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EASSE: Earthquake Assessment System for Sociocconomic Effccts
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SUMMARY
This paper introduces the state of the art of the development of Earthquake Assessment System fon Sociocconomic Effects (EASSE).
EASSE estimates the cconomic loss in the area and its effect on the nationwide ecconomic activitics that is caused by the damage on
transportation network. Such system is used by transportation planncrs who examine seismic performance improvement plans of a
transportation nciwork and their portions. The system also can be used in post-carthquake situations for examining restoration
strategy.
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Fig. 2.2 Module Structure
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SUMMARY
This paper describes a method o assess the performance of the emergency aclivities of an organization immediately afler an
carthquake. The performance here is defined how rapidly and accurately the damage information is obtained, and-it is assessed by
applying carthquakes on idealized network model in which personnel and cquipment are deait as the same level of “gates.” The
object-oricnted approach was introduced for the simplicity of the development and the exccution. With the approach introduced here,
variations such as the earthquake occurrence time and the damage inspection route can be casily expressed.
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TABLE 4.2 Information of Surface Investigation
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SUMMARY

Weather administrator of civil infrastructures can set up proper restoration system immediately after an earthquake disaster or not
influences a social total damage. That is one of lessons at the 1995 Hyogoken-nanbu earthquake disaster. After it, Public Works
Research Institute and Kanto Regional Construction Bureau, Ministry of Construction developed Real-time Earthquake Damage
Estimation System for Civil Infrastructures. Its aim is to support the administrator's decision making for an urgent restoration action
by providing estimated damage information. This paper describes rolls and functions of this system and an estimation method of
damage on civil infrastructures.
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SEISMIC INFORMATION SYSTEM FOR CIVIL INFRASTRUCTURES

by

SUGITA Hideki", NOZAKI Tomofumi?

ABSTRACT

This paper describes comprehenswe
lmage of the selsmlc mformatlon system (SIS)
Two points are included in the paper: i.g.; a fiew
system to ‘realize SIS with
systematic’ control, possibility of extension and
the mdependence of the subsystems, and several
element to the
subsystéms of SIS. The proposed concept does
not only concentrate on the technologies of the
supply-side, but also the phllosophy ‘and the
technologies that is “objective oriented.” As the
activity

architecture

technologles applicable

counter-earthquake system is

responsible many complex Jobs at a time, and as

the information technologxes is becommg hlghly

technlcal the concept ‘introduced here is very
‘much help for “the personnel of ‘the counter~
earthquake activity system

Key Words Counter-earthquake acltwty system,
 Information system, New technology
and philosophy

1. INTRODUCTION

Table 1-1.
1)

Their principal functions are to:
monitor, collect, and adequately display
accelerograph measurements and data from
other-  organizations  and systems
(obsérvation and collection),
estimate the damage to facilities and injury
to people by the earthquake and consequent
fires, from the data collected (damage

estimation),

2)

3) take emergency measures based on the data
collected, and the estimated damage, such
suspension of facility

functions and warnings to users (emergency

as immediate
response support), and

support the -decision: making processes by
presenting instructions given in emergency

4

manuals ‘and proposing optimum strategies
(count‘er-earlhq"uaké system support).
So.: far, ‘most of these systems are
developed - for..use  within the ' organization.
Although each system remotely accelerographs,

“collects and‘communicates -information through

Smce the Hyogo ken Nanbu Earth-

quake, Whlch revealed the necessnty for-quickly
momtormg damage communicating mformatlon,
and’ makmg decnslons, ‘many orgamzatlons have
constricted various ‘systems to deal with
earthquake lnfonnatlon, which are listed in

iy

the network, and exchanges data between its
submodules constructed for each function, it has
its own independent database. When users

encounter the occasion to - exchange data
‘between systems, they must conduct a series of

complicated - operations and . must know the

1) Head Earthquake Dlsaster Preventlon Technology
Dwnsnon, Earthquake Disaster Prevention Research
Center, Public Works Research Institute, Mmlstry of
Constmciion;”l‘éukuba, Ibaraki, 305-0804 Japan

2) Seniot Research Engineer, ditto
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methods for operating the systems, which may
differ by system. As such information systems
motion

usually use common earthquake

measurements, ground condition and facility

data, we should investigate methods for
sharing such data without losing the
possibilities  for  extension  and
independence of each system.

2. CONVENTIONAL APPROACHES
FOR CONSTRUCTING SEISMIC
INFORMATION SYSTEMS AND
BREAKTHROUGH

2.1 Top-Down Approach

Most  seismic  information
systems have been constructed with a
top-down approach. For example, a
system that 1) collects: ground motion
data, 2) estimates human casualties and
fire occurrence from the data, and c)
suggests the actions necessary for
preventing damage is designed to -
include: all these functions in one host
machine as - shown in- Figure 2.1.
Although' it is possible to supplement
functions to the system later, the top-
down approach fundamentally: creates
the image of an -entire system first.

-~

n T W mm v Gm e e we e = . e

2

operation method.

.2 Bottom-up Approach

A new movement is occurring in the

o e = R L WL e e -
~
4 \
Hicrarchy Hardware Protocol \
, I
I
I
» |
Collection Database Estimation | seeesescccenncss :
l
* | |
Software Software Software | seresesscens rers I
|
|
Interface |
N !

Hence, the top-down approach has.:

disadvantages such as-

1) - a system does not operate until-the : -

whole system is completed,

2) it is difficult to renew the-system,

since ‘a slight ‘change may- largely

affect the entire system (thus such

systems " asily become dbsolete), -

“and

3) all users within an organization .

must fully know the ‘provided -

[RESIERIR

Figure 2.2 Disadvantage of Top-down
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construction of information systems along with
the recent development and diffusion of
information network technologies, such as the
internet.  In the WWW, for example, each
terminal freely constructs a server according to a
minimum set of integrated rules including the
TCP/IP protocol, and communicates information
to many and unspecified ¢lients. Such a state
forms a contrast to the above top-down
approach in terms of flexibility and
possibilities of extension of each.
function of servers. This con'sti‘ucﬁbh
method is called the bottom-up
approach.

With the bottom-up ‘approach,
it is possible to construct a database and
run an application on one server as its <

These two approaches are both extremes of
system construction (or system formation). By
integrating the advantages and characteristics of
both, a new and more efficient method for
constructing seismic information systems (SIS)
may be developed. The ideas are summarized
as follows:
1) It clarifies the minimum set of information
Arbitrarily Pa;‘!iél}yaliiig Systems
with [solated Data Formats

e ———— -

X ITYIYTI YR}

__________

Common Protocol
Common Language

administrator hopes.  Other persons —
can use the same system by using a — L -
browser or other similar software. T T T
.. . BrO\VSCf ------------- BI'O\VSCI' ............. Browser
When the administrator needs a new :
function, he/she only either adds the Clients to “Browse" Each Server
desired function to the server or
supplements a new server. In this Figure 2.3 Bottom-up Approach
situation, there is no need for
considering other users. However, gevera ‘Server B
systems constructed with the bottom-up |0 1237 A :
e . - o " | Name . “XX Bridge” Name  “XX"
approach = are inappropriate . for | Locstion “Lat,Ling Damage “Rank-A"
. (s A . | Type “Steel Girder' Type Image
systematic ~ activities SINC€ SEIvers | Damsge “Severe”
usually use different functions and data
independently. Server C Server D
- o . N Wy Rotdgal?
- ' Name XX Bridge” Mame X Dride
2.3 Breakthrough Damage TV Image . Damage “Collapse”
The -

, top-down | - appquéch
constructs systems that share data and
funétions but are not flexible or free.
On the other “hand, the bottom-up
approach ' constructs systems that are
easy to add new functions and to access
but may not be using .common data.

Figure 2.4

Order of Items?.
> Contents? .
Format of Data?

Disadvantage of Bottom-up
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that is needed for cach level of an
organization. The information that is open
to a level is also open to lower levels (data
sharing).
All divisions that have acquired permission
can operate or refer to outputs of SIS with
shared data (function sharing).
A certain level of an organization can
its own data and

the SIS (system

2)

3)
supplement
function to
Sexibility).

To actualize ideas,
integrated  methods be
developed - and organized for sharing
data and functions in different levels of

these
should

an organization. The recent diffusion of

network technologies has spread
common protocols and software such as
hitp and java applets. However, more
precise data items and  format
definitions must be defined for using a
large amount of data ‘and functions
needed for  systematic
earthquake activities. The -following -
alternatives may be adopted for sharing

data and functions:

counter-

1) An entire organization uses one Supply of
database and the same application ~ Required Data
software. . ' iﬂ’

2) All databases are constructed with
a single format (schema).

3) All databases contain at least a

iR,
minimum set of data items, which ;o manon

make users possnble to use the data

by converting them w1th simple
application software. ‘

To make data accessnble to all

users, all orgamzatlons that use the SIS

must clearly understand their duties

concerning . counter-earthquake

measures and make lists of necessary
information. Although such operations are labor
consuming for the organizations, the initial cost
in terms of money, time, and labor is sure to be
well  spent in  constructing a  more
comprehensive, flexible, and organized system.
Incidentally, Geographical Information Systems
(GIS), which display collected data and

Comprehensive, Rough Information
for HQ's Operation That Suites HQ

Summarized Information
of Each Bureau Operation
That Suites Regional Bureau

Local, Detailed Information of Each Slte
Operatlon That Suites Each Work Office

Figure 2.5 Data/Function Sha'r'iii'g”

équest b_'frDala
for Estimation

pecilic

Supplyof\

Numerical Result

Request of
Estimation

Database

o Swalvol
.. Required Dala
chueslof

~Fadility Data\ v
. forBrowse _ ¥

- Clien

-Operanon chuesl_ )
, +Result Display
-] *Map Location ‘-

o
""'~-§~..$,

Client .

Figure 2.6 Breakthrough Technology -
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Table 2.1 A&D of Respective Approach

‘ Top~down Bottom-up Breakthrough
Development/Imp . comparatively
rovement Speed slow rapid rapid
Possibility of comparatively
Extension small large large

. Independent
fraependence o) Minast none (M55t under som
sy - p control
Ehy3|cal Cost Quite much Smal | Not much
in Development
Large when Responsibility|lnitial
Labor Cost studying of each server|coordination
: manipulation |administrator |is required
Uniformity of Secured Difficult to |Secured when
Data establish necessary
Systematic ‘
Development and Strict Chaotic Practical
use

estimations on maps, will be independent from
the collecting and estimating procedures. In
the approach introduced here, data interfaces can
be jointly used even when GIS applications/data
are different.

The advantages and the disadvémtages
are summarized on Table 2.1. According to this,

strict coherence of the top-down approach, the

projects

SIS should help determine the priority
of reinforcing projects, based on their
influence over emergency activities and
economic damage.

(b) Evaluation of counter-carthquake
activity systems

SIS should help evaluate the speed and
for collecting and
communicating information of counter-
carthquake activity systems.

(¢)  Monitoring, _ collection __and
estimation of earthquake data

SIS should collect characteristic values
and wave data that are monitored and

accuracy

calculated by accelerographs and should
estimate epicenters, etc.
(d) Support of anti-seismic activities

incoherence of the bottom-up approach and the

advantages of the proposed -approach against
others are clearly depicted.

3.FUNCTIONS, - TECHNOLOGIES, AND
APPLICATIONS OF SEISMIC

SIS should spontaneously inform of earthquakes,
display manuals for emergency activities.

(¢) Detection of facility damage

SIS should directly detect and comimunicate
damage to'public facilities by censors and so on.
(f) Real-time estimation of damage

SIS should quickly estimate the damage to
facilities based ‘on earthquake information  and
ground and structure data.

