcement bars at beam-column joints on rigid flame
and study the failure mechanisms of beam-column joints, analyses were carried
out by three-dimensional Rigid Body Spring Model (RBSM). Simulations of L
beam-column joints with simple reinforcement arrangement were carried out to
examine the failure pattern at L beam-column joints. In this paper, only
monotonic loading (two types, open and close) to the joint part was carried out.
These simulations showed the different crack patterns and failure modes
according to the loading direction. These results would be beneficial to improve
the analysis model for further proper numerical simulations of L beam-column
joints.

Keywords: RBSM, crack pattern, beam-column joint, bending radius

1. INTRODUCTION

Nowadays in Japan, seismic design code is becoming more stringent. To satisfy
the stringent requirements, lager amounts of reinforcement must be placed,
resulting in increased reinforcement congestion. This problem particularly occurs
at beam-column joints, where reinforcements meet from many different directions.
As a result, it becomes difficult to ensure proper concrete compaction and hence
poorer concrete quality may result. Moreover at the L beam-column joints,
structural performance is thought to change depending on the arrangement of
reinforcement. However, it is difficult to clarify the structure performance on
complicated bar arrangement like beam-column joints, so only little analysis have
been done for the beam-column joints. In this study, numerical simulations are
carried out to investigate the influence of the bending radius of reinforcement at
the L beam-column joints by Rigid-Body Spring Model (RBSM), which is a kind
of discrete analysis.
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2. ANALYSIS METHOD AND MODEL
2.1 Analysis method

In this study, analysis is carried out by 3D RBSM approach, proposed by Kawai
(1978). Two types of elements, namely concrete and steel elements, are used to
define the geometry of a specimens embedded reinforcing bar. The concrete
elements size is set smaller than the maximum aggregate size, while the steel
element size is set according to geometric complexity of the reinforcing bar
(Figure 1). Three springs (one normal direction and two shear directions) are
assumed to connect each face of the elements. The properties of the springs are
determined so as the elements, when combined together, enable accurate
prediction of the response of laboratory-scale material test. In this study,
simulation system developed by Nagai (2004) is used.
|I d

.‘(

Steel element

(@) Cross section of elements (b) 3D Rebar shape
Figure 1: Modeling of geometric rebar shape
2.2 Constitutive models

Two elements are used to represent the behavior of reinforced concrete:

(1) Steel element for steel bars

The geometry of the steel elements is modeled in an accurate manner to properly
account for the interlock between reinforcement and concrete. Figure 1 illustrates
typical reinforcement geometry used in analysis. Bi-liner model is adopted for the
steel elements to reproduce the yielding of steel.

(2) Concrete element

The shape of concrete elements is determined by using the Voronoi diagrams,
expect those nearby the steel elements which were constructed manually
following the geometry of the steel elements. Random element generation is
considered to reasonably replicate concrete fracture process.

The concrete constitutive models for the normal and shear spring are shown in
Figure 2. The normal springs are assumed to behave elasticity both in
compression and in tension. After reaching its strength in tension at f;, the stress in
the springs is assumed to decrease linearly to zero at the maximum crack width
Wnax (assumed to be 0.003mm, Figure 2(a)). The shear spring is assumed to
behave in an elastic-plastic manner (Figure 2(b)), with a yield strength computed
from Equation 1 (adopted from Muto et al.(2004), Figure 2(c)). Here, ¢ =37°
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For regions within 1D (D: bar diameter) from the reinforcement surface, the
concrete constitutive model is modified to account for interfacial zone between
the reinforcement and the concrete (Salem et al. (2005)). In this zone, the elastic
modulus of the spring is assumed to be a half of the original value.

(3) Steel-Concrete interface

At steel-concrete interface, the normal spring is considered to be the same to that
of the concrete element (Figure 2(a)), but with a tensile strength of only a half.
The shear spring is assumed to behave elastic-plastic, with the yield strength
calculated from same concept of criteria to concrete element. Moreover, the shear
strength of the interface spring is assumed to decrease according to crack width to
represent interface fracture (Figure 2(d)).
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Figure 2: Constitutive models of springs

3. L BEAM-COLUMN JOINT SIMULATIONS WITH DIFFERENT BEND
RADIUS FOR BENDING BAR

3.1 Analysis cases
The arrangement of reinforcement at the joint part is thought to have a significant

influence to the structural performance of beam-column joints. To investigate the
influence of the bending radius of the steel bar to the structural performance at the
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L beam-column joints, in this study the several simulations with different bend
radius at the corner, 25mm(1D), 75mm(3D), 200mm(8D), were analyzed. Here, D
means diameter of steel bar. The arrangement of reinforcement is simplified than
the practical due to calculation cost. Table 1 shows all simulation cases. The
models used in analysis are shown in Figure 3. Reinforcing steel bars in the model
are diameter 25mm and 10mm deformed bars.

The boundary condition considered in the analysis is shown in Figure 4
Displacement controlled monotonic loading was applied to the left surface of
specimen, with an increment of 0.1mm for each steps and all elements on the
bottom surface were fixed. Two types of loading, Open and Close, were carried
out. Open means pull the left surface to left direction, and Close means push the
left surface to right direction.

Table 1: Analysis cases

Case | Open | Bend Concrete Steel bar Number | Maximum

or Radius | Strength Elastic Yielding of Load in

Close (N/mm?) modulus Stress elements | analysis
. | f | (KN/mm?) (MPa) (kN)
C1 25(1D) 222871 207.7
C3 | Close | 75(3D) 198837 198.3
C8 200(8D) 176451 196.9
01 25(1D) 25| 25 190 600 222871 122.6
03 | Open | 75(3D) 198837 119.8
08 200(8D) 176451 169.9

D25 Steel bar‘

v

300

500

Figure 3: Analysis models
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LOAD
to left
surface

FIX the bottom surface

Figure 4: Boundary condition

3.2 Analysis result

3.2.1 Crack pattern

Figure 5(a) shows the crack pattern for close cases at the maximum load and
Figure 5(b) shows the crack pattern for each open cases at the displacement of
1.3mm. Deformation is enlarged 25 times.

In all close cases (Figure 5(a)), shear cracks were formed from the bottom-right
side to top-left side and only few bending cracks on the top surface were observed.
This means all three cases had shear failure at the column area. At first, shear
cracks occurred at column part from the bottom-right side and then it propagated
to the beam part. In these analyses, almost all cracks concentrated on only
column part, and no cracks occurred at bending reinforcement area. The reason of
this behavior is a boundary condition introduced to this model. In this analysis all
bottom surface elements were fixed and could not rotate, as a result stress

concentrated at column area and it led to the failure at column area before cracks
occurs at the joints.
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Figure 5: Cracks pattern
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In all open cases (Figure 5(b)), shear cracks occurs from the bending point of
reinforcement bar to the bottom surface and these shear cracks propagated in
around 45 degree direction. These analyses shows that location of the crack
changes depending on the bending radius of reinforcement and the cracks start
from the bending start point.

3.2.2 Load-Displacement Relationship

The load-displacement relationships from analysis are shown in Figure 6.

In all close cases (Figure 6(a)), the load-displacement relationship is not so
different although the bending radius is different. Figure 7 shows the stress
distribution for close cases at the maximum loading. In all cases, compression
stress formed diagonally from the bottom of column to the loading side. Tensile
stress generated around the bending reinforcement area. Shear failure occurs in
column in all three cases, so the maximum load of 3 cases is almost same.

(a) Close cases (C1, C3, C8) (b) Open cases (01, O3, 08)

Figure 6: Load-displacement

Tension Tension Tension

Compression Compression Compression

Case C1 Case C3 Case C8
(at displacement of 1.5mm) (at displacement of 1.4mm) (at displacement of 1.4mm)

-10 30 (Mpa)
Figure 7: Stress distribution of close cases

In open cases (Figure 6(b)), the load-displacement relationship of O1 and O3 were
almost same, but O8 was different: the maximum load of O8 (169.9kN) was
larger than other two (01:122.6kN, 03:119.8kN).

Figure 8 shows the stress distribution of 3 open cases when displacement is
1.3mm (O1 and O3 is after maximum loading, O8 is before maximum loading). In
all cases, compression strut was formed from the bending part of steel bar. In this
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analysis, it seems that width of the compression strut is defined by the bending
reinforcement area. It means that compression strut area is influenced by bending
radius of steel bar. As a result, the size of compression strut of O8 is larger than
other two and this may be a reason for the increment of maximum loading.

Figure 9 shows the shear stress distribution of 3 open cases. Shear stress area is
different and in all cases shear stress is from bending start area of steel bar to
bottom surface in around 45 degree direction. The shear stress area accords with
the internal crack area also (Figure 10). In case O1 and O3, shear cracks reach
almost corner, left side of bottom, of the column, so the stress transfer only along
the shear cracks. However in case O8, shear cracks does not reach the corner and
stops at bottom surface which is fixed, so the stress can transfer from bending bar
to the bottom surface through compression strut widely. This may be the reason
for that the load of O8 is still increasing at the displacement of 1.3mm.

