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INTRODUCTORY ADDRESS

Program Leader Tatsuo Ohmachi ( Professor, Department of Built Environment)

We are honored to have been selected as a twenty—first Century Center of Excellence (21* Century COE).
The title of our COE program is “Evolution of Urban Earthquake Engineering”, which aims to pursue effective
strategies and technologies to realize our present urban societies resilient against earthquakes and produce elite
individuals in this field with global scope. Although this is a five-year program, we are now in the second half
of this fiscal year. We have to draw our route maps with high feasibility as soon as possible, and start our
approach to our goal decisively. To implement our program, we have provisionally established “Center for
Urban Earthquake Engineering” on September 1, 2003, the 80™ anniversary of the 1923 Great Kanto Earthquake.
Today’s kick-ff symposium is organized to introduce our original programs and to refine them through active
discussion. In our quest for an excellence, we would like to invite all of you interested in our program to
become involved in our education and research. We would appreciate: your creative advice and kind

cooperation.
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OUTLINE OF THE 21STCENTURY COE PROGRAM
EVOLUTION OF URBAN EARTHQUAKE ENGINEERING

Kohji Tokimatsu, Department of Architecture and Building Engineering

Program Summary
The objective of this program is to thrust research and education of an international level for reducing seismic risk
in megacities, by establishing Urban Earthquake Engineering Center (CUEE).

Needs and Objectives

The 1995 Kobe earthquake suggests that modern cities are highly vulnerable to earthquakes and that more
catastrophic disasters would be anticipated if an earthquake strikes a more densely populated city. In order to
reduce seismic risk, development of more advanced technologies and strategies as well as graduate education
fostering academics and professionals is needed. The objective of this program is to thrust research and
education of an international level as well as collaboration with research organizations, and industry and
government partners in and outside Japan, by establishing Urban Earthquake Engineering Center (CUEE), i.e., the
only COE specialized in Earthquake Engineering in Japan.

Plan for Formation of Research Center

CUEE program includes the following implementations:

(1) Extensive research on a) innovated technologies for reducing earthquake impacts and losses, b) retrofit and
rehabilitation measures for strengthening existing structures and urban systems against earthquakes, and c)
strategies for reducing vulnerability and enhancing community resilience to earthquakes.

(2) Upgrade of basic research and educational facilities

(3) Worldwide collaboration with leading organizations, and industry and government partners in and outside
Japan, and international symposia and workshops

(4) Doctoral program offering special courses to foster academics and professionals

(5) Publications of a series of Japanese and English professional books on Urban Earthquake Engineering to
disseminate new technologies .

(6) Seminars and a public web site for enhancing community resilience

Education Implementation Plan

CUEE educational program offers special doctoral courses fostering academics leading innovated research as well
as professionals reducing seismic risk worldwide and includes the following implementations:

(1) Multiple supervisors including visiting professors to facilitate flexible thinking faculty with a broad view

(2) Intensive short course to improve communication skills in English

(3) Support for participation in international conferences and involvement in international collaboration research
to promote international activities

(4) Internship at collaborative organizations and partners in and outside Japan to deepen the necessary knowledge
in the practice of the profession

(5) Research and teaching assistantships to promote active contribution to research and teaching

(6) Competitive research funds to encourage original and innovated research
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Higher Seismic Performance of Urban Infrastructures using Advanced Technology

Kazuhiko Kawashima, Professor, Department of Civil Engineering

1. Urban Infrastructures Vulnerable to Seismic Effects

There exists a variety of infrastructures in urban areas including transportation, energy & electric,
telecommunication, water & sewer, and flood control facilities. The 1995 Kobe earthquake revealed the
vulnerability of an urban area under near-field ground motions. However, the Kobe earthquake is not a special
earthquake but one of the earthquakes with magnitude 7.3 with a high probability to occur near city areas.
Although there exist far larger number of infrastructures in Tokyo Metropolitan, none have experienced a
significant earthquake. It should be emphasized that a majority of human loss resulted from the ’collapse of
infrastructures in the Kobe earthquake. Hence it is important to secure higher seismic performance of urban
infrastructures. It is important to note the interaction of functions among urban infrastructures. Hence, it occurs
that a building cannot maintain function due to interruption of power and water after an earthquake no mater how
it was built with sufficient seismic performance.