(&) Calleation of inspestion da

INFORMATION SYSTEMS
3.1 Functions to be Included in
Seismic Information Systems

This  section summarizes
functions to be included in SIS of
organizations that administer
infrastructures, such as the Ministry of
Construction, The following functions

civil

-——-I Emhquakc Counlcrmea.sure System chnency Assessment I-—.——

GUI/GS!

Pre- carlhquakc Pro_|ect Assessment

e}

__I

|

Earthquakc Momtonng & Estimation

__I

Common
DB

Earthquake Countermeasure Support }—-@}-—

——-I Facnhty Damage Delccuon and Collecuon I—‘@-—J

I

, Real-ume Damgge Esnmat;on

H

are proposed to be included in SIS.

(a) Evaluation. of - counter-earthquake
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SIS should record and communicate actual

inspection data collected at the sites.

(h) Display .of maps, images, and apimated

pictures

SIS should have the interfaces to refer and input

information appropriately.

() Communication _of _information
(sound, images, animated pictures, and
data) _
SIS should transmit data through public
and private telephone lines, facsimiles,
internets, intranets, extranets; etc.

The following sections outline
several technologiés and systems that
the Public -Works Research Institute
(PWRI) is developing. These

functions, which are now independently -

studied, may be integrated into
subsystems by coordinating data and by

refining each function.

3.2 Accelerograph  Network  and
-Urgent  Damage = Estimation
System g L

The Ministry of Construction

has- installed approximately 800 ‘inine .
~Japan -|

accelerographs  throughout.
(accelerograph network) to help urgent
inspection of its facilities, such as
highways and river facilities, after
earthquakes. _ '
network falls in the category (c)
'monitoring " and ~collection” ~ of

earthquake data' of Section 3.1,  PWRI
ihfonﬁatign '

collects  seismic

experimentally from éppfr:bﬁﬁia.tély 100

accelerographs in the Kanto ‘Area, and

is develdping.a system for estimating

liquefaction risks and bridge damage in
this area.

the category (f) 'real-time estimation of damage."
Example displays of the system for maximum
acceleration, estimated liquefaction risk, and
estimated damage to facilities are shown in
Figures 3.2 to 3.4. The system is also installed
with a  multiple-address  device, which

NIV ERQ BN 10 APND

ERRIMRhsssF 0GB | e

This - accelerograph

f
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Figure 3.2 Estimation of Max. Acc.
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Figure 3.5 System Architecture

immediately and automatically dials all numbers
registered when an earthquake occurs: This
device corresponds to the category (d) 'support
of anti-seismic activities! A connection and
operation diagram of the system is shown in
Figure 3.5. o

The characteristic values of ea;thquake

‘motion (e.x., maximum acceleration and SI

values) ' are trarismitted from accelerographs
immediately after the éarthquake occurs and are
recorded in files within a communication server.

‘The urgent damage estimation system calculates
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liquefaction risks and facility damage levels

based on these numerical files as well as ground



and facility information collected in advance. Socioecononiic Effect (EASSE)
The system also contains map data and can The carthquake assessment system for

display the collected seismic data and the results sociocconomic  effect (EASSE) calculates
quantitatively the mid-term and long-term

_ economic losses by damage to transportation
3.3 Earthquake Assessment System for facilities, such as highways and railways. The

of calculation on maps.

Damage on hlghway faclmles Damage on production facilities

4 ™ — :
Normal —XT1  Assuined , Feedback )
Conditions T damage ;
before (——————N f
Highway Network earthquake . ]
data . ’ 1 3
Plahnlng C 2
g . . Priority of countermeasure
BE Initialization /{}3 ’ Executlon |influences sconomic effect
7/
> (X =
> {0
Sociooconomic N 291 o
ata v ; o - ‘ .
Planner ﬁuResloraﬂon
[
Actual : Time history of
damage economic effect
a;“fter " . :
earthquake o
\_ ) d , Feedback

Figure 3.6 Idea of EASSE
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Figure 3.8 Module Structure of EASSE

PWRI has been developing a prototype for 3
years, from 1995 to 1997. As shown in Figure
3.6, this prototype system, which runs on a
standalone PC, computes the drop in production
due to damage to highway or railway sections
input on a map display. Data for investigating
of
facilities in an area, such as the economic loss

reinforcement  projects transportation
for each reinforcement pattern, are obtained
simply by inputting damaged sections based on
a hypothesized earthquake and reinforcement
k An example display for inputting
damaged road sections and an output image are
shown in Figure 3.7. EASSE, which falls in the

category (a) ‘'evaluation of counter-earthquake

pattern.

prOJects may also be used for creatlng post—
,earthquake restoratnon prOJects. Smce thls

system is now operatmg mdependently, it

“cont“‘i_ns’ map data and also falls {n the category
(h) 'dlsplay of maps , ‘,
For developmg EASSE, k_'the
fprocedures necessary for cstnmatnon were
converted into mdependent modules as shown

Figure 3.8. The traffic estimation module

calculates the increase in trip time by the
earthquake based on highway-network data and
socioeconomic data that are necessary for
computing traffic demand. The conversion
module calculates the drop in productivity in a
target district from the results of the traffic
estimation. The economic estimation module
computes the effect of the drop in productivity
in and out of the damaged district.
3.4 Seismic Performance of Highway
Network

We should investigate if transportation
facilities are able to serve satisfactorily even
-immediately after an earthquake. The seismic
perfonnance of the entlre highway network
should be studled to assure that no dlstnct is
lsolated by damage to- hlgh\vay sectlonb and that
dlsaster preventlon actwmes are taken within a
requrred penod of tlme PWRI is developmg a
system which calcu]ates the degree of
performance wnth Whlch satrsfactory prevention
actwmes can be ‘taken. The institute is also

mvestngatmg a method for expressing the

~119—



D
'.,.Q
=09

Seismic Performance of Total Network?
Priority of Links in Terms of Seismic Performance?

Figure3.9 Network Seismic Performance

Counter-disaster OD

Highway Network GwenvL‘mk Damage Background OD :
: " Link | -] ‘Disaster
. Link Prevention
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Counter-earthquake Plan

Frgure310 Flow oféCa'lcllla;tidn‘

i

1mportance of a damaged sectlon quantltatrvely
Like EASSE thlS system corresponds to the
category (a) evaluatlon of anti-séismic pI‘Q]eCtS

Thls system evaluates ‘the seismic
perfonhance of the entlre network and the
lmportance of damaged sectrons ‘when an
earthquake dlsconnects the lmk of the network.
“The selsmlc performance of the network is

calculated ‘by computmg the sum of dlsaster
preventlon activities’  effects, whlch are

‘determined based on the trlp tlmes of trafﬁes in
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the network after the earthquake A method is
also mvestlgated for calculatmg 1mportance
mdlces of network sections USlng ‘the network
selsmrc performance mdlces above .




Damage State of ...

Importam Faciliﬁ—e:m%m: i

The fiist one includes various
technologies to detect the damage to

Facilitiesin Wide Area ..3i ﬁ%" infrastructures by utilizing sensors
1 iti .
Overall Condition U d‘a‘z&rﬁj attached to them and remote sensing

time > .
- technologies. Some sensors such as
Real-time X ;
Damage laser distance meter can detect
Estimation . .

w phenomena precisely, but they are
Qualitative Overall & Rough ) , .
Information Damage ' expensive; while other sensors as wire

. . Detection - Remote . . . .
..... g L S Damage L eeoeeeeee----- culting sensor are inexpensive and give

& Exact Investigation i . h inf . £ ibl
Quantitative Damage only rough information of possible
fnformation Detection ; damage. Important facilities such as

In-situ Iy
Damage large bridges need to be watched
Investigation carefully by sophisticated sensors. On

Figure 3.11 Combination of Damage Détecting Method

~ Figure 3.2 Example Imagé From Helicopter

3. 5 Other Subsystems for SIS

' Bestdes the subsysters’ technologies
and methods above, several other issues are
studied which can be paits of SIS ‘Those’ mclude
) earthquake damage detectlon technologles
‘and “(2) counter-earthquake activity 'system
'perfOrmance evaluation method
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the other hand, most of the facilities
* that stretch over wide area are enough
to be observed roughly to detect
possible damage. As for the remote
sensing technologies, animated images-
taken from a helicopter and pictures
the investigation team

sent  from

‘are useful and important
the

strategies.

8 directly
information  to  examine
restoration/rehabilitation
Images” from ‘satellites are useful if
they can bé obtained immediately after
the earthquake. Taking the these ideas
into account, a'menu for utilizing the
damage detection sensors from the
point of view of the cost, exactness and
speed is studied as a gl.udelme by
PWRI. '

Another useful method is that
to - evaluate' the performance - of a
counter-éarthquake activity system in terms of
the rapidity and thé preciseness to cumulate the
damage ‘information. ‘In this method, all the
persofinel - and equipment - are  expressed as
abstract “gates” which transform the data from
input-and send to’output. In"the’ method, the
information ‘is defined as a combination of the
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amount of information after an

earthquake. Using SIS in the normal
conditions can improve the familiarity
of the stuff. Rules concerning seismic
information systems, common
databases, and the development of
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Figure 3.13 Network Expression of Counter-earthquake

Activity System

time and the information quantity: i.g., (¢, ). By
defining the gates for all the entities in the
system, and by connecting them with each other,

the counter-earthquake . activity system ‘is

independent functions are also helpful
for the systems and functions used in
the normal condition.” By applying
these concebts, we can construct a
comprehensive system that is easy to
use during both normal and earthquake
times and to enlarge when necessary.
Because the idea introduced
here includes comprehensive
systematic - regulation, it cannot be
applied only by parts of organization,

say, two or three work offices or regional

bureaus. To realize the concepts here ‘some

adequate promotion system to coordinate all the

expressed as an abstract network f‘system.'

Analyzer can obtain the cumulating pattern of
the information quantity and examiné the
performance of the system quantitatively. This
also helps him/her to determine the bottle neck
and the weak point part in the system. :

4. CONCLUSION.

The conventional SISs of the Ministry
of Construction and most of other seismic
systems under development are independent and
do not share databases or map data. As
described in Section 3.3, data should be shared
and functions should be separated according toa
minimum set of defined rules to create efficient
and flexible systems.  The methods for
operating SIS must be familiar ,to_thc‘ system
staff since they must quickly treat an enormous

Or'gziﬁizatidn must be established.