Case O1
(at displacement of 1.3mm) (at displacement of 1.3mm) (at displacement of 1.3mm)

-10 30 (Mpa)
Figure 8: Stress distribution of Open cases

Case O1 Case O3 Case O8
(at displacement of 1.3mm) (at displacement of 1.3mm) (at displacement of 1.3mm)
0 15 (Mpa)

Figure 9: Shear Stress distribution of Open cases

Case O1
(at displacement of 1.3mm) (at displacement of 1.3mm) (at displacement of 1.3mm)
(Green: 0.03mm width crack, Yellow: 0.1mm width crack)
Figure 10: Internal cracks for Open cases
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4. CONCLUSIONS

From the result of simulations investigating the influence of reinforcement
arrangement to the L beam-column joints, the following conclusions are made.
(1)The analysis of RBSM for L beam-column joints simulated the different crack
patterns according to the loading direction and boundary condition.

(2)The analysis of loading Close direction could not simulate the cracks in joint
area because of the boundary condition problem. This boundary condition
problem should be solved next.

(3) In the analysis of Open direction, compression strut was formed and the size
of the strut depends on the bending radius of steel bar that caused the difference of
maximum loading capacity.
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ABSTRACT

Buildings in Japan have been constructed using timber since olden times. At the
same time, Japan is a country beset by earthquake and timber buildings were
weak against fire. So, from 1950 to 1987 wooden buildings over 13m height were
prohibited by law. Revision of the Building Standards Law 2000 allowed the
construction of buildings four-story or taller with fire-resistance performance. M-
Bldg. built in 2005 is the first five-storied timber building after established
Building Standard Law in Japan. The possibilities of middle-rise and high-rise
timber buildings in Japan are extended by completion of this building and some
middle-rise timber buildings were built.

This paper describes the detail of three middle-rise timber buildings below.
Eastern Saitama Regional Development Center “Kasukabe Convention Hall” is
six storied mix structure convention hall. From 1st to 4th stories of this building
are steel structure and top of 2 stories are timber structure. “Wood Square” is
four storied timber based hybrid structure office building.””Shimouma Project™ is
five storied timber apartment house.

Keywords: seismic performance, fire resistance performance

1. INTRODUCTION

Buildings in Japan have been constructed using timber since olden times.
Traditional timber temples and shrines, such as the Horyu-ji Temple, look the
same as they did when constructed more than 1400 years ago. Many large-scale
timber buildings were constructed during that time, and include the Hall of the
Great Buddha in Todai-ji Temple (height: 46.8 m, area: 2878 m2) and the five-
story Pagoda in Toji Temple (height: 54.8 m). Even after the Meiji Era, four and
five-story timber buildings were used as factories, warehouses, and inns, until the
construction of large-scale timber buildings was restricted by the Urban Building
Law of 1919, and the Building Standards Law of 1950 further restricted the
construction of large-scale timber buildings. In 1959, the Architectural Institute of
Japan carried a resolution against timber construction to prevent fire, storm, and
flood damage, making it impossible to construct large-scale timber buildings.
Timber building height restrictions were loosened in 1987, allowing the
construction of three-story structures and buildings taller than 13 m. Eaves having
a height of more 9 m were also permitted using large sections of laminated timber.
Revision of the Building Standards Law in 2000 allowed the construction of
buildings four stories or taller with fire-resistance performance. The present study
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reports the structural and fire resistance characteristics of the first timber-based
hybrid structure in Japan, the five-story Kanazawa M building (Kanazawa M
Bldg.), constructed in 2004.

2. KANAZAWA M BUILDING

2.1 Outline of the building

The five-story Kanazawa M Bldg. (height: 14.237 m,
area: 6.195 m x 12100 m) was constructed in
Kanazawa City, Ishikawa Prefecture.(Photo 1) The
first story has a Reinforced Concrete structure and the

second to fifth stories have a timber-based hybrid
structure with built-in steel materials. Building data are
listed in Table 1, and the floor plan and elevation are
shown in Figure 1 and Figure 2.

Table 1: Building data

Architect | -architect office- Strayt Sheep
Structural | Kirino Structural Engineering Office
Design
Area | 374m’(total floor) / 74.96m’(building)
Use | School
Height | 14.237m Photo.1: External view
NUmDer | 4 stories of Kanazawa M Bldg.
of stories
Structure | RC construction(first story)
Timber-based hybrid construction(2-5 storied)
= 1 -
T ‘ |
= — — T |
i hin e (1.°] EiL
e o
Figure 1 : Floor plan Figure 2 : Elevation
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2.2 Members

The building mainly uses the structural members listed below to satisfy the
requirements for vertical load performance, seismic performance, and fire
resistance. This building is required fire resistive construction, and structural
elements are required 1 hour fire resistive period.

(1) Column, beam, and brace

The building uses laminated timber with built-in steel materials for columns,
beams, and braces to satisfy the structural and fire resistance requirements of a
five-story building. The cross section of each member is shown in Figure 3.

The column is square laminated timber (larch E105-F300, 200 x 200 mm) with
built-in square steel bars (SS400, 65 x 65 mm). The beam is laminated timber
(200 x 330 mm) with steel plates (SS400, PL-22x300). The cross section of a
brace looks identical to that of a column, which is necessary for fire resistance
certification.

(2) Floor and roof

The floors and roofs are made of reinforced concrete slabs joined together with
lag screws and steel plates built into the beams.

(3) Wall

The longitudinal walls are load-bearing and made of nailed plywood. The lateral
walls are non-load-bearing, because of setting braces.

(4) Stairs

The stairs are made of steel frames.

S = pL-23~25E5
. 65465 PL—22=15% 85
Bod || N ¥ 5 o & M
%E o n—} '}—;‘ - o = . '—E—|
i E :_.‘ y — y
2 7L e iy’ g 3 ]
."J"-?Jl_:?ig['-':ﬁ ] SEPL=22300—y o ¢ & E§T55125 b PL= 23 P5 BE
L a7 E-'HE?.EI i ]
L0 |
column beam brace

Figure 3 : Cross sections of column, beam, and brace
2.3 Structural planning

Similar to ordinary timber buildings, a five-story timber-based hybrid structure
requires verification of its safety against self weight, live load, vertical load by
snow coverage, and horizontal load under a horizontal force, such as an
earthquake or wind. Fire resistive buildings are also required to maintain building
integrity in the event of a fire. Based on these structural performance requirements,
the following structural verification was conducted on the Kanazawa M Bldg.
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2.3.1 Vertical Load

The timber and steel frame function together as a structural member in the second
to fifth stories of a timber-based hybrid structure. To clarify the function of the
timber and the steel frame about each member, the joint was designed as follows:
(1) Beam

Since the vertical deformation is equal between the timber and the steel frame,
vertical load should be shared depending on their ratio of flexural rigidity, El (E:

Table 2: Flexural rigidity ratio of timber and steel frame

E | El EI/SEI

(N/mm?) (mm?) (Nmm?)
Timber frame  1.05x10* 5.55x10° 0.583x10™ 0.366
Steel frame 2.05x10° 4.95x10’ 1.01x10% 0.634

Young's modulus, I: Geometric moment of inertia). The flexural rigidity ratio EI /
X El'is shown in Table 2.

The timber and steel frame of the beam are joined at a beam edge using drift pins
to transmit the load from the timber to the steel frame, so the steel frame bears all
the shear force at the edge. The gusset plate from the steel frame of the column
and the steel frame of the beam are joined with high

tension bolts for the column-beam connection. The holes in the side of the timber
frame are filled with timber after high tension bolts are clamped. (Figure 4).

Snow load stress on both the timber and steel frame of the beam are designed not
to exceed the short-term allowable limit, even in the very rare case of a snow load
with a vertical depth of 1.2 m (multiplied by 1.4).

(2) Column

Vertical load is transmitted to the steel frame of a column through a gusset plate,
and vertical loading of the timber is avoided using a 3 mm clearance, which is
essential for combining the timber with the steel frame. The timber of the column
functions as a buckling restraint for the steel frame, and, as the structural
experimentation, alone, the steel frame of the column buckles at about 20% of the
yield stress. However, the timber-based hybrid column did not buckle when the
steel frame yielded to axial force compression because the timber functioned as a
buckling restraint.

LLLI -
I
— |G| |
| n- - sk I:I_o- - = P
o .
NSl s
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Sl AT "
- H\"-\. - T —
N | - g T
Figure 4 : Joint (Lateral) Figure 5 : Joint (longitude)

184 New Technologies for Urban Safety of Mega Cities in Asia



ICUS Report 65

2.3.2 Horizontal load

The structural planning of the building is different from each direction. A timber-
based hybrid beam is suspended laterally and supported by columns of identical
material, and the longitudinal beam is built in a reinforced concrete slab. Damage
limit seismic force produces greater horizontal force than the load exerted by very
rare wind, as prescribed in the Building Standards Law, so horizontal resisting
elements are braces the lateral roof face and the longitudinal plywood (load-
bearing) walls.