2. Performance-based Seismic Design

It is essential to develop the performance-based seismic design criteria and procedures to enhance the seismic
performance of urban infrastructures. Because infrastructures are controlled by different jurisdictional authorities,
governments and firms, there are several tens of seismic design codes and standards. As a consequence, it is
difficult to respond to questions of how safe an urban area is for an earthquake, or how shortly an urban area can
be restored after an earthquake. What we can respond at this moment is to show how each infrastructure is
designed for a given design ground motion. To provide a clearer target and principle of the seismic performance
required for urban infrastructures, it is essential to develop the performance-based seismic design.

3. Damage-Free Urban Infrastructures using Advanced Design Principles and Structural Systems

Standard seismic performance goals of the most infrastructures are to maintain functions for small & moderate
events, and prevent collapse during a significant event. However the Kobe earthquake revealed the fact that it
took months to restore infrastructures which suffered even moderate damage once the function of the city was
seriously deteriorated. It was an important lesson that the inconvenience of public life as well as the interruption
of social and industrial activities are not allowed to occur for long in an urban area even by a major event.

It is aimed in this research at developing “damage-free structures,” which are free from damage or may suffer
only limited damage during a significant earthquake. For such a purpose, an extensive development of new and
advanced technologies for passive, active and semi-active control is requited. High ductility members using new
materials, construction methods and systems are to be developed.

Completing the past several decades when it was important to construct sufficient number of infrastructures,
required now are new technologies which enable to make urban infrastructures and systems safer and more

reliable against a major earthquake.

-10-
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Real-Time Earthquake Information System for Urban Disaster Mitigation

Saburoh Midorikawa, Professor, Department of Built Environment

1. Introduction ,

Just after the 1995 Kobe, Japan earthquake, few immediate emergency response was taken by the national and
- local governments, which might allow spread of the disaster. This is due to lack of prompt information on the
earthquake and damage. As a result, development of the earthquake information system has been accelerated.
;Fhere are two types of the real-time system; the damage warning system (pre-shake system) and the early damage
assessment system (post-shake system).  This paper describes the present state and problems of the real-time

earthquake information systems in order to examine the future direction of the research.

2. Present State

a)Pre-shake system The pioneer of the pre-shake system is the Japan Railways’ system (UrEDAS). The

system estimates the magnitude and location of an earthquake at the time of the P-wave arrival, and then uses the
information to stop bullet trains before the S-wave arrival. Recently, the Japan Meteorological Agency is
developing the Nowcast Earthquake Information system which forecasts an arrival time and intensity of the
S-wave motion before the S-wave arrival. It is expected that the information will be issued about 10 seconds
before the S-wave arrival for subduction-zone earthquakes. ~Applications of the information are being discussed.

b)Post-shake system The Tokyo Gas company developed the early earthquake damage assessment system to

control the gas supply just after an earthquake. After the Kobe earthquake, the national and local governments
began to develop the post-shake system such as the EES system by the National Land Agency and the READY
system by the city of Yokohama in order for prompt and adequate emergency response. Now, about halt of the

prefectures and two third of the mega-cities have such a post-shake system.

3. Problems

These systems are new and have not enough experience of a large earthquake. Applications of the systems
have not been fully examined. For the pre-shake system, the problem is what can be done in 10 seconds before
the shaking. Operation control of elevators in high-rise buildings is just one example. For the post-shake
system, the estimated damage may not be accurate and should be replaced by the actual damage with the passage
of the time. The remote sensing technology may promise quick evaluation of the actual damage. When the
information from the systems is open to the citizens, interpretation of the information is necessary so that they can

use the information to select appropriate actions for minimizing the secondary disaster.

-12-
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A Fire-Spread Urban Model following Earthquake

Yoshitsugu Aoki, Architecture and Building Engineering

Stochastic Theory on Outbreaks of fire following Earthquake
On a relationship between the rate of fire-outbreak; y and the rate of building destruction; x following an
earthquake, Dr. Kawasumi found a following logarithm law from data of Kantoh Earthquake,

In(y)= a*In(x)+b
This Kawasumi-formula was modified and applied on estimations of number of fire-outbreaks by an
earthquake. Any theoretical base of this formula was not made clear. It is important to discuss the reason why
the Kawasumi-formula hold and the restriction for application.