REFERNCES s
1) Kazuhiko  KAW 'SHIMA Kemchl TOKIDA Hideki

Imporlant Inﬁ'a~s1fuclurés”, Proceed‘l'ngs of the 25th
Joint Meetmg ofU S. -Japan Panel on Wmd and Seismic

Effects, May 1993
2) SUGITA deekl, HAMADA Tadashi, “Developmenl of

Road- Faéllitie's”,' Seventh uss.
Earthquake Disaster Prevention for Llfelmc Syslems,
Nov. 1997

A3)NOZAK[ Tomofuml, SUGITA, Hldek1,¢“System to

Assess Socio-econontic Effect of Earthquake Disaster”,
Seventh U.S.-Japan Workshop on Earthquake Disaster
Prevention for Lifeline Systems, Nov. 1997 ..« -
4) “Real-time Earthquake Damage Eslzmallon System for
" Road Facilities", PWRI NéWsletter No. 71, Jan. 1998
5) “Earthquake ~Assessment System:: for.:-Socideconomic
Effects. (EASSE)", PWRI Newsletter No. 67 Jan. 1997
6)Shun-etsu ODAGIRIL, Ilideki SUGITA et al,
“Dgvelopment of Real-time 6e:smid Information Systém
" for MOC™, Proceedinigs: of :the. 29th Joint Meeting. of
U.S.-Japan Panel on Wmd and Seismic Etfecm UJNR

May 1997

—122—




Table 1.1 Example of SISs developed in Japan .
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Figure 1.1 Isolated SISs
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Sytem Name Organization Monitoring Ea?:?:::?on E&‘;‘:ﬂ?: A;U;Lvoirtty Inputs Notes
Disaster Information National Land Agency (o] (o) JMA Seismographs DIs
[System
Rial-time Earthquake Ministry of (@) O Seismograph SATURN
Damage Estimation Construction
System
Strong Motion Natl. Research Inst. O Seismograph K-net
Observation Network for Earth Science and (Kyoshin-net)

Disaster Prevention,
Science and Technology
Agoncy
Strong Motion Japan Meteorology O Seismograph
Observation Network Agency
Seismic Intensity Fire-Dafense Agency O Seismograph for
Observation Network Seismic_Intensity
Simple Earthquake Fire-Defense Agency (@] Seismic Conditions
Disaster Estimation
System
Seismograph Information |Hokkaido Osv. Bureau O Seismograph WISE
System
Earthquake Disaster Tokyo Fire Department O [e] Seismograph
Estimation System
Earthquake Disaster Kawasaki Gity O O (@) Seismograph
Countermeasurs Support
System
Dense Array Strong Yokohama City O Seismograph
Motion Monitoring
Notwork
Seismograph Network Tokyo Metro. (@) Seismograph
Government
Phonics Disaster Hyogo Prefecture O O O Seismograph
Prevention System
Yokohama~city Disaster |Yokchama City (@) Other Systems
Pravention Information
System
Disaster Image Yokohama Gity (@) TV Camera
Transmitting System .
UrEDAS/HERAS "lJapan Railway (@) (@) [e) Seismograph
Seismograph Network Japan Highway Public @) Seismograph
Corporation
Seismic Information Tokyo Gas O O O Seismograph, Sl SIGNAL
Gathering and Network sensor, Liquefaction
Alert System sensor
Input! Input!
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DEVELOPMENT OF REAL-TIME EARTHQUAKE DAMAGE ESTIMATION
SYSTEM FOR ROAD FACILITIES
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ABSTRACT

Earthquake damage of road facilities does not only reduce their functions but affects the socio-
economic activities in and around the damaged area. Therefore, besides improving the seismic
performance of road facilities, post-earthquake emergency activities to reduce the damage effects
must be jointly promoted.

This paper presents a Real-time Earthquake Damage Estimation System for Road Facilities, which is
developed at Public Works Research Institute, Ministry of Construction. By providing rough
estimation on damage states and damage distributions in a short time, the system will support
decision-makers to facilitate emergency actions immediately after earthquakes.

Key Words: Real-time Information System, Emergency Activity, Damage Estimation, Ground
Liquefaction, and Highway Bridge

INTRODUCTION

Emergency activities at sections that are in charge of road facilities can be classified into four
stages?; i.e. assuming magnitude of the earthquake, grasping a damage outline in a whole affected
area, conducting temporary repair works to secure transportation functions and conducting
permanent restorations. To establish a scope of works for a series of emergency activities, it is quite
important to conduct the second stage of grasping a damage outline as fast as possible.

1995 Hyogo-ken Nanbu Earthquake was a first destructive earthquake attacked a highly integrated

urban area in Japan®. Based on that disaster experience, following difficulties were pointed out for

grasping a damage outline;

1) Much time was required for setting-up damage inspection teams,

2) Much time was required for investigations of widely spread severe damages, and

3) Adequate amount of damage information was not assembled at the headquarter due to disruptions/
congestion of telecommunication lines.

Table 1 shows the required time for grasping damage outline at the headquarter. The table also

describes the time required in 1994 Sanriku Haruka-oki Earthquake, in which severe damage was not
developed on road facilities. For promoting a series of emergency activities against a destructive
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event, quick decision-making is indispensable in spite of the difficulty of assembling damage
information. Appllcauons of information systems to support the decision- -making of sectors are

therefore consmered to be essential.

Table 1 Required Time for Graspi‘ng Damage Outline at Headquarter

Hyogo-ken Nanbu EQ (1995)* | Sanriku Haruka-oki EQ (1994)7
EQ Occurrence 05:46 1/17. , 21:19 12/28
Damage Inspéction | 08:00—8:001/18° 21:50 - 23:22
Time Period for Grasping | Approx. 24 hours Approx. 30 minutes
* : Kinki Regional Construction Bureau =
** : Hokuriku Regional Construction Bureau

REAL-TIME DAMAGE ESTIMATION SYSTEM

l.Scope‘of WOrk

Based on'the past disaster experiences, development of information Systems to- ‘support emergency
activities has been conducted in PWRI?®. The Real-time Damage Estimation System is devéloped as
a major system component for grasping damage outline automatically immediately after an
earthquake by provndmg rough estimations on damage states and damage distributions of road

facnhttes

Fundamental policies for developing the system are as follows:

1) Ground liquefaction state and bridge damage state are to be estimated in the system,

2) Damage estimation is to be conducted by‘a combination: of pre-stored ground/ structural cOndmon
database and real-timely observed earthquake ground motion data, -

3) Damage estimation is to be completed w1th1n 15 min,, by that time emergency investigation team

can be set-up, and
4) Estlmated mforrnatlon 18 to be v1sually dlsplayed on the CRT using dlgltal maps

Implementatlon of the system is’ Con51dered tobe effecthe in the followmg aspects ‘
1) Severely damaged area canbe assumed in a short time.- Damage mspectlons can be’ effectlvely

engaged by a restricted amount of inspectors;”
2) Damage outline can be'understood smoothly: based on damage mspectmns, and
3) Decision-making on the buck-up organization and stuffs/ devmes management can be mmated

from the early pCI‘lOd of emergency responses R

2. System Conﬁguratlon

Fig.1 show a system- conflguratlon of the Real tlme Damage Estxmanon System The system works
by fabricating three major ¢omponents! i.e. 1) Seismograph- Network, 2) MlCrOWaVC Commumcatton

Network, and 3) Engineering Workstation.

1) Seismograph Network
The ' Ministry “of Cotistruction “initiated > construction’ of - Seisthogiaph:: Nétwork’ in 1995

- Approximately 700 stréng motion: selsmographs are to'be'installed along: highways andirivers with':
an intérval of 20-40 km. Ground motion“data can be transmitted real-timely to'the headquarter and -
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sectors in charge of emergency activities.

2) Microwave Communication Network
The Microwave Communication Network connects headquarter and sectors in Ministry of
Construction. Maximum acceleration values, seismic intensity values and equivalent JMA (Japan
Meteorological Agency) SI values observed by each seismograph can be transmitted to these
offices simultaneously.

3) Engineering Workstation
Damage estimation is pcrformed by an Engmeermg Workstatlon 1mplemenled at headquarter and
sectors. Ground/ structural condition database has to be installed prior to earthquakes. Transmitted
ground motion data can be assembled by the WS. Estimated damage can be displayed using GIS
software. .

Microwave Communication

Seismogfaph Network _
Network

20-40km along nghway

w_%.
T

R
HUIHIHE

MlcrOWave
Network

(6, ghway
Brldge Damage (368 Bndges)

‘Photo 1 Hardware Conflguratuon _‘of;vP,rot}otype System
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3. Prototype System

Photo 1 shows the hardware configuration of a prototype system. The system, which does not cover
whole Japan but Kanto region (Tokyo and dther 8 prefectures), is scheduled to be set-up at the Kanto
Regional Construction Bureau of MOC in 1997.

Fig.2 Shows the estimated ground liquefaction states and bridge damage states by the prototype
system. Rough estimation of ground liquefaction states (at 6,028 highway sites) and bridge ‘damage
states (368 highway bridges) is available at this time. Maximum acceleration valués and SI values

ESTIMATED DAMAGE STATE | eeemmmmmcats

- Ground Liquefaction ST

Wil

3

. X L
Damage States |/
[ Serious |
'| T3 Moderate
w— Slight
= Noné

N c=oModerate
‘| w—Siight -

(byBHdGs Diigd Stk

' Figi2 Estimated Damage States by Prototybe system
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(designated hereinafter as ground motion characteristic values) observed by 100 seismographs
installed in the Kanto region is adopted for the estimation.

ESTIMATION OF DAMAGE STATES
1. Flowchart of Estimation o

Damage estimation is performed through three steps as shown in’ Fig.3. Fundamental policies of

each estimation steps are as follows;

1) Estimation of Ground Motion Characteristic Values :
For the judgement of ground liquefaction states and bridge damage states, ground motion
characteristic values at the very site where the judgement is to be performed (designated
hereinafter as a judgement site) are required. Because the locations of observation sites are
different from judgement sites, ground motion characteristic values have to be estimated
analytically. . L S

2) Estimation of Ground Liquefaction States along Highways
Ground liquefaction states are judged in each divided highway section. Division of highway
sections is carried out so that the ground condition is assumed to be uniform in each section.
Judgement of ground liquefaction states can be performed based on a P, value evaluated in each
highway section. The P, value can be evaluated by eq.(1), where a liquefaction resistant ratio F,*
can be evaluated by a ground condition and an estimated maXimum acceleration Value in each
highway section. ‘

B[ " (= F,)(10 = 0.5x)dx -+ (1)
CESRIL , . |
- wheerg, ‘ '
X : Depth from the surface (m)
FL  :Liquefaction resistant ratio
CPL: Potentil of iquefacion
R : Dynamic shear strength' ratio’
L : Shear stress ratio during an earthquake

3) Estimation of Bridge Damage States o : S
Judgement of bridge damage states is performed individlally based on the Structural database. As
the structural database, bridge mainténance’ data’ attumulated -at- sectors are adopted in this
estimation. Damage states: 0f whole bridge.can be judged by comparing damage states of major
bridge components. Damage states of major- bridge:components can be jidged by the SI value
estimated at the judgement site. By using the SI'value, it is possible to'consider the cyclic effect of

ground motion to bridges. The SI'value can bg evaluated by eq.(2), where S, means the i (sec)

component of vélocity response spectrum.

i

2.5

! SRR ST
S[=—-—$%8 ..o 2y
2.5’-'.‘l vi ; ('-)i“'_i"
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1st Step

Ground MOtIOﬂ Charactenstlc Values
(Maximum Acceleration; S Value)

Values at Observation Sites
ond Step Values at Judgément Sites
.Ground Liquefaction States
(Serlous Moderate, Slight, None)/’

Each Highway Section
3rd Step “Judged by Py Value

, Brldge Damage States g
(Serious, Moderate, Shght None)

~ Each Brldges Judged by
Maxnmum Acceleratlon

Fig.3 Flowchart f‘)'ffDamage Estimation
2. Classification of Damage States

Estimated ground liquefaction states and br1dge damage states are displayed in four categorles of
“Serious”, "Moderate”, “Slight” and "None”. Although there are other quantitative wa ys to dlsplay
the estimated states using probabllmes (%) quahtatlve four categones are ‘adopted’in ‘the! ‘system.
This is because; 1) qualitative expression is more understandable for decision-makers, 2) estlmatlon
accuracy is not enough for the quantitative expression, and 3) time period for the estlmatlon can be

reduced by the qualitative expression.