(1) Beam

A lateral timber-based hybrid beam bears axial force and produces a reaction
force of braces during an earthquake. The steel frame bears axial force, the timber
frame functions as a buckling restraint, and calculations confirmed the absence of
buckling within the safety limits of applied axial force.

(2) Column

During a lateral earthquake, a timber-based hybrid column produces a reaction
force of braces. This column does not buckle when the steel frame yielded to axial
force compression as mentioned above.

During a longitudinal earthquake, vertical shear force is transmitted from the
plywood bearing wall to the timber of the column through the vertical frame
(Figure 5). The timber has a bearing plate of the steel frame (PL-19) at both ends
of the timber of the column, and when the timber collides against the bearing
plates, axial force is transmitted to the steel frame of the column. Therefore,
during an earthquake, the timber functions as a buckling restraint.

(3) Brace

A brace bears axial force during a lateral earthquake. Only one steel frame (PL-
22x65), at the center, contributes to the structure as the steel frames. Buckling of
the brace was not observed under significant plastic deformation of the steel frame
by compression axial force.

(4) Plywood bearing wall

A plywood bearing wall bears horizontal force during a longitudinal earthquake,
and consists of structural plywood (thickness: 24 mm), screws (diameter: 8 mm)
and both vertical and horizontal frames of laminated timber arranged around the
plywood (Figure 5). Vertical shear force of the plywood bearing wall is as
mentioned in Section (2), and horizontal shear force is transmitted from the
structural plywood to both the horizontal frame and the downstairs plywood
bearing wall through anchor bolts (M16) embedded in the reinforced concrete slab.

2.3.3 After Fire

(1) Beam

Only the steel frame bears vertical load on the assumption that the timber had
burnt completely. Although timber actually stops burning, the remaining timber
cannot be used as a structural member under present law. The vertical load is
assumed to be the same as before a fire, and for safety reasons, the steel frame
stress should not exceed the long-term allowable limit.

(2) Column

The column also bears vertical load only using the steel frame and the stress
applied should not exceed the long-term allowable limit for buckling.

(3) Brace
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The timber of a brace is also assumed to have completely burned. The wind
pressure, at the maximum momentary wind velocity of 15 m/s, is set as the
constant wind load, and both brace tension and beam bending resist the lateral
horizontal force. In this case, the steel frame stress is prevented from exceeding
the short-term allowable limit.

(4) Plywood bearing wall

A plywood bearing wall is assumed to have completely burned.

(5) Longitudinal RC beam

An RC slab has a built-in longitudinal RC beam, as shown in Figure 5. The rigid
frame structure, consisting of the RC beam and the steel frame of the column,
resists the longitudinal horizontal force produced by the constant wind.

2.4 Calculation of response and limit strength

We created an analytical model of the building based on the experimental results,
and verified the safety against seismic force by predicting response deformation
using the performance-based design method (“Calculation of Response and Limit
Strength”).

2.4.1 Verification by Safe Limit Strength Calculation
(1) Safe limit drift angle
A safe limit drift angle of 1/50 was set for both the lateral and longitudinal
directions. Since the strength of longitudinal plywood bearing wall rose to a drift
angle of approximately 1/20, 1/50, as a safety margin, is more than adequate. This
margin was set in accordance with the deformation tracking performance of a sash
window used for an outside wall of an ordinary building.
(2) Calculation of response
The experimental and analytical safety limit strength exceeded the required safety
limit strength, and the true response value is calculated as follows:
a) Creating a relation diagram of the load-deformation curve (Sa-Sd) at the
representative material point of the building
b) Calculating the acceleration (San) of input into the building at equivalent
cycles by considering building attenuation at each step
c¢) Plotting San on a straight line connecting Sa-Sd (load deformation of the
building) and  the origin at the step
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Figure 6 : Prediction of responses at the time of an earthquake
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d) The true response value is the intersection of the San curve at each step
(demand curve) and the Sa-Sd curve of the building.

Results of the calculation are shown in Figure 6. The safety against seismic force
both direction was verified. In the lateral direction, strength hardly increases after
the yielding of horizontal resisting elements. In the longitudinal direction, the
plywood bearing wall is in an elastic area, up to 1/50 of the safe limit drift angle.

2.5 Performance of M Bldg.

Besides verifying the safety against seismic force, to satisfy the fire resistance
performance required for fireproof buildings, we verified fire resistance using a
beam-loaded heating test, a column-loaded heating test, and a joint heating test.
Based on the results of structure and fire resistance research, Japan's first building
using a timber-based hybrid structure, having 1-hour fire resistance, was
completed in Ishikawa Prefecture in 2005,

3. “Kasukabe Convention Hall”” building

The Eastern Saitama Regional Development Center “Kasukabe Convention Hall”
was constructed in Kasukabe City, Saitama Prefecture in 2011.(Photo 3) This

Photo 3 : “Kasukabe Convention Hall” Bldg.
(Photo by YAMASHITA SEKKEI INC.)

Table 3: Building data
Architect | YAMASHITA SEKKEI INC.
Structural Design | YAMASHITA SEKKEI INC.
Area | 10529.08m’(total floor) / 2848.04m*(building)
Use | Convention hall
Height | 27.086m
number of storeys | 6 stories
Structure | Steel structure (1st-4th stories), Timber structure (5th-6th storiees)
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building is six storied mix structure convention hall. From 1st to 4th stories of this
building are steel structure and top of 2 stories are timber structure.

Feature of this building is that 2x80mm thick wall is used as shear walls. This
wall is made of LVL (Laminated Veneer Lumber). These seismic elements are
allowed lower fire resistance than column, beam and floor which support vertical
load, such as self weight or live load. So these members can be exposed itself
without fireproof coating and can be used as a finishing material.

4. “WOOD SQUARE” building
The “WOOD SQUARE” Bldg. was constructed in Koshigaya City, Saitama

Prefecture in 2012.(Photo 3) This four storied timber building have a timber-
based hybrid structure with built-in steel materials same as M Bldg.

Photo 3 : “WOOD SQUARE” Bldg. (left: exterior, right: interior)
(Photo by POLUS)

Table 4: Building data

Architect | JR EAST DESIGN CORPORATION
Structural Design | JR EAST DESIGN CORPORATION
Area | 6592.63m’(total floor) / 1353.51m*(building)
Use | Office
Height | 21.000m
number of stories | 4 stories
Structure | Timber-based hybrid construction

This building use the maximum timber-based hybrid beam obtained the approval
by the Minister. The beam is 663mm depth and 325 wide, H-600x200 covered by
glulam. This member can realize 12.8m span space. 641 cubic meters of glulam is
used in this building.

5. ”Shimouma Project”

”Shimouma Project” is under construction in Setagaya-ku, Tokyo.(Photo 4) This
building is five storied timber apartment house.
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Timber characteristic appearance is not only finishing member but also a
structural member. This lattice-shaped member work as a bracing.

Photo 4 : “Shimouma” Project (Photo by KUS)

Architect | KUS

Structural Design | M.Koshihara, T.Sato, Y.Kirino
Area | 122.89m’(total floor) / 92.83m?(building)
Use | Apartment
Height | 16.200m

Number of stories | 5 stories

Structure | RC structure(1st story)
Timber structure(2-4 story)

6. CONCLUSION

After completion of M Bldg. various middle-rise timber building were constructed
and will be construct. A technology of middle-rise timber building about seismic
performance and fire-resistance performance is developing. New technology will
create new timber architecture. Eve in the city we have a new choice, timber
structure, not only steel structure and RC structure.
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ABSTRACT

Along with economy's growth, energy demand is rising unceasingly. Many
countries are increasing oil reserves to satisfy the daily industry and national
defense requirements. When unexpected events happen, oil reserves are important
to national stability. In recent years, many oil tank accidents caused by lightning
occurred, which means that studying on the disaster risk assessment model of the
oil tank in lightning weather has practical significance.

In this paper, models of lightning and floating roof tanks were established
according to domestic and international standards. The risk probability of
lightning hitting oil tanks was calculated using these models. After that, the risk
probability of fire when lightning hit oil tanks was estimated according to some
experimental results. Finally, practical methods for lightning protection in oil
tank areas were given.

Keywords: lightning, floating roof tank, fire, probability, risk assessment

1. INTRODUCTION

With the continuous development of economic, many countries are increasing oil
reserves to satisfy the daily industry and national defense requirements. The
expansion of oil reservoirs cause safety risks. Oil tanks are often used to store
toxic, flammable or explosive chemicals. Once accidents occur, a great deal of
heat and dangerous substances will be released, causing serious casualties and
economic losses. Among those accidents, lightning-caused accidents account for a
large proportion. According to statistics, in 529 oil tank fire incidents, 31% were
caused by lightning (Drabkin M. M. and Grosser A, 2006). There were several
serious accidents caused by lightning hitting oil tanks, such as the Huangdao oil
depot fire in August 12, 1989, and the Orion Noroo Oil refinery fire in July 7,
2001. Therefore, lightning protection in oil tank areas is very important. In this
paper, the risk of lightning hit floating roof tanks was evaluated and the
probability of fire caused by lightning was calculated.
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2. MODELS OF LIGHTNING AND OIL TANKS
2.1 Model of lightning

Thunderclouds contain positive and negative charge. When the electric field
strength reaches a certain threshold, the air between thundercloud and ground (or
another thundercloud) will breakdown, forming a discharge. This is lightning. The
three most common types of lightning are Cloud-to-Cloud (CC) lightning,
positive Cloud-to-Ground (CG) lightning and negative CG lightning. CC lightning
has little effect on the ground, positive CG lightning only occurs in some
particular natural disasters. Therefore, we mainly consider the prevention of
negative CG lightning in lightning protection. Each lightning discharge consists of
one or more partial lightning strikes (DEHN 2011). The possible combinations of
partial lightning strikes are shown in Figure 1.