Through consideration from a view of stochastic process, the probabilities of fire-outbreak and building
collapse can be expressed by Gumbel’s extreme distribution (minimum type) which are functions of a
variable expressing earthquake-force. By eliminating the variable, a following relation between probability of
fire-outbreak; y and one of building collapse; x is obtained.

In(-In(1-y))=a*In(-In(1-x))+b
By mathematical discussion, it is proved that the Kawasumi-formula is an approximation of the above
stochastic formula.

Evacuation Behavior in Fire-Spread City following Earthquake

For estimation of loss by earthquake, it is important to construct a simulation model on evacuation behavior
in a fire-spread urban area following earthquake. We proposed a model of evacuators who judge the
circumstances and decide their evacuation routes based on the hearsay information and the geographical
urban image for simulating the evacuation behavior with reality.

As the results of simulations on fire-spread and evacuation, it is confirmed that the hearsay information
process is impoyrtant for safety evacuation and the information service facilities should be located along the

evacuation route. It is also shown that the transfigured geographical image leads to fatal evacuation.
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Seismic Design for Underground Structures

Osamu Kusakabe, Professor, Department of Civil Engineering

1. Utilization of underground space in urban areas

Extensive land use in urban areas inevitably accelerates the use of underground spaces. With the recent
development of technologies for utilization of underground spaces, there exists an increasing trend of putting
facilities, which used to be constructed on the ground surface, into undergrdund due to environmental
considerations such as air pollution and noise. It appears in recent years that public in urban areas would not
accept construction of railways and highways by a series of viaduct in urban areas. From the viewpoint of Urban
Earthquake Engineering, development of methods for evaluating seismic performance of underground structures
and for designing underground structures and safe underground spaces becomes of vital importance.
2. Seismic design for underground structures

It has generally been considered that seismic performance of underground structures is superior to that of
super-structures. We must notice, however, that all most every structure has a connection portion with structures
on the ground for functional requirements. For instance, highway networks constructed in the underground should
have several junction points with existing trunk roads on the ground or on the viaduct by constructing merging
lines and surfacing lines in the shallow depths. Design and construction of new type of these facilities needs
careful examination of the mechanism of interaction between the structures and the surrounding soils under
various soil conditions and restrictions imposed on the site.
3. Importance of physical modeling

Behaviour of geo-materials greatly varies with stress history and stress level of soil layers. Thus it is absolutely
necessary to establish the prototype soil condition in the model with appropriate experimental facilities and
experimental techniques for studying the interaction between the structures and the soil. Widely used
experimental techniques are dynamic tests in a centrifuge or active type shear box tests, which can impose the
pre-determined shear deformation profile of the ground due to earthquake motions. By these tests the interaction .
mechanism in the large deformation ranges can be grasped and the applicability and limitations of numerical
_modeling can be quantitatively evaluated
4. Research plan

Based upon the accumulated research outputs and experiences, the following research topics, both fundamental
and practical issues, are planned to investigate in this COE project. Research collaboration with other research
institutes is highly encouraged.

(1) dynamic earth pressure, liquefaction pressure,

(2) seismic design for tunnel with merging and surfacing lines in the shallow depths( with Kajima),

(3) Seismic design and reinforcement for tunnel entrance (with JR),

(4) Seismic design and reinforcement for shallow footing (with JR)
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Seismic Design: From Buildings to Cities

Akira Wada, Professor, Structural Engineering Research Center

1. Seismic design of buildings

Many studies have been carried out on a variety of earthquake resistant structures such as seismic isolated
structures, strength oriented structures, passively controlled structures and ductile frame structures. Of these
methods, the highest seismic performance is expected from seismic isolated structures. Structures can be
designed to achieve the required performance within the limits of each of the above four structural methods, if the
design earthquake ground motion can be defined.