Table 2 shows the deﬁmtlons of each category. Categone re:deﬁned as ;a combmanon of an
assumed loss of transportation functions and a nece531ty of emergency repanr works

Table"2 Cate”g’brie"s &F Darﬁ-agé State"s* S

Damage .. Function- Loss.of . Requ:red
« States | . Transportatlon <| Activities ‘
T Serious lnterruptlon o -Restoraﬂon,
] - “for Weeks - ‘_ S T s B
B ',Mddéf’é.t'é Interr‘Uptlon/ Restriction| Temporary
R fSrDays | “Repair | ¢
Slight Restnctlon o Temyporary 1
~ for Hours Repair
None No Restriction None
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3. Estimation of ground motion Characteristic Values

3.1 procedures

Fig.4 shows the estimation steps of ground motion characteristic values at judgement sites. Although

a 3-D dynamic response analysrs of ground model with a real- trmely observed mput ground motion

is desirable, followmg srmplrfled procedure was adopted in this system for minimizing the estimation

time period with enough accuracy.

1) Ground motion characteristic values at the engineering bedrock: A characteristic value right under
a obsewatron site can be estrrnated by assuming a ground response amplrfrcatron ratio.

2) Interpolatron at the englneermg bedrock: A characteristic value right under a judgement site can

be estimated by an interpolation.
3) Ground motion characteristic values at Judgement sites: a characteristic value can be estimated by

assuming a ground response amplification ratio.

Ground Surface

e Highway

Grourid Response
Amplification Ratio

“Step 2 Interpolation
Engmeerlng Bedrock  OteP P j
@ Observatron Site x- Lattnoe Point

o Judgement Slte

Flg 4 Estlmatton Steps of Ground Motlon Characterlstlc Va|ues

3.2 Ground Response Amphﬂcatlon Ratlo

arids z ccordldg o the cychc charactenstics of grOund'

Thi ampllﬁcat i raltio is! theféfore; desirable to be

: 10 ) '1smogfaph nétwork does’not: transmit a

trrne htstory of ground m, iof, 4 da d"é’r‘n‘pliﬁéétron rétno‘Was calculated in‘advance by 4 standard

timé hrstory “Sbservéd in’ the past eéatthduiake” CAlUIEHSh of “the “statidard’ ampllﬂcatlon ratro was
carried out by the “SHAKE?” for each observation/ judgement site. : :

The Kaihoku Brldge record detected in 1978 Mlyagrken -oki Eanhquake was adopted as a standard
“time history because it provided the most average amplification ratio in trial calculations using five
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other typical records obscrved during past' earthquakes. The non:linear property of ground- ¢an also
be considered by €q.(3).

aA=ax b L RN (3)

where, « :Ground response amphflcatlon ratio for each observatlon/ Judgement site
X :Maximum acceleration value (St value) at cngmeenng bedrock
a, b :Coefficients which represent the non-linear property of ground

Fig.5 shows an example of f1x1ng the coefficiénts a and'b. ‘These coéfficients were determmed by a
regression analysis 'of ampllfrcatlon ratios. Four mput ground motions obtained by adjusting " the
makimum acceleration value of the Kaitioku Bridge record to 50, 100, 300 and 500 gals were

adapted to the analysis.

3 250

5 Ground Response

g n Amplification Ratio
:82'00. x X | as= axb"

.g X .. ) X
8 1s0f ~ : =1 821><1 071

, x

:ﬁj o HyUQanada Eq

o 1.00 o Miyagiken Oki Eq

2 4 Nihonkai-Cyubu Eq

=4 x Kushiro- Oki- Eq
: g‘ﬁo;s‘o;z X Hyogoken Nanbu Eq '

.0 100 200 300 400 o
Maxrmum Acceleratlon at Bed Rock :x(gal)

Flg 5 Coefflcrent a and b for Non !mear Property of Ground

3.3 Interpolatlon at Engmeermg Bedrock

Fig.6 shows an 1mage of the mterpolatlon at the engmeenng bedrock Ground Mot10n Charactenstlc
values right under judgement sites can be estimated: by the followmg steps, e

1) D1v1d1ng a whole region into 10m*10m square sections,
2) Deﬂnmon of: 2 ,co- ordmate system, in _Wthh: system (x y) represents_the horizontal lOC&thl’l of-

lattice pomts - B S TP ‘ e
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Interpolation by Curve Sutface

Engineering Bedrock
Fig.6 Interpolation at Engineering Bedrock

The highlight of this procedure is a definition of a curve surface. Because a curve surface is defined
for the whole region, thé characteristic value at each lattice point can be surely estimated. The
characteristic value at each judgement point can be surely estimated if characteristic values at some
observation sites could not be obtained by accidents.

4. Estimation of Ground Liquefaction States along Highways

4.1 P,~Ground Liquefactip'n States Matrix

Table 3 shows a P~ Ground.Liquefaction: States Matrix. Ground liquefaction states can be judged
with the Matrix by P, value that is estimated for each highway sections. The Matrix was developed
based on a series of experimental studies of past earthquake disasters in PWRI. By modifying the

Matrix in accordance with the future research ‘development, judgement accuracy of ground
liquefaction states can be eaally upgraded

Table 3 PLNGround quuefactlon States Matrlx

: Ground ) . I I 3, -
Liquefaction | Serious { Moderate | Slight None
States :
P.Valte | - | P>15 .|152P>5 |52P,
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The P, value for the Damage State “Serious” was not set-up in the Matrix. This is because ground
liquefaction is hardly considered to induce serious damages to road facilities that would interrupt the

transportation for a long time period.

4.2 Procedures

Fig.7 shows the estimation steps of a ground liquefaction state at each highway section. The
highlight of this procedure is a setting-up of maximum acceleration levels for each damage state as
judgement indices. By setting-up the judgement indices prior to an earthquake, time period required
for the judgement can be much reduced.

1) Calculation of a dynamic shear strength ratio R: R ratios, which is defined in eq.(1), for each soil

layer can be calculated with pre-stored ground condition database.
2) Setting-up of judgement indices: P values for each Damage State “Serious”, "Moderate”
and ”Slight” can be determined by Table 3. Maximum acceleration levels for each P, value can

be set-up at each highway section by eq. (2)
3) Judgement of damage states: By comparing the estimated maximum acceleration value with the

maximum acceleration levels, judgement of damage state can be performed.

1st Step

Calculation-of ——
Dynamic Shear Strength Ratio R PL~Max. Acc./R

[ P.~Ground Liquefaction
| States Matrix

2nd Step

Maximum Acceleratlon Value ‘ ' :
Jud tInd

/ for Each Damage State (Py) / ! geg?”,;‘, Elgas
‘ rior to E

<+—————[Estimated Maximum Acceleration]

3rd Step;
/ Serious, Moderate, Slight, None /

Fig.7 Estimation Steps of Ground Liquefaction States

5. Estimation of Bridge Damage States
5.1 SI ValueNBridgeAC()mponent Démage States Matrix

Table 4 shows the SI Value~Bridge ‘Component Damage Matrix. Damagée States of the major
bridge components can be ;judged with the Matrix by SI value that is estimated for each highway
section including a bridge site. As the Damage States of major bndoe componeants, following five
states were selected due to their large effects on a whole bridge system, i.e. 1) Bending failure of RC
column, 2) Shear failure of RC column, 3) Buckling of ST column, 4) Failure of bearing and 5)
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Movement of foundation due to the liquefaction-induced ground flow.

Table 4 S| Value~Bridge Component Damage States Matrix

Damage Damage States of Bridge
States of ) .
Component Serious Moderate Slight None
Bending Failure | Ultimate Béfore Yielding Before
of RC Column . Ultimate Yielding
Shear Failure | Failure Before ~ Shear Before
of RC Column Failure Cracking Cracking
Buckling Buckling Before Slight Before
of ST Column Buckling Deformation | Deformation
~ Failure Failure Damage Damage Slight
of Bearing (tall one) (short one) Damage
Movement of Large Small Slight
Foundation Displacement | Displacement| Displacement

The Matrix was developed based on both a series of experimental studies and dynamic response-

analyses in PWRI. Basic concepts for the Judoement of damage states are as follows;

1) Bending failuie of RC column: ' : ~
Relationships ‘between SI value.and damage states were set-up for several column types
Relationships were determined by the dynamic response analyses on approximately 400 columns.
Column types were classified by structural specifications such as section size and weight. Damage
states for each column type ¢an be Judged by the SI value ‘

2) Shear failure of” RC column: '
By a combination of b/D value and:-design year, a possibility of shear failure to be. developed prlor
to the bending failure is estimated. h/D value ‘is a‘ratio of a column height against a section size.
Damage states can be judged by the SI value based on a series of experimental studies of past
earthquake disasters.

3) Buckling of ST column; ,
A possibility of buckling is estlmated by desngn year. Damage states can be judged experimentally
by the SI value. : ,

4) Failure of bearing: :
A possibility of failure is estlmated expenmentally by the SI value. Because a failure of bearing

induces a gap of road' surface, the damage states are to be judged by the bearing height.

S) Movement of foundation due to lateral ground spread:
Verifying the distance between foundation s1tes and water lines, a pOSSlblllly of the liquefaction-
induced ground flow is estxmated Damaoe states can be judgéd by a cOmbmatlon of the distance

and a ground liquefaction state.”
5.2 Bridge Comp’onent'Da}ﬁaig’e’St‘a'fes’**Bridge 'Damag'e' 'States Matr,ix} ,
Table 5 shows a Bridge Component Damage StatesNBndge Dar‘naoe States Matrix. The Damage

State of a whole bridge system can be judged by comparing the damage states of major bridge
components, i.e. the maximom damage state among those of major bridge components represents the
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damage state of a whole bridge system.
Table 5 Bridge Component Damage States Matrix~ Bridge Damage States Matrix

Bending Failure of RC Column

Design| Yield Damage States of Component”
Code | Seismic [{jjtimate | Before | Yielding| Before
| Coefficient| Ultimate| | Yielding
1979 | -=-menmene- 1 SI>50 | SI>30 | SI>10 | 10=SI
1990 | -meeveeen SI>50 | SI>30 | SI>10 | 10=8SI
1995 | 0.6>kKy | SI>EO | weiemrees [ coieenees 502 S|

kny20.6 [SI>100 | SI>50" | ------one- 502!

5.3 Procedures

Fig.8 shows the eshmatlon stepq of the damaoe states for each brldge The hlghhghts of thlS'

procedure. are; 1) setting-up of SI value levels for each damage state as Judoement rindices, *2)

verifying a bridge component that represents the damage state of 'a whole bridge system. By these

pre-earthquake works, time period required for the: Judgement can be much reduced.

1) Setting-up of judgement indices for each major bridge: component: SI. value levels -for each
Damage State “Serious”, ”Moderate” and »Slight” can be determined by Table'5. o ;

2) Setting-up of judgement indices for a whole: brldge system: Sl value levels for each Damage State
“can be determmed by verlfymg a minimum SI value level among those of 1 major components: :

S \/alue~Bndge COmponent SERL
st Step I

Damage States Matrlx_v ‘
Sl Value for Each
Component/ Damage State
,2nd Step. ¥y

[‘Brldge Component~Brldge 1
, /Sl Value f r Each Damage State/l Judgement Indlces for Bndge l

Judgéement lndlces for
Components

Damage Statesiﬁt\_/t_atm(,__

.............. ' adni
A - Estimated S| Value J L
3rd’ Step L 4 A IS R Al fee i <SR SR

/ Serious, Moderate Slight, None /

" Fia.8 Estimation Steos:Of'Br‘ldde'Damaqe Statessﬁ L
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3) Judgement of damage state: By comparing the estimated SI value with the SI value levels,
judgement of damage state can be performed.