-1 & -l &

First impluse current

long-time current

Sequential impluse currents

kmk: A,

0 t

Figure 1: Possible combinations of partial lightning strikes

In a lightning current, first impulse current always exists and is the maximum, so
we only consider first impulse currents in this paper.

Lightning currents are load-independent. According to International Electro
technical Commission (IEC) standard IEC 62305-1 (IEC 2010), the current shapes
of impulse currents in lightning can be approximated as:

192 New Technologies for Urban Safety of Mega Cities in Asia



ICUS Report 65

(t / 7 )10

4
= — * _t 2 1
Tk 14/ 7)° et/ ) =

Where i is lightning current (A), | is the peak current (A), t is the time (s), 71 is the
front time constant (s), 72 is the tail time constant (s), k is the correction factor for
the peak current. For the first negative impulse, 71=1.82us, 72=285us, k=0.986
(IEC 2010).

The amount of charge discharged by lightning, Q (C), equals to i on t integral:
Q=1x2.872x10"s (2)

Distribution of peak current can be obtained according to statistical data. As we
don't have statistical data, Chinese standard DL/T 620-1997 (Ministry of Electric
Power Industry of the People’s Republic of China 1997) is used to estimate the
distribution:

lgP=-1/88 3)

Where | is current (kA), P is the probability of lightning's peak current exceeding
l.

2.2 Model of oil tanks

There are two kinds of oil tanks: metal tanks and nonmetal tanks. Because of their
poor electrical conductivity, nonmetal tanks usually bring sparks when hit by
lightning. That is dangerous. Furthermore, when a nonmetal tank catches fire, it is
hard to put out the fire. The serious fire in Huangdao oil depot was caused by
lightning which hit a nonmetal tank, the fire couldn't be put out until it burnt the
whole oil tank area. After that accident, constructing nonmetal tanks to store oil is
forbidden in China. Nowadays, large oil tanks are usually floating roof tanks
made by metal. Unlike nonmetal ones, metal tanks have low resistance and have a
good electromagnetic shielding ability. Therefore, induced lightning has little
impact on metal tanks. So we only consider direct lightning in this paper.

Basic structure of a floating roof tank is shown in Figure 2.

Floating
roof - Bam seal

/’/—\ shell

N—

Figure 2: Basic structure of a floating roof tank
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The floating roof floats as the liquid level changes. The gap between the floating
roof and the tank shell is about 250mm wide. In order to reduce the leakage of oil
gas, rim seal is used. Currently, most floating roof tanks use a primary seal and a
secondary seal. There are three kinds of primary seal: mechanical seal, elastic seal
and tubular seal. Mechanical seal reduces leakage by pushing steel plates against
the tank shell using a boom system. Elastic seal and tubular seal are collectively
referred to as soft seal. Soft seal reduces leakage by filling the gap with elastic
material (foam or liquid).

There are a set of floating roof tanks' dimensions in a manual (Zhengxi Li and
Siwen Xu 1997), as shown in Table 1.

Table 1: Standard dimensions of floating roof tanks in reference document

Volume/m?® | Diameter/m | Height/m
10000 28.50 15.85
20000 40.50 15.85
30000 46.00 19.35
50000 60.00 19.35
100000 81.00 21.10

In practice, tanks' volume and dimensions may be adjusted according to local
conditions.

3. CALCULATION OF PROBABILITY OF ACCIDENTS
3.1 Probability of lightning hitting a tank
According to IEC standard IEC 62305-2 (IEC 2010), the average annual number

of dangerous events due to lightning Np (a™) can be calculated using the following
formula:

Np=Ng-Ap-Cpx10° (4)

Where Ng is the lightning ground flash density (km™ a), Ap is the collection area
(km?), and Cp is the location factor.

According to Chinese standard GB50057-2010 (China Machinery Industry
Federation 2010), when statistical data are unavailable, Ng can be estimated by:

Ng=0.1Ty4 (5)

Where Ty is the number of thunderstorm days per year. Take Qingdao City (where
Huangdao oil depot fire happened) for example, T4=23. So Ng=2.3/km?/a
according to the formula, which means that there will be 2.3 events of lightning
hit ground in 1.0 km? per year on average.
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The collection area Ap of a building with a height of H and a radius of R is:
Ap=n(R+3H)? (6)

Large oil tanks are often built near each other, thus they are surrounded by objects
of the same height or smaller. So Cp is 0.5 according to IEC 62305-2.

By taking different tank dimensions in Table 1 into these formulas, we got
different Np of tanks of different volume, as shown in Table 2.

Table 2: Average annual number of lightning hitting tanks

Volume/m® | Ap/m® | Np/ km™? a*t
10000 1.20x10* | 0.0138
20000 1.44x10* | 0.0166
30000 2.06x10% | 0.0237
50000 2.44x10% | 0.0280
100000 3.38x10% | 0.0389
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Figure 3: Average annual number of lightning hitting tanks
It can be seen that larger oil tanks are more likely to be hit by lightning.
3.2 Probability of spark causing fire

In recent floating roof tank accidents in China, most of the fires caused by
lightning started at the rim seal. Shunts on the secondary seal are the main sources
of ignition in floating roof tank fires. In most floating roof tanks, shunts are set up
at intervals of 3m or less. The intervals are assumed to be 3m in this paper. We
can calculate the number of shunts on tanks of different dimensions by dividing
3m into the circumference. Experimental results show that a shunt will generate
sparks when the lighting reaches a peak current of about 400A (Haiyan Hu et al.
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2011). The floating roof is metal and is very large, thus it has low resistance.
Therefore, we consider the floating roof is equipotential and all the shunts are
parallel connected. So lightning should reach a peak current of nx400A, where n
is the number of shunts. According to formula (3), the probability of lightning
cause sparks can be calculated. We can get the average annual number of such
events by multiplying the average annual number of lightning hit tanks. The result
is shown in Table 3.

Table 3: Probability of lightning causing sparks on tanks

Volume/m® | Number Peak Current | Probability | Annual Number
of Shunts | Needed/kA of Events

10000 30 12 0.73 0.0101

20000 43 17.2 0.64 0.0106

30000 49 19.6 0.60 0.0142

50000 63 25.2 0.52 0.0145

100000 85 34 0.41 0.0160

It can be seen that the probability of lightning cause sparks decreases slowly as
the tanks get larger. But considering that larger tanks are more likely to be hit by
lightning, the average annual number of lightning cause sparks increases as the
tanks get larger.

If sparks occur and the concentration of oil gas reaches the explosive limit, the oil
gas will explosion. According to statistical data, in 4% of tanks that using soft
primary seal and 19% of tanks that using mechanical primary seal, the
concentration of oil gas between the primary seal and the secondary seal are
beyond the explosive limit (Xuging Lang et al. 2008).

By multiplying the average annual number of lightning cause sparks by the
probability of oil gas reach the explosive limit, we get the average annual number
of lightning cause fire by sparks.

Table 4: Annual number of lightning causing fire by sparks

Volume/m?® | Using Soft Primary Seal | Using Mechanical Primary Seal
10000 0.000403 0.01915
20000 0.000424 0.02012
30000 0.000568 0.02700
50000 0.000579 0.02752
100000 0.000640 0.03038
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Figure 4: Annual number of lightning causing fire by sparks

In fact, in tanks that using mechanical primary seal, sparks can occur at some
parts other than shunts, like the gap between the seal plates and the tank shell. So
the actual annual number of accidents in tanks that using mechanical primary seal
should be higher than the estimated value in this paper. Comparing to tanks that
using soft primary seal, such accidents are much more likely to occur on tanks
that using mechanical primary seal. That is in line with the fact that almost all the
recent floating roof tank fires caused by lightning in China occurred on tanks that
using mechanical primary seal (Hong Gong et al. 2008).

3.3 Other possible accident forms

There are other ways how lightning can cause oil tank fires. For example, oil gas
leaks through the rim seal and reaches the explosive limit, and then lightning can
ignite the oil gas and cause a fire. However, the leak rate of floating roof tanks is
very low under common condition, and the concentration of oil gas is far below
the explosive limit. Large amounts of leakage can happen only when loading and
unloading oil. This kind of accidents can be avoided by using weather forecast
and avoiding loading or unloading oil during a thunderstorm. Therefore, this
paper does not consider the probability of such accidents.