2. Seismic design for city

Earthquake is a natural phenomenon. The largest problem in the seismic design of building structures is the
uncertainty of future occurrence of ground motion where the building stands. When it will happen and how
large it will be are totally unpredictable. The probability of occurrence of a large earthquake ground motion may
be evaluated as negligible, and thus neglected in the design process on economic grounds. However, this would
be a big gamble, because although the life of individual buildings may be 60 years, the life of a city may be
longer than 1000 years. Individual buildings are components of a city. The seismic issues of a city cannot be
solved if the seismic resistance of its individual buildings is determined only from the relationship between the
life of ‘a single building and the earthquake occurrence in this life span.

3. Level of seismic design and violation of private property rights

Nevertheless, criticism would arise from society if individual buildings were designed for the largest level of
earthquake ground motion. However, if there had been no large earthquake in the period until the building was
demolished after several 10s of years, the structures would have been wastefully over-designed. Actions to
legally demand excessively high seismic performance are interpreted as a violation of Article 29 of the
Constitution of Japan [property right].

4. Leaping improvement of seismic performance that does not increase cost

It is necessary to develop advanced technologies that provide a huge leap in seismic performance at the same cost
as current construction methods. If the cost is not excessive, the rationale is put in place to seek no building
damage against very rarely occurring large earthquake ground motions. Society could then not claim that the
expenditure is wasted. As a result, safety of cities would become very high.

5. Research target

The focus of our studies is to pursue this huge leap in seismic performance. It is necessary to greatly improve
seismic performance of cities by popularizing new technologies such as seismic isolated structures and passively
controlled structures. The desired approach should be to promote building structures of higher seismic
performance while maintaining generally the same cost rather than the approach of fixing the required seismic

performance followed by seeking cost reduction.
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Infrastructure Management for Disaster Prevention

Takayuki UEDA, Associate Professor, Department of International Development Engineering

1. Importance of Maintenance/Replacement in Disaster Prevention

Maintenance/Replacement of huge urban infrastructure stock is a great social concern. If a system of urban
infrastructure has been degraded with fatigue, erosion or damage, then urban activities are at great risk of
earthquake. In this context, basic concepts of infrastructure management for disaster prevention are to be

illustrated briefly.

2. Basic Concepts of Infrastructure Management

Infrastructure Management (IM in short) aims at maximizing the value of infrastructure during the long time
span in stochastic environment, where there exist a variety of uncertain factors including natural factors and
socio-economic factors. Following Kobayashi and Ueda (2003), we can formalize IM as a Stochastic Control

Problem (SCP) like
V(X (0) = max Ey ( [ 2(X(0),u(t) exp(~pr)ds +V (X (T))exp(~ pT)) (1a)

s.t. dX () =g(X(@),u(t),w() (1.b), X(0)=X(0):given. (1)

X(t) is a state variable at the point in time ¢ which denotes a physical state of infrastructure or a
socio-economic environment. Variables like heath index or level of degrading should be included in this category.
u(t) denotes a control or action, which means the volume of maintenance work, replacement and inspection in
IM. 7z(g is the value that the infrastructure generates at the point in time ¢ in terms of flow. 7 is the time
span of management, and the terminal value V(X(T)) dependent on the terminal state X (7) should be
considered. The operator E, means the expectation with probability for each sample path of X(#) and the
integral is for the summation with discount factor exp(—pt)and exp(-pT), where o denotes the discount
rate. It should be noted that X (¢) is a stochastic variable dependent on the random factor @(¢). @(¢) should
be interpreted as an external force by earthquake in the context of structural mechanics, or as a unknown factor
governing a degrading process in material engineering. Specification of state equation (1.b) is the most crucial
in IM.

The solution of the SCP is a mapping of X (¢#) to u(#). This suggests a rule that if the state X(¢) is
realized at the point in time ¢, then do the control or action u(r). We can summarize IM as “ Now decide the
action for each state in future as the rule. Then always watch the state and obey the rule.”. In wider sense, we

can add “ Rewrite the rule by incorporating knowledge of what are surrounding the infrastructure.

[Reference] Kobayashi, K. and Ueda T. (2003), Perspectives and Research Agendas of Infrastructure Management, JSCE Journal,

Infrastructure Planning and Management, in printing.
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