CONCLUSIONS

The Real-time Earthquake Damage Estimation System for Road Facilities was introduced. By
providing rough estimations on damage states and damage distributions of road facilities
immediately after an earthquake, the System will support quick decision-making on emergency
activities, i.e. efficient damage inspections with restricted amount of inspectors, management of
buck-up organization management and construction stuffs/ devices control.

For the implementation to the emergency practice, further research is required on the following
points;

1) Accumulation of ground/ structural condition data, and construction of databases

2) Upgrade of damage estimation accuracy based on disaster experiences

3) Development of damage estimation procedures for the other road facilities

4) System cooperation with the other individual systems for the road management activities
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ABSTRUCT

This article describes the structure and the method to assess the socio-economic effect
of earthquake disaster in urban arca. The methods are developed to be implemented on the
application system which is used for practical planning uses. The system with the databases of
socio-cconomic data and transportation network data is given with the damage data of
production facilities and that of the transportation networks in a damaged arca. The system
utilizes the several methods to estimate the transportation state, to transform it to the change of
production and to evaluate the economic effects in and out of the damaged area. Such system are
useful for the personnel in charge of regional earthquake disaster prevention plans at public
bodies to establish, revise and improve the designing/retrofit plans of transportation networks.

1. INTRODUCTION

Besides the direct damage on people’s life, houses and civil infrastructures, 1995
Hanshin-Awaji earthquake disaster showed us various indirect effects such as traffic congestion
and health problem. Among them the economical effect is one of the most important points to be
considered carefully because the effect may spread over in and out of the damaged area and
affect people’s life lasting long time. Especially, the damage of highway networks have to do
with such effect through the hindrance of production/ material transportation. Thus, those who
plan the earthquake tolerating highway system and facilities must determine the portions of the
network critical in terms of the influences on the economic effects. Also, such information is
quite-important when one considers. the strategies of seismic retrofit or restoration of highway
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facilitics.

Estimations of such direct/ indirect economical effects were announced by several
organizations™, However, their amounts have large variation, and their definitions of indirect
effects may differ one by one (Table 1-1). Also the effect due to the damage on highway network

is not separated from the total amount of damage.

Table 1-1

Direc Damage Indirect Damage

$54 bil. —

$42 bil. ~

$50 bhil. —

$83 bil. -

- $20 bil.

$25-33 bil. $8 bil. on the local industry

$21 bil. as stock damage $22 bil. as flow damage

$8-21 bil. on business

activities in damaged area

v ‘ $58 bil. of GDP decrease

$82 bil. in Hyogo causéd by delay of frelght in
, damaged area- ,

$0.2 bil. by transport

- facility damage and $5 bil: as

repercussive ecopomic effect

i | ~ [¥5 bil. from decreased freight

$9 bil. on port facilities |opération caiused by damage on

R : port facilities

In this article, first the mechanism of the economical effects of an earthquake is
analyzed and clarified explicitly. The economical effect caused by the direct damage on
production facilities and that induced by ‘the ‘damage ‘of transportation facilities are taken into
consideration. Each operation necessary for the estimation is divided and reorganized into “sub
module.” Second, algorithm' of each module is investigated, modeled and prepared ready for the
systém' construction. ‘Finally, a case study is'tried in the particular area, namely the Kobe area
suffered from Hanshin-Awaji"earthquake'dis'aster' The total ‘amount and-the portion due to the
transportatlon network damage of the indirect effect is examined. :

The systemn based on the methods mtroduced here is planned to be used for the practlcal
use in ‘public bodies such ‘as: construction ‘bureaus and work officesin charge of 'highway
networks. While many assumptions are used, it is concentrated that system has: flexibility - for
revisions by dividing thém int¢ elemental modules. In:the following sections; the fundamental
issues from the point of the use of the systern applying the methods: Then, the framework of the
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estimation is shown, Explanations of three important parts of the methods follow; namely,

transportation state estimation, its transformation to the economical analysis and estimation of its
repercussion effect. Finally, results of the case study for the area damaged by Hanshin-Awaji

earthquake disaster are discussed.

2. FUNDAMENTAL ISSUES

The final objective of the project is to construct an application system which estimates

the economic effect of the damage on transportation facilities caused by an earthquake. Thus, the
individual methods examined here are to'bé used in principal modules of the system. Several
fundamental policies of the system design follow (See also Figure 2-1).

a)

b)

d)

after an earthquake. ,
Time period of the estimation is ’from’ one week to several years after the earthquake.

In the development of th‘cbmgtho“dé,'f'it was considered that the problems and the possibilities
of the modules must be Clarified so tﬁat the system can be revised easily.

Damageé on highvféy facilities

Users of the system are supposed to be the ones in charge of planning and management of
the highway network in an prefecture or a block which consists of several prefectures.

The user inputs damaged portions of the highway network. The damage state is assumed
when the system is used under normal condition before an earthquake, or it is investigated

pz}mage on production facilities

Socio-economic

M| |mitiatization f:ﬁ

T U T R :
( Normal \V : Assumed <\Fe‘9dba0k-
Conditions damage -
‘ . o ~before e ~
Highway Network earthquake '
data- 1

@ Planning G 2

. Priority of countermeasure
Executlon | influences sconomlic effect

“ ,

f

data
Planner G Restoration

1
Time history of

';d/;%ggle \__economic effect
rt?mﬂer k
sarnquake Feedback
Figure 2-1
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3, FRAMEWORK OF ESTIMATION

The estimation consists of following three methods (Figure 3-1).

a) Transportation state estimation after earthquake: Transport times between all zones in the
damaged area are calculated. Transportation analysis method is used (Zraffic
estimation part).

b) Transformation of duction: It determines the change of
production affected by the direct damage on the production facilities themselves and

by the indirect damage of transportation network (Transformation part).

¢) Economical effect estimation: The repercussion of the change of the production spread over in
and out of the damaged area. This part deal with the calculation of indirect efféct of
the economy originated from the change of: the production: (Ecornomic: estimation

part).” S - S ,
~ Transportation /- ‘Soc'ioi’ect’)hc‘)'mic 7
Traffic Estimation Part |-~~~ N Transforma(lon Pan‘ :;""."'*tf"’f: ------ e
Traffic Analysis Productlon Potentlal 1.
after Earthquake '
r. . ¢ < -

S A T N A . | ‘Restriction of Productlon:‘_?
Transport Time  /— mal byTransportTlme&Cost' ’

y .

| ':/nesmaed* i

Economlc Est/mat/on Pad v

- L S !OAnalySIS

y

v / Econo_mlcal Effect of Transportatson /

Fao:lmes Damage =

F 1gure 3~1

" 4.TRAFFICE ESTIMATION | |
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(2) Outline

Transportation estimation part utilizes the four-step method to analyze the traffic state
after an earthquake (Figure 4-1). In this part, the transport time between each zone is calculated
based on the transportation network data and socio-economic data in each zone. The output
result of this part is travel times from zones to anothér zones. They ate provided to the
transformation part to calculate the change of the production.

‘ Tralfic Census / o /
/ OD Trip Survey / Socio-economic Data

¥
Trip Generation & Attraction
X ’ ¥ OD Trip Time
Freight Trip Distribution Personal Trip Distribution :
I -
Modal Split OD Distance Shortest Path Searching
Auto Trip Train Trip
Modificd Auto Trip  [* )
v Y : OD Trip Time
Network Assignment
_ ¥

/ OD Travel Time /

Figure 4-1

(2) Estimation of OD Trip Generatxon and Attractlon

In the first step, the trxp generatlon and attractlon ‘at each zone in the"damaged area is
estimated. The trip represents the source of traffic concerning the personal travel. Although these
trips do not carry productions and materials, their traffic volume affect the transpoit ‘tiitie ‘of
freight trips. Personal trip generations and attractions are calculated from socio- economic'data by
usmg regressxon equatlons obtained from the person trip survey (PT survey).”

S : : G, = func(x,x;,,..) '

’ Ay = fNC(Y g3 Yigain) ‘
Where, G;; A means the trip “genieration and’attraction at zone'i, respectlvely, and X and 'y,
cérrGSpoﬁd to fhe explanatory varlables for gcneratlon and attraction‘at zone i:” SR

@

(3) Trlp Distribution R TR Lok
‘ - After the’ tnp genérations arid ‘attractions are ‘calélated, they are: aSSJgned td the trip
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from origin zones to destination zoncs. The method proposed here is the gravity model.

) Gi(zAi[)
Ty =k 5 (4.2)

In the above equation, 7, is the trip from zone i to zone j, and G; and 4; means trip generation at
zone i and trip attraction at zone j. #; is the inter-zonc resistance between zone i and j. To
determine the cquation completely, the coefficient x and power numbers o, 8 and y arc
determined by regressing the data from the PT survey.

(4) Modal Split

The trips derived through
the step (1) and (2) does not include
only those by automobiles, but also
those by other modes such as

All Personal Trips All Personal Trips

Choice Rate
(Auto & Train)

Trip by Walking,

walking and train. However, they do ’ Auto and Traln Trip ol by Walking,
not include freight trips. In this stage,

the personal trips are divided into R

several traffic modes, and then, the

freight trips by trucks obtained Aulo T”P Train Trip

directly from the traffic census data :
. Cholce Aate [ Switch of Trip J
are added into the personal l (Owned Car} by Damage
automobile trip (Figure 4-2). As a
result, the automobile trips to be
assigned: on the highway network . Figure 4-2

‘are obtained. .. -

Truck Trip | | Owned Gar Trip ‘Bus Trip

(5) Network A531gnmcnt v . y
The trip from each zone to another zone is assigned on the given highway network here.

For the pre-earthquake state, the network data. without damage are used, and for the post-
earthquake state, the network data with damage on the links corresponding to the designated time
period are used. Assignmcht»pro,ccdure-is executed based on the user equilibrium (UE) ;,thgo_ry,
The trips are assigned in heuristic way; say, step-by-step assignment. Based on the traffic volume
on each link in the network, the travel time on route from each zone to other zones:is. obtained, In
other words,:the travel time matrices of the normal conditions and each time period after the
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earthquake are prepared for the input to the following transformation part.

5. TRANSFORMING THE RESULT OF TRANSPORTATION STATE INTO
INFLUENCE ON PRODUCTION

(1) Outline
Given the travel time matrices, the / Travel Time / /Produclion'FacililyDamago/
" change of trayel times for a time period after the
earthquake against the normal condition are Y 3 Y
. , P ITransport Tlmel lTranspon Cosll chcreased f’deUCNOﬂ]
obtained. In this part, the data are transformed .
* N . B ‘V
into the change of production in the damaged Decreaso of >
. Production ¥ - A P‘l;x:u?gmm
area (F gure 5 '1) . ln’l)errggll:_::nof L 5 0‘?,;?“2 Slaylo °
. . roducit
~ The part mainly consists of two steps.
First, the production after the earthquake is |
3 1 H Productlion Affected
calculgted based on the input facility damage / b%;:;;gamgg: /
data. Although these data include the damage of and Traffic Stato
the production facilities such as factories and Figure 5-1

stores, the effect of the damage on the highway
network is not included. Thus, the result of this step means the possible production affected by
the earthquake. _ :

Next, the effect of the transportation network damage is taken into account. Two kinds
of effects are examined: namely, the decrease of production caused by the increase of the
transport time and the interruption of production caused by the increase of the transport cost.
These effects are added on the possible p_r‘oduCtion, and the decreased productions data are
obtained. This set of data is use‘fl as the input data for the following economic estimation part.

(2) Possible Productions after the Earthquake
- Possible Productions are determined
for thé production categories such as mining and:

100% aded B \
k 1, Moderate
' Serious

0 50%.