4. CONCLUSIONS

This paper computes the probability of direct lightning strokes causing floating
roof tank fires by sparks at the rim seal. Based on these data, we can draw the
following conclusion: comparing to tanks using soft primary seal, tanks using
mechanical primary seal are more likely to catch fire due to lightning. This
matches the actual situation of recent floating roof tank fires caused by lightning
in China.

To reduce the accident rate of floating roof tank fires caused by lightning, the
following methods can be used.
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(1) Reduce the probability of lightning struck a tank. Direct lightning strokes can
only cause fire when they hit oil tanks. When selecting oil depot sites, try to avoid
the lightning-prone areas. For oil depots that have already been built, set up
lightning rods to reduce the probability of lightning struck a tank.

(2) Reduce the use of mechanical seals. Although mechanical seals have long life
and are easy to maintain, their ability of defense is not as good as soft seals. In
lightning-prone areas, less mechanical seals and more soft seals should be used.
(3) Improve shunts on the rim seal. If shunts don't produce sparks any more, the
accident rate of floating roof tank fires caused by lightning will decrease
significantly. Currently, there are some attempts. For example, the American
Petroleum Institute (API) put forward that shunts should be moved to 0.3m below
the oil surface (American Petroleum Institute 2009), and China Petroleum &
Chemical Corporation put forward that wax scraping device can be used as shunts
(Haiyan Hu et al. 2011). Although these ideas are not mature now, it is inevitable
that shunts on the rim seal should be improved in the future.
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ABSTRACT

This paper presents a hybrid time reversal process method (HTRPM) for the
structural damage detection. The HTRPM is characterized by three key features:
(1) In the HTRPM, the forward process of the time reversal process is conducted
by the measurement while the backward process is conducted by the computation;
(2) For structural damage detection, the damage signal is obtained by extracting
the comparison signal from the signal reconstructed by the time reversal process;
(3) The imaging method is used to visualize the damage location by using the
damage signal. The HTRPM is applied to the aluminum plates and composite
laminated plates. Experimental results show that the proposed HTRPM can
successfully detect the damages generated in the plate specimen.

Keywords: structural damage, damage detection, hybrid time reversal process
method, time reversal, plate

1. INTRODUCTION

Lamb waves are the guided waves which can travel a long distance in the thin-
walled structures such as the plates (Viktorov, 1967). When the guided wave
travels through a region where damages exist, scattering may occur in all directions
to change the characteristics of the guided wave. Thus it is possible to detect
structural damages by comparing the response signals measured at the damaged
state with the baseline date measured at the intact state. As the baseline date may
change due to the change of environmental or operational conditions, the baseline-
based damage detection methods often provide inaccurate damage detection results.
Thus, recently some researchers (Wang et al., 1998; Park et al., 2007) have
proposed some baseline-free damage detection methods by using the time reversal
process (TRP) of Lamb waves.

The standard TRP consists of two processes which are conducted by actuator
and sensor-based measurements: the forward process and the backward process. In
the forward process, an input voltage is applied to a PZT actuator (say, PZT A) and
the response signal is measured by a PZT sensor at other location (say, PZT B).
The measured response signal is then time reversed and it is used as the input
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signal for the next backward process. In the backward process, the role of PZT A
and PZT B is reversed: PZT B now plays as the actuator and PZT B as the senor.
The time reversed measured response signal is applied to PZT B and then the
response signal is finally measured by PZT A. The response signal measured by
PZT A is called the reconstructed response signal. If there are no damages on the
paths between PZT A and PZT B, the reconstructed signal will be identical to the
initial input signal applied to PZT A: this is the case of the perfect time reversal of
the non-dispersive waves. However if there exist damages on the paths between
PZT A and PZT B, the time-reversibility of the Lamb waves will be break-down.
Thus the difference between the initial input signal and the reconstructed response
signal has been used for detecting damages in the baseline-free damage detection
methods (Wang et al., 1998; Park et al., 2007).

In the standard TRP, both forward and backward processes of the TRP are all
conducted by the actuator and sensor-based measurements. In most existing TRP-
based damage detection methods (e.g., Park et al., 2007), the pattern comparison
methods have been widely used, where the shape of the initial input signal is
compared with that of the reconstructed response signal for detecting damages.
Very recently Lee and Choi (2010) and Lee et al. (2012) proposed a hybrid TRP
where the measurement-based backward process is replaced by the computation-
based process. The advantages of the hybrid TRP over the standard TRP can be
referred to Jun and Lee (2012). As the shape of initial input signal can be changed
during the TRP by many other reasons than the damage itself, the conventional
pattern comparison methods may not be always appropriate.

Thus this paper presents a hybrid TRP-based baseline-fee damage detection
method where damage signals are used to visualize damage locations by using an
imaging technique.

2. GENERAL PROCEDURE OF STRUCTURAL DAMAGE DETECTION
2.1 Computation of the reconstructed signal

The general procedure of the hybrid TRP to obtain the refined reconstructed
signal by an actuator-sensor PZT pair is as follows (Lee and Choi, 2010; Jun and
Lee, 2012):

(1) Exert a narrowband tone-burst input signal to an actuator PZT placed at a
location (location A) of the plate under inspection as illustrated in Figure 1. The
center frequency of the input signal is chosen to excite Lamb wave Ay and Sp
modes only and it is tuned so that A, mode becomes dominant over Sop mode.

(2) Measure the response signal at other location (location B) of the plate by
using a sensor PZT.

(3) Refine the measured response signal by removing small So mode which
comes first at the sensor PZT.

(4) Reverse the refined measured response signal in time.

(5) Compute the refined transfer function by dividing the refined measured
response signal by the input signal applied at the location A.

(6) Compute the reconstructed response signal by multiplying the time
reversed refined measured response signal (used as a new input signal applied at
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the location B) and the refined transfer function. The result is illustrated in Figure
1.

The above procedure is repeated for all other actuator-sensor PZT pairs or
Lamb wave propagation paths. The benefit of the hybrid TRP is to remove
excessive unnecessarily wave signals otherwise to be generated by the Sy mode
from the refined reconstructed signal, which will make the signal processing much
simple and efficient. In order to improve the damage detection results obtained by
using the imaging method (Wang, 1998; Ihn and Chang, 2008; Jun and Lee, 2012),
the wavelet transform (WT) is applied to the reconstructed response signals. From
the time-frequency responses obtained by WT, the time responses at the center
frequency of the input signal are extracted and used as the final forms of the
reconstructed response signals.
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Figure 1: Input signal and reconstructed response signal

2.2 Damage detection method

The reconstructed response signal for a specific actuator-sensor PZT pair in
general consists of a main wave packet and single pair (multiple pairs) of
sidebands due to a single damage (multiple damages). As a unique feature of the
TRP of Lamb waves, the sidebands always appear on both sides of the main wave
packet in a symmetric form. For instance, a pair of sideband illustrated in Figure 1
is formed by the wave signals which propagate back to the initial input excitation
point (location A) via the damage during the forward and backward processes.
Thus, the TOA (time of arrival) of each sideband signal can be computed by using
its group velocity and traveling distance. The traveling distance of a sideband is
determined by the linear distance between two PZTs used as an actuator-sensor
pair and the location of damage. This implies that the TOA of each sideband
contains damage information. Thus, the TOA of each sideband can be used to
detect damage.

The pattern comparison methods have been used in the previous TRP-based
damage detection methods (e.g., Park et al., 2007) where the difference between
the initial input signal and the main wave packet part of the reconstructed signal is
used to detect damage. However, the difference may come arise due to not only
the damage but also the other sources such as the dispersive and damping
characteristics of a structure. Thus, instead of using the pattern comparison
method based on the difference between the initial input signal and the main wave
packet part of the reconstructed signal, the TOFs of the sidebands will be used to
detect damage.
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Figure 2 shows an input signal and the corresponding reconstructed response
signal for a specific actuator-sensor PZT pair. It is obvious from Figure 2 that the
shape and magnitude of the reconstructed response signal are not identical to
those of input signal due to the effects of damage, damping, and dispersive
characteristics of the structure. Thus, in order to use the sideband signals on both
sides of the main wave packet for damage detection, the authors propose a method
to remove the main wave packet from the reconstructed response signal by
utilizing the input signal (Lee and Choi, 2010).

The input signal can be modified in magnitude and phase so as to match with
the shape of the main wave packet of the reconstructed response signal. The shape
of the main wave packet part is characterized by three parameters as displayed in
Figure 3. The input signal modified in such a way is called the comparison signal
and it is compared with the reconstructed response signal in the top of Figure 4. In
Figure 4, all signals are displayed in enveloped forms. By subtracting the
comparison signal from the reconstructed response signal, the main wave packet
part can be removed to obtain the damage signal which now contains only the
sideband on the right-hand side of the main wave packet. The damage signal for a
specific wave propagation path between PZT A and PZT B is displayed in the
bottom of Figure 4. The damage signals for other wave propagation paths can be
obtained in the similar manner for the use in the damage detection. By applying
the imaging method to damage signals, the damage locations can be visualized as
a color image (lhn and Chang, 2008; Jun and Lee, 2012).
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Figure 2: Comparison of the input and reconstructed signals
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F — Reconstructed signal A->B
...... Comparing signal /\_/\
N i N L e

20 40 100 120 140

=

Normrelized

OO

60 80
Time (ps)

[
T

— Damage signal
A->B

Norrelized

GO 20 40 60 80 100 120 140
Time (us)

Figure 4: Damage signal for the wave propagation path between PZT Aand PZTB
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3. EXPERIMETAL RESUTLS AND DISCUSSION
3.1 Experimental set-up

The experimental setup used for the present study is shown in Figure 5. It consists
of a data acquisition (DAQ) system, a function generator, a linear amplifier, three
digitizers, a personal computer, and the plate specimen with four surface bonded
PZTs. The LabView waveform generator is used to generate a narrowband tone-
burst analog signal. The analog signal is then transformed into the digital signal
and exerted to a PZT by the function generator, after being amplified by the linear
amplifier. The response signals are measured by other three PZTs and stored in
the DAQ system via the digitizers. The personal computer is used to conduct the
signal processing of the measured response signals, the computation-based
backward process of the hybrid TRP, and the diagnostic digital imaging process.
The damage in the aluminum plate is represented by the added mass (circular steel
bar of diameter 10mm) attached on the plate surface.
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Figure 5: Experimental set-up for the present study
3.2 Experimental results
Experimental results of damage detection are displayed in Figure 6 for the

aluminum plates with single damage and two damages and in Figure 7 for the
composite laminated plate with single damage.

0 100 200 300 400 500 600 700

(@) Single damage
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Figure 6: Damage detection results for the aluminum plate with (a) single damage
and (b) two damages
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Figure 7: Damage detection result for a composite laminated plate with single
damage

Figures 6 and 7 show that the present hybrid TRP and imaging method-based
damage detection method is quite successful to detect damages generated in the
metallic plate as well as in the composite laminated plate.

4. CONCLUSIONS

A hybrid TRP and imaging method-based structural damage detection method is
proposed in this paper. The damage signals obtained by extracting comparison
signal from the reconstructed response signal are used for structural damage
detection. Experimental results show that the proposed structural damage
detection method can successfully detect damages generated in the aluminum and
composite laminated plates.
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ABSTRACT

The population of Ulaanbaatar city is increasing rapidly in connection with the economic
growth and infrastructure of our country. This leads to the construction of buildings and structures
that don't fulfill urban development and fire safety requirements built on areas and grounds that
don’t fulfill standard requirements, as well as to the formation of carelessly built streets and ger
district concentration. These all lead to the situations increasing of possible fire risks and to the
troubles to the firefighting measures.

From previously carried out studies we can see that the amount of fire occasions, damage
size caused by them, as well as the scope of such incidents is permanently increases. This shows
that an urgent situation for performing fire risk research works to incorporate this study and
research works to the Ulaanbaatar city’s emergency situation map.

During carrying out of this research work the legal environment isn’t clear enough for the
terminology and definition of buildings and structures including of high buildings, as well as for
providing of fire safety. For example, the following don’t fulfill the requirements of standards,
norms and rules. These are: evacuation road and exits, safety sizes between buildings and
structures, internal and external water supply, ventilation, smoke circulation system, firefighting
first aid and equipment, auto-mechanic ladder for evacuation and rescue operations, fire
resistance of building structures etc. From this we observed the need of implementation of state fire
inspection and control, as well as the fire prevention measures and operations. Thus these issues
should be solved. This research work is a work that attempts a new approach by covering all above
stated factors as a whole issue, assessing of fire risks of Ulaanbaatar city and incorporating the
achieved results to the emergency map. As we assessed the fire risks of Ulaanbaatar city based on
this research work we came to conclusion that an abrupt renovation works should be implemented
urgently at the level of taking measures for risk decreasing. Thus, it is urgently required to carry
out the management and measures to eliminate the vulnerable and disadvantageous issues.
Furthermore, we came to conclusion that it is inevitably required to incorporate the following
issues to the standards, norms and rules. These are the application of modern technic and
technologies for providing of fire safety of building and structures, especially of high buildings, as
wells the utilization of recent construction materials.

209



October 2012, Ulaanbaatar, Mongolia

210 New Technologies for Urban Safety of Mega Cities in Asia



The seismic-engineering survey among
multi-store constructions within
the territory of Ulaanbaatar City

Batsaikhan TSERENPIL, Sergei SEREBRENNIKOV?, Baatarsuren GANBOLD?

'Head laboratory, Research Center of Astronomy and Geophysics MAS,
Ulaanbaatar, Mongolia

batsaikhan@rcag.ac.mn

’Institute of the Earth’s Crust SB RAS, Irkutsk, Russia

3Researcher, Research Center of Astronomy and Geophysics MAS, Ulaanbaatar,
Mongolia

ABSTRACT

The article presents brief analysis of data to validate initial seismicity
Ulaanbaatar city and engineering-geological conditions for construction. There
were built numerous multi-store constructions within the territory of UB in the
past 10 years.

The status of soil under construction area of those high buildings had undergone
through the analyzes, that were based on the results of seismic-engineering
studies made within the territory of those buildings.

The authors give key parameters settlement accelerogram for a platform of
buildings(for example Koyoto company building site): the maximum values of
acceleration of fluctuations of soil, the frequency of the basic maximum of a
spectrum.

Keywords:seismic-engineering, multi-store construction, acceleration, frequency,
seismic wave

1. INTRODUCTION

Central Asia is a region with a high level of seismic hazard. The deformation in
Mongolia can be attributed to the collision and subsequent penetration of the
Indian plate with respect to Eurasia. In northern Mongolia there is extensional
tectonics component related to the active Baikal rift system. Continental
earthquakes are distributed over large regions and typically have shallow depths,
in the range of 10 to 25 km beneath the surface. During last century, Mongolia has
been known one of the most seismic active intra-continental regions in the world
with several very large earthquakes. Since the year 1900, there were occurred 69
earthquakes with M> 6.0. Among them 44 earthquakes were with magnitude
6.0< M< 7.0. In the magnitude range of 7.0< M<8.0, there were 20 earthquakes
and very large M>8.0, 4 earthquakes have taken place in Mongolia so far:
Tsetserleg 1905 with magnitude M = 8.0, produced 190 km length of surface
rupture;

Bulnai 1905, with magnitude M = 8.4, produced 375 km long of surface rupture;
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Fu-Yun 1931, with magnitude M = 8.0, produced 180 km long of surface rupture;
Gobi-Altai 1957, with magnitude M = 8.2, km produced 270 km long of surface
rupture.

These major continental earthquakes occurred along active faults that have very
long recurrence intervals (~3000 years for the 1957 earthquake; Ritz et al 1995).
However, the large number of active faults capable of producing a devastating
earthquake (Mw 6.5+) in Mongolia makes the prospect of strong events very
concerning.

2. BRIEF ANALYSIS OF DATA TO VALIDATE
INITIAL SEISMICITY ULAANBAATAR CITY

In last few decades, most scientists working in Mongolia focussed on these largest
earthquakes and their spectacular impact on the landscape. They considered that
the main tectonic and seismic activity takes place in the west of the country,
several hundred kilometres from Ulaanbaatar. However, the most recent
earthquake with Mw>7 happened near Mogod (1967, Mw=7.2), a mere 250 km
from the capital city. Due to the relatively recent settlement of Ulaanbaatar in the
Tuul Valley, knowledge of historical earthquakes in the region is limited and only
covers a few centuries, i.e. a fraction of the several millennia long recurrence
periods.

For an estimation of separate building sites in territory of Ulaanbaatar the reliable
justification of its initial seismicity on the basis of the data on a geological
structure, tectonics, data on strong earthquakes [1], EQ zones and to their key
parameters, the return period and its likelihood estimations (Solonenko, 1985;
Solonenko, 1959; Dzhurik, 2004) is necessary.

For territory of Ulaanbaatar now such estimations don't exist, and initial
seismicity is accepted according to the acting, confirmed map (the Map of seismic
zoning into districts MNP, 1985 (Solonenko, 1985) and Mongolian Building
document 22.01*/2006 (BH6/1 22.01*/2006). According to this map and the city
territory is carried to intensity 7. Return period of EQ with intensity 7 is 1 times
per 1000 years.

In relation to size of the accepted initial seismicity it is necessary to notice that the
territory of Ulaanbaatar is in the Mongol-Baikal seismic zone, one of the most
seismoactive on the Earth (Medvedev, 1971). Therefore to problems of seismic
division into districts and seismosafety of a city it is given particular attention.
Last 30 years near of the city there were some notable earthquakes to a power
class (K) equal 8-11. Their epicenters are located in radius of 10-60 km and cover
presumably sites with the raised seismic potential. Earthquakes (around 10) with
K>12, in radius to 300 km, were felt in a city with force of 3-6 intensity, but on
considerable damages was not informed. This position is confirmed also with the
data of the registered epicenters of earthquakes with 1964 on 2009, with inclusion
of the data of registration by a network of modern digital seismic stations. The
basic source the zones influencing initial seismicity are located from 75 to 300 km
(Figure 1), potential from 0-10 to 300 km. Therefore there are bases to consider
that the initial seismicity of a city estimated intensity 7, needs its specification or
revision taking into account the received new data on a geological structure,
tectonics, seismicity and probability of strong earthquakes (Dzhurik, 1995).
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On the basis of told, in the present conclusion initial seismicity is accepted
according to operating standard documents for territory of Ulaanbaatar and
intensity is equals 7 (Batsaikhan, 2008) though this estimation is not declared on a
modern seismic situation of a city. It is necessary for considering to designers and
builders.