Possible Production Coefficient

manufacturing, For the initial data immediately

after ;t:hc' earthquake, facility damage indices .. g

which’-- mean ‘ihé""'de'dreésirig‘ tate of each:

production category: are input by the user. Then .=, = o™ — -

Figure 5-2
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the decreasing rates recover as time goes. This situation is represented by two types of the
production potential curves assumed as Figure 5-2 corresponding to the damage criteria:
“serious” and “moderate”. These curves were derived by examining the results of the inquiries to

the enterprises damaged in' Hanshin-Awaji earthquake®.

(3) Effect of Transport Time
The possible production is affected by the transport time because its increase restricts

the flow of products and materials. By comparing “the travel-time immediately after the
earthquake and that of an arbitrary time period, the effect rate of the freight is détermined.

er(z) = func[ EO;} (¢.1)

Here, the &, (7)is the effect rate of the freight at time period = based on the transport time, and

t.(7) is the average travel time from the damaged zone'to other Zones at time period z. Also =0
means immediately after the 1.0 '
carthquake. In this research, the

function is assumed as the inverse &{%)

proportion function. Thus, we obtain ' '
L | | T
(¥) = (5.2)
or t.@
The shape of the function is shown 0 RAGLAON
on the Figure 5-3. . o '  Figure 5:3 a

(4) Effect of Transport Cost -

The - productions “are -also’ affected by ‘the ' jg Einzssierni o o i
transport cost when it becomes large against the ‘total | N\ IR
production cost. A producer may suspend his/hér} 60
production activities while the transport cost is
dominant and too much for him/her. The :_fun"c‘t'ic')’n
curves of the transport cost effect Trate is shown o '
Figure 5-4. Here, the effect rate is “assumed to be
explained by the certain coefficient: transport cost™
increase (ACs) divided by business surplus(Sr) Inthis <
research, three types of functions are-assumed and © - o SovHigareSed
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their effects are determined in the case study.

While the execution, the restricted production data are calculated for arbitrary time
period based on the direct damage of production input to this module and the effect rates of
production calculated here. The output data of this module is the production amount for each
production category in the damaged area. They are submitted to the next economic estimation
part and their repercussion effect is calculated.

6. ESTIMATION OF REPERCUSSION EFFECT OF ECONOMY IN AND OUT OF THE
DAMAGED AREA

(l) Outline
After the calculation in the preceding two parts, the production vector for the instance
immediately after the earthquake and that for arbitrary time period is derived.
p(0) = (5(0), £,(0),..., F:(0))
p@) = (B @), B()- .., B (v))

Here, C means the number of production categories, and P,(¢) represents the production amount

(6.1)

of category c¢ at time period 7. Note that these vectors are column vectors. To approach the
problem here, three conditions are set to solve the problem: namely, (a) the model must be the
dynamic model to keep track of the phenomena after the earthquake, (b) the input data are the
production amount restricted by the earthquake damage, (c) repercussion effect of a production
category to other categories must be expressed. v

Among the theories to deal with the economic effect, the input-output model (I0-model,
Reontieff model) is generally used®. However, it usually has the production vector as the output
valué instead of the restricted input value, S |
p=U-A)"f (62
In the equation above, f is the final demand vector, and I and A are the unit matrix and the input-
output ‘matrix (I-O matrix), respectively. Although there is a method which dynamlcally deal
with the problem, the production vector is still used as a objective value..

(2) Alternauves , A
Here, we set the problem to 1nput the restricted productlon vectors. -
fo@) = folt-D+fun p,(¥), pp(x ~1),parameters] ~ (6.3)
v means the discrete time period number, and the index D means that the variables are those of
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the damaged area. In this research, three approaches examined, those include

(8) basic approach that applies the fundamental balance equation of 10-model,

(b) primitive approach in which the concept of supply and stock is introduced,

(c) possible-required balance approach in which iterative calculations with 10-matrix and

required JO-matrix.

(3) The method used for the case study
After some examinations, the simplest method (a) turned out to show better results. With the

equation for the nationwide effect, it is written as below.

4 5(0) = (I, - A,)4p,, (@)
Apy ()= ‘AN)~l Af y (%) 6.4)
4 »(¥) = A ()

Where, the index N represents the variables that are of whole nation. Although it is not really a
dynamic approach, it gives better results than (b) or (¢) without unclear parameters.

After this part is executed, ‘the nationwide production effect caused by that in the
damaged area is calculated for arbitrarily designated time period with input data.

7. CASE STUDY

(1) Outline
To "examine the “adequacy -
of the method, a case study was

/\ Link i¢stored in 50 weeks
X Link restored in 80 weeks

tried for the area damaged by o N :
Hanshin-Awaji earthquake disaster. swnmeiino2

The case study is divided into three -~ ' : Kita Ward YRRV AVIAN
parts: that is, (a) traffic estimation, . : e “"C’:‘lg'a
(b) transformation, (c) economic : N T N L

estimation,

The target zone is Hyogo Ward

......

wards damaged in the earthquake. = - Figure 7:1
The  highway ‘routes for the [RCEE
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estimation is shown on Figure 7-1. The cities and wards are connected by several trunk routes
such as national expressway/highways and Hanshin Expressway. Besides the routes in the figure,
highway network with the level above the main prefecture load is included. To simulate the
situation of the earthquake disaster, several highway links were cut off, and they were assumed
to be restored in the certain time periods. Also, the damage on.production facilitics was assumed
based on the acceleration distribution of the earthquake.

Starting from the settings above, the simulation calculations were conducted, and their

results are shown for the three steps as stated above.

(2) Traffic Estimation Results
The damage on Hashin Expressway induces the increases of travel time between the

cities and wards. Table 7-1 states the travel time and the traveling speed between Amagaski and
Suma. The table indicates that the travel time immediately after the earthquake increascs by one
hour and six minutes (2.6 times) than that in the normal condition. Thus, the traffic along in the
east-west direction is affected seriously, which is thought to coincide the state of the earthquake
disaster. However, the calculated travel speeds are larger than that investigated after Hanshin-
Awaji earthquake disaster™. To obtain more accurate results, the traffics unique for the situation

immiediately after an earthquake such as emergency relief and fire defense need to be included.

Table 7-1
Normal After After 50 | After 80
. Lo - v S Earthquake weeks weeks
Damage State |[Nishinomiya ~ Nada O X - X O
: Nada =:Chu-6 ] Q X @) O
& .. |chu-o.~ Suma. - 1 . O X . X O
Estimates for [Travel Time' (h) .. S04 1:41 0:59 0:41
Amagasaki-Suma [Travel Speed (km/h) ° 48. 9 17,2 '29. 6 48, 9
" IShortest Distance (km) 33, 4 30.7 29. 1 33. 4

(3).Transformation Results
The estirnated damages on the production facilities in Hyogo prefecture area are shown

on Table 7-2. On the table, (a) the rate of direct damage without effect of the highway damage,
(2) the rate of indirect damage caused by the increase of travel time and (3) the rate of indirect
'damage caused by the increase of travel cost are shown by the time period corresponding to the
restoration: It can be said that the indirect effect induced by the increase of travel time dominates
the direct damage.: On the other hand, the indirect damage caused by the .incréasc of travel cost
does not indicates significant magnitude._Th_erefore, this method regarding the travel cost needs
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to be modified if it is thought to'show greater effect, or the final system may neglect it.

Table 7-2
Normal After After 50 After 80
, Earthquake| weeks weeks
Only direct damage on
facility 100% 91% 97% 983
Direct damage and the
effect of travel time .]00% 13% 93% 98% ,
Direct damage and the
effect of travel cost 100% 9% 974 98%

(3) Economic Estimation Results

As stated in the preceding chapter ‘regarding the ‘economic effect, only ‘the basic
approach showed the appropriate result (Table 7-3). The table shows that the repercussion effect
of the damage on production facilities to the final demand in the damaged area (Hyogo) and‘that
to the nationwide production. Corresponding to the damage level of the transformation result
part, the final demand in Hyogo and the nationwide product decreases $10-30 billion and $20-70
billion, ‘réspécti\’/ely' These results ‘do not have excéss differences compared ‘to the results'of past
investigations.' Thus the combination of the méthods proposed here can 'be said to give

appropriate results.

Table 7-3
| R Normal ~-5% -10% | -20%
Hyogo Product - | 0.00] -18.58]  -37.15] -T4.31f
S Final demand 0.00]  -=9.23] -18.45). -36.91
(Whole Product . . ~0.00 =8, 23[* =18745]: ~-36. 91}
National [Final demand - 0.00] - -18.85] . -37.70] =75.40
. — (bil I i'Oni-_dO'I'I'érs‘)'

" ‘CONCLUSIONS '

The conclusiotis led fror the résearch ‘are stated as follows.

(3) A method t6 éstimate the'socio-economnic effect of the earthqiiake damage o transportation
facilities Was’ propoSed by combining the ‘three methods! traffic estimation; transformation:of
the testlt of traffic estimation to' ecbnomxc damage and economic estimatiort: ch

(b) By exammmg the testlt of the case study of Hy6go, it Was recoghized
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- that the post-carthquake specific traffic such as emergency relicf and fire defense needs to
be considered.

- that the indirect damage caused by the increase of transport time has larger effect than the
direct damage. However, the indirect damage caused by the increase of transport cost may
not have significant effect.

- that the basic approach showed the appropriate result ambng the economic estimation
methods proposed in this research,

The method introduced here includes the modeled functions in which many assumptions
and idealizations are applied. Although there are few well-organized socio-economic/
transportation data of the post-carthquake situation, the models in the method are needed to be
improved from the theoretical and measurement points of view.
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ABSTRUCT

1995 Hyogo-ken Nanbu Earthquake revealed the vulnerability of highly developed urban area
due to the damage on civil infrastructures. Especially, the importance of the trz;nsportation systems
including the highway network has been emphasized. Based on the lessons learned from the earthquake,
Ministry of Construction (MOC) has established its new strategies to construct cities and highway
systems tolerant to the earthquake. Based on the strategies, Public Works Research Institute (PWRI) has
been promoting the researches both from the point of view of the hardware approach and the software

approach for pre-/post-earthquake measures. This paper describes such research topics at PWRI.

BACKGROUND

In Hyogo-ken Nanbu Earthquake in 1995, highly developed urban area suffered severe damage.
There were many civil infrastructures damaged in the earthquake as well as casualties and injuries (Table-
[.1). While many people lost their lives in the destroyed houses/buildings and in fires, the damage on
civil infrastructures including lifelines were also significant. As they support the activities not only the
usual activities but also emergency responses such as fire fighting, their damage caused the serious effects
on the post-earthquake activities as well as their primary disaster.

Among them, the catastrophic damage on many highway structures revealed their vulnerability
to the unprecedented strong motion and their importance to the activities after earthquakes. Due to the
excess strong motion, some columns of bridges and viaducts were destroyed fatally, and the beams fell

down on the top of columns or on the ground (Photo-1.1~1.4).
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Table-1.1 Damage Cased by the 1995 Hyogo-ken Nanbu Earthquake"’

Qutline Date Janvary 17, 1995, 5:46
Epicenter Awajishima Island
Depth 16km
Seismic 7 (estimated): Part of Kobe, Ashiya, lehmomlya Takarazuka,
intensity(JMA) Awajishima
6: Kobe, Sumoto
5: Kyoto, Hikone
General Casualties Death: 6,308
damages Missing: 2
Injuries: 43,177
Buildings Housing: 436,416 (Totally Collapsed: 100,302)
Public Buildings: 750
General Buijldings: 3,952
Fires Number of Fires: 294
Structural  [Road facilities 554 sites (on the road under the jurisdiction of nation)
damages 449 sites (on the road under the jurisdiction of public corporations)
(related to 2,589 sites (on the road under the jurisdiction of prefectures and
MOC) municipalities)
River facilities 32 sites on 4 rivers in 3 water systems (under the jurisdiction of]
nation: bank subsidence, cracks and so on)
2,589 sites (under the jurisdiction of prefectures and municipalities)
Dam facilities I site (under the jurisdiction of nation: deformation of the gate of]
{Kakogawa dam)
Shore protection|4 sites on 1 coast (under the Jurlsdlctlon of nation: bank subsidence,
facilities cracks and so on) .
, , |9 sites (under the jurisdiction of prefectures)
Sediment control[10 sites (under the jurisdiction of nation, cracks éte. )
facilities 23 sites (under the jurisdiction of prefectures). -
Landslides I site (under the jurisdiction of a prefecture)
Slope failure 7 sites (under the Junsdlctron of a prefecture)
Sewage facilities  [1,050 sites” '
Peblic spaces 428 sites (under the jurisdiction of prefectures and mumcrpalntres)
Urban streets 46 sites (under the jurisdiction of prefectures and cmes)
Government offices |51 buildings
Public housing and|2,333 houses in 34 areas (in Kobe City and other 3 cities and towns)
Corporation
apartments
Lifeline General water supply|Suspension of water supply 1.3 mil. houses (1mmed1ately after the
damages systems - earthquake) = - s Lt ‘

{Industrial

water
supply systems

Suspensron of water supply 250 compames (rmmedlately aﬂer the

PRz

Electric power

Cutting of the electric power: 2.6 mrl houses (immediately ‘after the
earthquake) .

[Gas.

Suspension of supply 860 thousands houses (1mmed|ately after the
earthquake)

Telephone More than 300 thousands lines influenced: :

Railways Interrupted sectlon 219km on bullet tram, 123km_on JR local llne,

" [296km on private enterpnse lme (whrch were not restored on the

day)”

Harborifacilities

Serious damage: Port Island area, Rokko Island area in Kobe Bay

Subsrdence and crack of wharf and road Osaka Bay




Table-1 Damage Cased by the 1995 Hyogo-ken Nanbu Earthquake!"

Outline Date January 17, 1995, 5:46
Epicenter Awajishima Island
Depth 16km A
Seismic 7 (estimated): Part of Kobe, Ashiya, Nishinomiya, Takarazuka,
intensity(JMA) Awajishima
6: Kobe, Sumoto
: s 5: Kyoto, Hikone
General Casualties Death: 6,308
damages : Missing: 2
' | Injuries: 43,177 :
Buildings Housing: 436,416 (Totally Collapsed: 100,302)
Public Buildings: 750
General Buildings: 3,952
Fires Number of Fires: 294
Structural  [Road facilities 554 sites (on the road under the jurisdiction of nation)
damages ' 449 sites'(on the road under the jurisdiction of public corporations)
(related  to 2,589 sites (on the road under the jurisdiction of prefectures and
MOC) L municipalities)
River facilities 32 sites on 4 rivers in 3 water systems (under the jurisdiction of]
nation; bank subsidence, cracks and so on)
e L e 2,589 sites (under the jurisdiction of prefectures and municipalities)
Dam facilities |1 site (under the jurisdiction of nation: deformation of the gate o
o L Kakogawa dam) 7
Shore  protection|4 sites on 1 coast (under the Junsdlctlon of nation: bank subsidence,
facilities cracks and so on)
L. |9sites (under-the jurisdiction of prefectures)
Sediment contrbl 10 sites (under the jurisdiction of nation, cracks etc.)
' |facilities 23 sites (under the jurisdiction of prefectures)
Landslides 1 site (under the jurisdiction of a prefecture)
[Slope failure |7 sites (under theJurlsdlctlon of a prefecture)
Sewage facilities 1,050 sites
Peblic spaces 428 sites (inder the jurisdiction of prefectures and municipalities)
Urban streets 46 sites (under the jurisdiction of prefectures and cities)
Govemnment offices |51 buildings
Public housing and|2,333 houses in 34 areas (in Kobe City and other 3 cities and towns)
Corporation :
, apartments ; ,
Lifeline General water supply|Suspension of water supply: 1.3 mil. houses (immediately after the
damages systems earthquake)
Industrial water|Suspension of water supply: 250 compames (immediately after the
supply systems ° earthquake)
Electric power Cutting of the electric power: 2.6 mil. houses (immediately after the
, _|earthquake)- 5
Gas “[Suspension of supply: 860 thousands houses (immediately after the
- earthquake) »
|Telephone. More than 300 thousands lines influenced
Railways Interrupted section: 219km on bullet train, 123km on JR local line,

|day)

296km on pnvate enterpnse Ime (whlch were not restored on the

Harbor facilities

Serious damage: Port Island area, Rokko Island area in Kobe Bay
Subsidence and crack of wharf and road: Osaka Bay
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Photo-1.3 Damage of RC Column . . | Plibto!L4 blj;'rhage of Steel Column

Due to such severe damage, many portions of the highway network“iﬁ';t'}i"e"arééi were obstructed

(Figure-1.1, 1.2, 1.3), and the transportation was limited (Figure-1.4).

9/ b

Figure-1.1 Severe Damage on Highway Bridges®
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Figure-1.4 Limited Traffic Volume®X"

For the lessons:learned from the disaster on highWay facilities by the earthqﬁake,‘ some results of the

researches have been applied already, and some are still ongoing, Those are, o _

- New seismic design systems and technologles applied for the restoration, retroﬁt -and construction of
highway bridges. _ , . , : o ,

- Quantitative assessment method . for. the. seismic performance, the ‘damage effect. and. the project
regarding highway network system. - ' 7 T T

~ - Technologies and systems to support emergency response activity immediately after the earthquake.
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EARTHQUAKE HAZARD REDUCTION PROGRAM IN MOC

Immediately after the Hyogo-ke'n Nanbu Earthquake, MOC ofgahized seismic safety
commissions for the civil infrastructures under the jurisdiction and buildings. Also, the Japan Society of
Civil Engineering and Architectural Institute of Japan announced the proposals on the seismic design
procedures for civil infrastructures and buildings. Based on the knowledge acquired from the activities
above, MOC has revised the seismic design standards, and seismic assessment/strengthening guidelines

However, realizing the structures strong enough against possible larger scale earthquakes in the
future is not adequate from the technical/economical point of view. Thus, the strategy to minimize
socioeconomic effect of the earthquake supposing - or accepting - the damage on facilities is important.

MOC has developed “Comprehensive Earthquake Hazards Reduction Program for the Urban Area”.

’ Safely and Relief of Citizens I

—

Technical & political lessons

{

Concept of safety

Y

[Pundamentals to develop the earthquake tolerant districts

l

Implementing comprehensive policies

Figure-2.1 Comprehensive Eérthq-uake Hazards Ré"ducltion’:Program for the Urban Area
The fundamental policies of the program are summarized as follows.

- Comprehensive and intentional promotion of urban planning/development
Earthquake countermeasures promoted comprehensively and intentionally by reflecting the earthquake
effects to the “Master Plan of urban planning/devélopment”

- Construction of frame structures with high seismic safety

Re-development of cities based on the “Master Plan® to form the frame structure that consists of coré
p

structures such as medical, welfare and administrative storage facilities; and the fire protection-zone
fabricated such-facilities as road, river and fire:resistant building .

- Construction of civil infrastructure for the regional hazard reduction

Emergericy transport highway networks, evacuation road networks and public.spaces for the emergency-

“activities; Common buildings for government offices as disaster prevention'bases-

- Securing séismic safety of lifélines
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Common utility ducts and compact cable boxes that store the lifelines such as electric power cable and
gas pipes; Facilities that utilizes the river water and purified sewage water for the fire fighting;
Emergency communication networks between administrative agencies, highway users and residents

- Construction of wide-area highway networks
Wide-area highway networks which can secure the redundancy of hlghway nctwmks to reduces the

nationwide socioeconomic effects

As for the highway, the “Recommendations to Earthquake Tolerant Highway Construction” has
been announced and the planning measures and opemtnoml measures have been taken. The planning
measures include establlshmg emergency transport highway networks, an(I the operational measures
include “Urgent Bridge Retrofit Project for Earthquake Disaster Countermeasure” The former measure
aims to set up the hierarchy of highway networks that secure the emergency response activities
immediately after the earthquake. Importance is emphasized to improve the seismic performance from the
point of view of the comprehensive network system. Also, strengthening the scismic performance of the
portions of the emergency highway network is required. The later operational measure to retrofit the
bridges which do not have enough perfon’nance agamst the earthquake required to practically retrofit

29,400 bridge columns of the national hlghways and the toll r0'1ds from 1995 to 1997.

REVSEARCH ON HARDWARE ASPECT OF TRANSPORTATION SYSTEMS

Immediately after the earthquake, the guideline to restore the damaged highway bridge columns
had been investigated by PWRI. Also, the new éeisymi,é:‘;speciﬁcation for highway bridges was published
in 1996. In these standards, the “levels of earthquakf':”." for the input ground motion and the “ductility
design method” was introduced. The former issue, the’ levels of earthquake takes the intensities of strong
motions and their chance of occurrences into consxderatlon This idea clarifies the level of seismic
performance of the highway bridges to be secured depending on their importance and functionality. The
later issue, the ductility design method;aims} to construct “ductile” bridges against the vquite large
earthquakes. Such ductile bridges are expected stand without brittle destruction evén though they are
~ damaged by the earthquakes that exceed the expected intensity. ,

~To, construct. or retrofit ductile bridge columns, various technologxes have been introduced.
Those include the reinforced concrete jacketing and the steel jacketing for the RC columns, and the corner

strengthening, additional:rib-welding and the infill-concrete casting for the steel columns.
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Revision of Disaster Suggestlons of Civil Engineering
Prevention Plan Soclety and Architecture Socfety
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Earthquake | Occurrence . Required
Levels probability Intensity safety
Once or twice. . Secure functions
Level-1 while using Moderate of structures
. . . Secure safety
Lev‘el 2 Quite small Quite large of people

Figure-3.1 New Concept of Seismic Design

L ‘Seismic Coefficient Method
+

Check of Dynamic Strength and Ductilityj
-Reinforced Concréte Columns
-Steel Columns '

- Foundations

J

Figure-3.2 Philosophy of New Seismic Design Speéiﬁcations for Highway Bridges

AN

Figure-3.3 Example RC Column Retrofit

To acquire the data for the results above, PWRI has constructed large experiment facilities. One
of them'is the “Large-scale Three-dimeénsional Shaking Table”. It has a table of 8mx8m and can generate
2G in thé horizontal direction and 1G'in the vertical direction at maximum. Its special feature is that it has
ability of hybrid vibrationi experiment. By applyinig the' shaking table and ‘the fast -computer,it ‘can
combine the shaking table experiment and the numerical experiment through which the behavior of
abstract structure is simulated simultaneously to the movement of actual specimen on the table. Thus, the
experiment for the complicated structure such as the super/Substructhres and foundation in the ground can

be conducted easily and efficiently by dividing it into actual model and the numerical model.
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Figure-3.4 Large-scale Three-dimensional Shaking Table

Another experiment facility constructed after the earthquake ‘is the “Geotechnical Centrifuge
[I”. It aims to conduct the experiments for the large earth structures such as river bunks in which the
scale effect cannot be neglected. Its 6.6m-long rotating arm generates 100G centrifugal acceleration for

the dynamic test, and the shaking table’s ability is 40G during the rotation. It corresponds to 2G for the
1/20-scaled model.
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Figt\l'rei—3.5> PWRI Geoteéhr;ical Centrifuge 111
RESEARCH ON SOFTWARE ASPECT OF TRANSPORTATION SYSTEMS
Besides the approaches from the hardware aspect, the software approaches for the pre-/post-

* earthquake assessment/planning/response has been emphasized since Hyogo-ken Nanbu Earthquake. To
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construct the earthquake tolerant cities, it is clear to secure the operation of the highway network after the
carthquake. However, strengthening all the facilities against the earthquakes that exceed the expected
level with constrained cost is not practical, Thus, it is vital to examine the alternatives of the network
planning and the retrofit strategies by considering the possible damage on the portions of the highway
network. Also, technologies to support post-carthquake response activities such as traffic control or

immediate temporary opening of roads improve the performance of the response activity system.