Today, some recent observations raise strong concerns on seismic activity around
Ulaanbaatar. The number of potential and still unknown fault structures in the
region beneath a Hustai, Emeelt and Gunjiin active fault area which is located
about 10 to 40 km west and 10 km to east of Ulaanbaatar have been discovered.
See Figure 2. These sceintific findings dramatically altered our view on the
relative seismic quiescence about Ulaanbaatar.

Sesmicrty at dstance of 350 km from capital Ulaanbaatar
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Figure 1: Map of epicenters of EQ between 1964 and 2010 years
and the EQ’s generation zone (signed by white circle).
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Figure 2: Potential active fault structures around Ulaanbaatar city.
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The high seismic activity of Ulaanbaatar area starts from middle of 2005 and still
continues up to today. The number of earthquakes occurred between 1970 and
2009 contains totally 2420 events, 900 events recorded during 1970 - 2004 and
1340 events occurred from 2005 to 2009. There were 508 earthquakes
corresponds only for 2009, and 510 events were already occurred mid of 2010.
See Figure 3. These statistics showing seismic activity is increasing and migrating.
Distribution of these swarms, with more than 2000 events, has interconnected to
the major active structures in Ulaanbaatar area by a steeply dipping fault surface
striking East-West Hustai and North-South Emeelt fault. The Hustai fault area is
activated by the 2009 and 2010 swarms. It shows probable main potential
structure which may produce large earthquakes, starts to be cracking and moving.
Most activity is occurring east end of the Hustai active fault and shows somehow
connection between these two active faults as well as there is Gunjiin faults in the
same structure.

Figure 3: Seismicity around Ulaanbaatar

The facts:

Important seismic activity has been taking place near and within Ulaanbaatar
since 2005. This concerns 1) the Emeelt area with small but numerous events
perfectly aligned and showing a large deep active fault, 2) several earthquakes of
magnitude 4 and more took place during last 5 years in the vicinity of Ulaanbaatar,
some of them were actually felt by inhabitants of Ulaanbaatar.

Large active faults have been identified less than 30 km from Ulaanbaatar (e.g.
Hustai, Emeelt and Gunjiin, see Fifure 4). Their morphology indicates they are
capable to produce earthquakes of magnitude 6.5 to 7.5.

An earthquake rupturing one of these faults will produce at Ulaanbaatar severe
ground shaking of an Intensity of VIII to X at rock (VIII is associated with many
collapses of weak buildings - X is associated with many collapse of buildings well
made in concrete without earthquake resistant conceptions). These intensities will
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be increased (and the related destructions) for buildings on sediments due to site
effect amplification. This is the case for the most part of the city, which sits within
a sedimentary basin.

Figure 4: Map of seismic activity and active faults around Ulaanbaatar

3. CALCULATION OF SEISMIC DANGER IN POINTS DEPENDING
ON SOIL CONDITIONS OF PLATFORM OF BUILDING

The design procedure of seismic danger in points meets the requirements of
existing standard documents, both in Russia, and in Mongolia. For calculations of
seismic danger of a platform the acoustic stiffness method was used. The
increments of intensities were estimated by comparison of seismic characteristics
of soils, received by direct measurements under Medvedev's formula [10] and
agree Tables Nel:

AJpv=1.6719(p> Vslpi* Vi) (3.1)

where p, V, and pi V; - acoustic stiffness reference and investigated of grounds,
AJ - settlement values of increments of intensities.

For water sated of soils to the formula (3.1) the amendment is entered, agrees
expressions:

Alowi = K *e 004 (3.2)

The factor "K" for territories where prevail sandy and clay grounds in the top 10
meters layer, is accepted equal 1; where maintenance of gravel, a pebble,
rockwaste, landwaste, boulders is more than 70 %, is equal 0,5. If level of ground
waters is located below 10 m from a surface, amendment AJgw. iS not entered.
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Resonant properties of a layer soul of grounds are estimated through calculation
of frequency characteristics (Section 3.2). The amendment for a relief is entered at
its inclinations from a horizontal more than 15 degrees. In our case of such
amendment it is not required.

Thus, for an estimation of seismic danger in points, are necessary: a standard
choice, definition of average speeds of seismic waves in the top 10 meters layer
soils, their volume weight and depth Ground Water Level.

Speeds of seismic waves were measured by a method of the refracted waves
(Dzhurik, 1998) 24 channels digital station MCcSEIS-SX 24 XP (Japan).
Measurements were spent separate search with maintenance counter and making
up hodograph. The length hodograph made 46 m. Excitation of seismic
fluctuations by means of blows. The binding on district was carried out on GPS
geodesies. Supervision were spent with possibility of registration of longitudinal
and cross-section waves. Such measurement technique allows to receive average
values of speeds in the top zone of a cut to depth of 10-30 m.

Point measurements Latitude Longitude
MS 637 47,90021°N 106,91029°E 1283m
MS 649 47,90041°N 106,91038°E 1283m
MS 661 47,90061°N 106,91046°E 1283m
Seismic station 47,90017°N 106,91035°E 1283m

Figure-5. Example. The scheme of an arrangement of points of
seismosounding near of the territory of “Coyote” company
(blue color lines) and mobile seismic station (white color ellips).

By the technique stated above it is direct on a building site it is executed
seismosoundings (Figure 5) for studying of speeds of seismic waves in Rock
"reference” and average not water sated soul grounds more than 20 searching.
Characteristic counter seismograms of records of useful waves are presented in
Figure 6, 7.

Speeds of seismic waves in "reference” Rocky grounds were measured on their
exposures in a vicinity of Ulaanbaatar. For an estimation of their most probable
values were used as the share and literary data about measurements of speeds of
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seismic waves in soul and Rocky grounds around Ulaanbaat;ar (Dzhurik, 1998;
Dzhurik, 2001; Batsaikhan, 2006) and it is direct in its territory in a vicinity of the
platform (Dzhurik, 1980; Dzhurik, 1989; Dzhurik, 1995). The most probable
average values of speeds in the top 10 meter layer of Rocky grounds are As a
result established. Were for this purpose used and the conclusions drawn authors
received earlier (Seismic division into districts., Solonenko, 1971).

Figure-7. Seismogram (see Figure-5, point MS-649).

Calculation of intensity of seismic danger under the formula 3.1 and 3.2,
concerning reference rocky soils, leads to value of an increment of intensity for a
platform of building at the expense of seismic rigidity (AJ,v) equal 0,834:
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A= 1.67-g (2,5-2400) / (2,11-725) =0,991

where: 700 — average speed of P- waves in 30 meter layer on a site of building of
a complex.
The amendment at the expense of depth of GWL (AJew) is equal 0,451 points at
h=1,6m:

Alow= 0,5-exp (-0,04-h%)=0,451

As a result the total increment of intensity will constitute 1,442, and intensity of
seismic danger of a platform of building on a method seismic rigidity is estimated
in 7,44,

4. SEISMIC INFLUENCES ON A CASE OF STRONG EARTHQUAKES

The basic maxima of spectra of "accelerations” (spectral density in sm/sec, T - the
period in second, f = 1/T — frequency of fluctuations in Hz) have on frequencies
1,27 - 3,3 Hz, and their maximum values are equal 32,9 and 17,7 sm/sec, for
component NS and Z. The spectrum of accelerations is specified in the sense that
as the initial information for calculations digital record accelerogram set serves in
sm/s®. Under this data it is possible to calculate a considerable quantity of the
spectra, which used for the decision of various tasks, including for calculations of
frequency characteristics and spectra of reaction for concrete constructions in
sm/sec®. For realization of calculations, data on construction attenuation in the
latter case are required.

The maximum values of acceleration of fluctuations of soil for EW and Z a
component reach values of 136 and 81 sm/sec’> — according to (Figure 8). It
according to scales of intensity is equated to the seismic influence close to 7,44.

2 (A)

Figure-8. Horizontal a component (EW) of the calculated accelerogram

Concerning the executed theoretical calculations of seismic influences it is noticed
that they are conducted in the assumption of elastic deformation, that is all energy
is shown in elastic fluctuations soils. Sizes of residual deformations can be
determined on seismic scales, on values of the received settlement accelerations.
In turn it is approached by the decision as transition from values of characteristics
soils in an elastic stage to characteristics in a stage of not elastic deformation
practically isn't studied. Therefore the estimation of seismic danger of a platform
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of “Coyote” company building was based on a number of known assumptions.
The cores from them are reduced to the following provisions, the received relative
characteristics of oscillative motions at weak earthquakes can be extrapolated on
strong, and the spectral railroad train of strong earthquake can be estimated by
extrapolation of the weak. Reliability of these assumptions and the theoretical
preconditions used by us can be established only experimentally. In this respect
and, to some extent, for confirmation of the received results we will result
available data (Medvedev, 1971) about studying of relative sizes of fluctuations
soils according to records of weak earthquakes near to a building platform.

5. CONCLUSION

The justification of engineering-seismological conditions of a site of “Coyote”
company building in area Sukhbaatar district of Ulaanbaatar city is conducted on
the basis of direct measurements, use of the found materials, the data settlement
methods and parameters of initial seismicity. The topographic basis of the site and
engineering-geological data were provided by the customer in the form of reports.
In this conclusion we give resume on seismicity area near of Ulaanbaatar city. It is
shown that weak earthquakes in a city vicinity constantly are registered and the
parameters of probable strong earthquakes are measured as: epicenter distance 0-
240 km, magnitude 5.5-8.0, intensity 8, focus depth 10-20 km and its focal
mechanism can be slip and reversed strike-slip fault.

Our calculations provided in the first approximation the initial seismicity of the
construction area, which was defined as intensity 7 according to acting normative
documents.

For a site of building distribution of speeds of S- and P-waves with depth to
radical breeds is established. Reference values of speeds of the seismic waves,
corresponding to their probable values for radical breeds of territory of
Ulaanbaatara are chosen, seismic models for soil thicknesses of residential
buildings serving by bases are constructed. The initial signal for horizontal the
components, answering to parameters of probable strong earthquakes for the city
territory is generated, as a first approximation. Their spectra and frequency
characteristics of fluctuations are calculated on a case of such shake of soul in a
basis of a building for maximum horizontal (EW) and vertical (Z) a component
accelerogram.

In the seismic relation the site of “Coyote” company building is estimated, as
rather homogeneous in intensity 7. When a building is erected, an artificial
foundation must be removed from the ground.

The basic settlement parameters of seismic influences is in following limits:
seismic danger in intensity 7,44. The maximum value of accelerations at possible
strong earthquake can reach 136 and 81 sm/sec?, accordingly for horizontal (EW,
NS) and vertical (Z) component. Maxima of spectra of accelerations have on
frequencies of 1,4 and 3,3 Hz, and their maximum values are equal 32,9 and 17,7
sm/sec accordingly for EW and Z a component.

The calculations are performed with the elastic deformation implied. Concerning
the conducted calculations of seismic influences it is noticed that they are
conducted in the assumption of elastic deformation and sizes of residual
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deformations can be determined on scales of intensity taking into account
settlement values of the maximum accelerations.

The established level of seismicity for the territory of Ulaanbaatar city may be
exceeded with 10% probability during 50 years (T=1000) or with 90% probability
of non-exceedance for the same time span. If the class of responsibility of an
construction is raised by designers even at the expense of a floors, it is necessary
to review and results of calculations of seismic influences on new level of
likelihood estimations, intensity 8.
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ABSTRACT

As of the time we are writing this paper, One year and five months have passed
since the 2011 off the Pacific coast of Tohoku Earthquake and post-tsunami urban
recovery has been progressed in each damaged area. One of the important
activities for the victims is construction of temporary housings in the earlier stage
of urban recovery process. The authors were provided temporary housing
construction data after the event by Ministry of Land, Infrastructure, Transport
and Tourism in order to construct recovery curves, which are quantitative tool to
compare regional recovery processes. In this paper, the authors firstly present
how temporary housing had been constructed in Iwate, Miyagi, and Fukushima
since the event. Then they develop recovery curves and compare them. The
analysis clarified that the speed of the construction is the highest in Iwate, and the
lowest in Fukushima.

Keywords: 2011 Great East Japan Earthquake, temporary housing, recovery
process, lwate, Miyagi, Fukushima

1. INTRODUCTION
1.1 Background

The 2011 off the Pacific coast of Tohoku Earthquake, which occurred on March
11, 2011, catastrophically devastated the eastern part of Japan. It damaged more
than one million houses: heavily 129,914, moderately 258,591, and slightly
711,376 (National Police Agency, 2012). More than one year passing, recovery
activities started in most damaged areas in the serious aftermath of the event.

1.2 Purpose

Temporary housing construction is one of the most important recovery activities
in the early stage of recovery process. However, its construction situation is
different according to regional condition of the damaged areas. This paper aims
to clarify the difference of temporary housing construction process between the
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most affected three prefectures due to the 2011 Great East Japan Earthquake:
Iwate, Miyagi, and Fukushima.

In order to gain the purpose, we use the recovery curve method proposed by
Murao and Nakazato (2010). Recovery curve is a measure to quantitatively
compare the long-term recovery process of the damaged areas after disasters.
Using the tool, Murao and Nakazato (2010) clarified the regional differences of
reconstruction process in terms of temporary houses and permanent houses in Sri
Lanka after the 2004 Indian Ocean Tsunami. Also, Murao et al. (2011)
constructed the recovery curves after the tsunami disaster in Thailand and
Indonesia, and compared those processes.

2. METHOD

The following procedure is employed to construct recovery curves for each
prefecture.

2.1 Data Used

In order to construct the recovery curves for temporary houses, the authors use the
temporary housing data provided by Ministry of Land, Infrastructure, Transport
and Tourism (MLIT, 2012). The dataset has been weekly updated since April 11,
2011, and the authors arranged the monthly data of lwate, Miyagi, and Fukushima
as of January 2012.

2.2 Recovery Ratio Calculation

To plot the recovery curves, it is necessary to normalize the recovery condition of
damaged areas of varying size. This was done by comparing the recovery ratio of
the number of buildings constructed per month to the total number of constructed
buildings as of January 2012.

2.3 Selection of Optimal Recovery Curve

For the time period of 10 months, the cumulative ratio of building completion is
assumed to be fitted a sigmoid curve such as Cumulative Normal Distribution
curve, Logistic curve, or Gompertz curve. A curve showing the highest
correlation with observed data is considered to represent the most optimal
recovery curve for the temporary houses.

2.4 Development of the Recovery Curves

After the optimal curve is determined, prefectural curves are constructed
respectively. Finally, the construction conditions of temporary houses between
three prefectures are quantitatively compared with the developed recovery curves
and probability density functions.
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3. TEMPORARY HOUSING CONSTRUCTION SITUATION AFTER THE
2011 GREAT EAST JAPAN EARTHQUAKE

Temporary housing is constructed by Japan Prefabricated Construction Suppliers
and Manufactures Association or local construction companies according to order
from the damaged local governments, or at the request of MLIT. Sometimes
instead of the temporary housing, public housing or rented apartments managed
by private companies are used for the victims to save the construction. The
number of the affected households by the earthquake in the rented apartments is
67,648 as of July 24, 2012 (Reconstruction Agency, 2012).

As for the construction of temporary housing after the event, there were several
problems. One of the critical problems was shortage of available land for the
construction. Because of the huge earthquake of March 11, the inundated areas
totally extended for 561km? (GSI, 2011), and enormous number of houses became
necessary in the affected areas. Nevertheless, it was difficult for some local
governments to prepare the spare sites for temporary housing out of the damaged
areas because of the geographical condition, especially in the mountainous areas
along the Sanriku Rias Coastline. Those governments dealt with the problem by
the way of using outer lands or farmlands, but it spent a long time to convince the
affected residents and to properly allocate the provided lands. Those were reasons
of delay in construction process of the temporary housing in some areas.

Another problem was difficulty of construction material obtention. A link of
supply chain was broken, for factories producing materials or manufacture
companies themselves located in the damaged areas were devastated by the
tsunamis or shaking. They handled it with imported building material and other
local governments’ supports, yet they faced other difficulties of transportation and
arrangements.

The most serious situation arose in Fukushima among the three prefectures.
Fukushima Daiichi nuclear disaster forced the residents around to be evacuated
from the evacuation zone or the emergency evacuation preparation zone
surrounding the Fukushima No.1 nuclear power plant. The complicated situation
delayed the temporary housing construction in some municipalities in the
prefecture.

4. PREFECTURAL COMPARISON OF TEMPORARY HOUSING
CONSTRUCTION

Monthly-completed construction situation of temporary houses in lwate, Miyagi,
and Fukushima Prefecture based on the provided dataset (MLIT, 2012) is shown
in Table 1 and Figure 1. The prefecture with the largest number of required
temporary house units is Miyagi, and the smallest is lwate.

In April 2011, Prime Minister Naoto Kan announced that all temporary housing
would be constructed by mid-August. Also Iwate prefecture announced that all
units would be completed before September 11, 2011, a half year after the event.
That timeline can be a mark to evaluate the recovery process.

Iwate estimated the required units to be 18,000 at first. Although the number
decreased to 13,984, the construction effort almost achieved the goal in August
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2011. In Miyagi, 95.9% of the necessary houses were completed by August 2011,
and all the construction had been finished by December.

On the other hand, Fukushima still remained in a difficult