Network Management with Disaster
Information Systems for Highway Network

¥ | ¥
Risk assessment of : Expeditious
the network i damageé detection
|
¥ i
Strengthening” : Restoration
slrategy : strategy
i
i

Pre-earthquake Post-earthquake

Figure-4.1 Phases of Earthquake

For the pre-earthquake project assessment and planning, we must understand the functionality
of the highway network after the earthquake. Because some portions of the highway network may be
destroyed, some traffic must use detour, or some traffics will be affected the excess traffic volume. Such
effects hinder both the emergency activities such as emergency relief and fire fighting and the economic
activities. To resolve the problem; PWRI is conducting two major subjects: i.g., (a) a method to assess the

seismic performance of the highway network and (b) a system to assess the socioeconomic effect caused

by the earthquake.

Photo-4.2 Traffic Congestion Immediately after the Earthquake
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Figure-4.3 Effects of Damage on Highway Facilities

The Former subject deals with the assessment of short-term effect of highway network damage
which affects the emergency activities immediately after the earthquake. In this method, the scismic
performance index SP and the link irﬁpoﬂance indexes L1 are calculated. Given SP, planners examine the
performance of network after the earthquake by assuming the damage pattern of it, and they judge the

priority of damaged portion with L for the retrofit strategy.
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Figure-4.4 Application Image of the Network Scismic Performance Assessment

The later subject deals with the computer application which estimates the repercussion of
indirect economic damage in’ an target area. The system with the code name EASSE (Earthquake
Assessment System for SoCiGécOnomic Effectﬁ has map data, and the damage on production facilities and
on the highway network is mput by the user. Based on the database and the settings, EASSE estimates the

Iong term economic effect in money term by utlhzmo the traffic analysns and economic analysis. The user
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can examine the bottleneck of the network and the strategy of retrofit program by changing the damage

pattern.
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Figure-4.5 Application of EASSE

As for the R/D to support post- earthquake response actwntles, real-time damage estimation is
one of the most lmportant technologles Knong the fough estlmatlon of damage on hwhway facilities,
mvestlgatlon teams can optimize the routes and sites to be dlspatched PWRI has deVeIoped such system,
namely, SATURN (Selsmlc Assessment Tool for Urgent Response and Notification). SATURN uses the
seismic characteristic values such as the maxxmum ‘acceleration and the spectral intensity sent from over
800 online aceelerographs placed over Japan Based on the acqunred data, it calculates the ground motion

at each facility cite, estlmates the hquefactlon risk and the structure damage risk.

Real-time
Monitoring/.
Estimation |

Emergency 2
; -Resﬁonsé :

e .

Flgure -4, 6 Real tnme Damage Assessment
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Besides the technologies that directly. support the decision making regarding the highway
network, another approach from the different aspect than those stated -above.is being tried. The method
deals with the assessment of earthquake response activity system’s performance: PLUTO (Performance
Level Upgrading Technology for Organizations). In this method, the earthquake response activity system
is interpreted in the form of a network in which each activity is expressed as a “gate” with inputs and an
output. The damage information from each site investigated is executed and gathered to the gate where
the information is accumulated: A person who is in charge of planning the organization-and the system
can assess the speed (or performance) of the system to treat the information before the earthquake. By

changing the system network, he/she can improve the system’s performance.
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CONCLUSION

Since Hyogo-ken Nanbu Earthquake, design methods for facilities such as highway bridges
have been revised, and their seismic performance have been improved. On the contrary, constructing
perfectly safe structures against all the future earthquakes has been understood inefficient. The software
approaches including the pre-carthquake assessment/planning, ‘pbst-earthqhake risk ‘management and
information system have become a very important part in earthquake engineering field.

This paper introduced the element technologies that can be used to minimize the effect of
possible damage on highway network. Such technologies, especially those for the pre-earthquake
planning and assessment have been generally developed theoretncally and ‘most of them gives merely
qualitative results. To applythem ro practical situation, they ‘are required to be ‘improved to give
quantitative information. Also, those technologies can be located as the parts of the comprehensive
seismic information system (SIS): Besides such elemental technologies, the architecture and the design

method for the data, protocols and intérfaces of SIS will be required.
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ABSTRACT

To achieve an earthquake hazard reduction in the urban area, it is urgently required to
conduct seismic strengthening of civil infrastructure and buildings, and to promote an
appropriate urban planing and development. Based on recent major earthquake disasters,
these subjects are commonly important both in Japan and U.S.. Cooperative activities on
these subjects are, therefore, supposed to be essential. Highlights of this manuscript can be
summarized as follows;

1) Recent research activities and policies on civil infrastructure and buildings in order
to secure the seismic safety are introduced. Road facilities, river facilities, sewerage
facilities, dam facilities, erosion and sediment control (sabo) facilities and shore
protection facilities which are administrated by MOC are defined as civil
infrastructure. And general buildings and governmental buildings are defined as
buildings in this manuscript.

2) In addition to the structural countermeasures, recent . political -efforts on urban
planing and development for the earthquake hazard reduction is introduced.

3) Technical information exchanges and cooperative research activities that are
supposed to be effective between Japan and U.S. are proposed.

L. TOPIC DESCRIPTION AND POLICY ISSUES

In Japan and U.S,, civil infrastructure and buildings have suffered severe damage by recent
major earthquakes such as 1993 Kushiro-oki Earthquake, 1995 Hyogo-ken Nanbu
Earthquake, 1989 Loma Prieta Earthquake and 1994 Northridge Earthquake. Continuous
efforts for upgrading the scismic safety of infrastructure and buildings are commonly
important in both countries.

Among recent major earthquakes, 1994 Northridge Earthquake and 1995 Hyogo-ken Nanbu
Earthquake have occurred right under the urban area. Socio-economic activities in and
around the urban area have suffered significant damage due to the structural damage
developed on civil infrastructures and buildings. In addition to the structural
countermeasures for upgrading the seismic safety, therefore, urban planing and development
policies to reduce the earthquake vulnerability of the regions are urgently required in both
countries,

In Japan and U.S., technical and political efforts for upgrading the seismic safety of

structures and regions have been continuously conducted. Cooperative activities on
commonly important subjects in both countries are quite effective to promote these efforts

—175—



more expeditiously and economically.

Regarding the structural countermeasures on civil infrastructures and buildings, both
countries have much technical knowledge based on the past disaster experiences and
research activities. As the cooperative activities, therefore, technical information exchanges
and cooperative research programs on the following subjects are desirable.

1) Earthquake countermeasures on civil infrastructures
a) Evaluation of earthquake ground motion for seismic engineering
b) Seismic design procedures for civil infrastructure
¢) Seismic assessment and strengthening methods for civil infrastructure
d) Structural damage estimation and socio-economic loss estimation
2) Earthquake countermeasures on buildings
a) Steel frame buildings
b) Evaluation and rehabilitation of existing buildings
¢) Performance based design
3) Earthquake countermeasures of urban area (Controlling post-earthquake fire)

1. BACKGROUND
1. 1995 Hyogo-ken Nanbu Earthquake

The -highly developed urban area.in Japan have first suffered  significant earthquake effect
by the 1995 Hyogo-ken Nanbu Earthquake. The earthquake caused catastrophic damage on
infrastructureand buildings which are administrated by MOC. (refer Table-1), and pointed
out the vulnerability of an urban area where humanlives, industrial facilities- and major
socio-economic functions have been mtegrated Based on the dlsaster technical and
political lessons have been derived as follows; : : :

(1) -Casualties were mainly developed by the destruction of houses and buildings in
which enough seismic safety did not secured: Upgrading the seismic safety of
existing houses and buildings is therefore essential. - S

(2) In the. districts where wooden houses were densely placed, multiple fires were
developed following an earthquake. Large area was burnt due to the ‘spread of fires.
Urban planing and development considering multiple fires is therefore essential.

(3) Severe damage was developed on civil infrastructure. Because the socio-economic
activities of the urban area are highly supported by these structures, upgrading the
seismic safety of civil infrastructure is essential. Especially ‘the damage of road
facilities induces the loss of emergency activities for rescue, restoration and
- -transportation in the urban area. Construction of emergency transport: hlghway
‘network is therefore essential. | : SN ‘ : |

(4) Due to the lack of pre-earthquake countermeasures such as evacuatlon plannmg and,
disaster prevention base, isolated districts were developed. In these districts,

- evacuation of residents, emergency telief activities and restoration-activities: were in-
trouble. -And the risk of secondary disaster such as sedimentsrelated disasters were
also developed in these districts.- Pre-earthquaké countermeasures regarding.
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evacuation and disaster prevention base are therefore essential.

(5) Interruption of highway networks due to the structural damage on road facilities
such as bridges induced significant loss of socio~economic activities in and around
the damaged area. When the structural damage is developed on civil infrastructure
by an intense earthquake, minimizing the earthquake effects due to the structural
damage is therefore essential.

(6) Severe damage was developed on lifeline facilities such as electricity, gas and
water. Because the socio-economic activities and the livelihood of the urban area is
highly supported by lifeline facilities, upgrading the seismic safety of lifeline
facilities is essential.

Based on these technical and political issues, it is urgently required to conduct structural
countermeasures on civil infrastructures and buildings for upgrading the seismic safety. And
it is also required to promote urban planing and development policies for the earthquake
hazard reduction.

2. Earthquake hazard reduction program in MOC

Immediately after the 1995 Hyogo-ken Nanbu Earthquake, MOC established seismic safety
commissions for each infrastructure (road, river, sewerage, dam, erosion and sediment
control, and shore protection facilities) and buildings (general buildings and governmental
buildings). Damage causes were studied based on damage investigations and analyses, and
technical and political issues which should be studied hereinafter were pointed out by these

commissions.

As an accomplishment of the academic activities following the earthquake, proposals on the
seismic design procedures for civil infrastructure and buildings were summarized by Japan
Society of Civil Engineers and Architectural Institute of Japan. Fundamental policies of
technical and political activities for the earthquake hazard reduction were also pointed out

in these proposals.

Based on the knowledge derived from above mentioned activities, MOC is intentionally
promoting the revision of seismic design standards, seismic assessment and seismic
strengthening for upgrading the seismic safety of civil infrastructure and buildings. Table-2
shows the revised seismic design standards after the earthquake. Revised seismic design
staridards and seismic assessment/ strengthening alternatively will secure seismic safety of
newly constructed and existing facilities.

From the technical and economical points of view, on the other hand, securing seismic
safety of facilities against incredible large-scale earthquake is difficult. Supposing the
structural damage on facilities against such a large-scale earthquake, minimizing the
sosio-e¢onomic loss in and around the urban area will be more important. MOC has
developed a "Comptehensive Earthquake Hazards Reduction Program for the Urban Area"
in 1995 and is promoting urban planning/ development based on the following fundamental

policies.
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(1) Comprehensive and intentional promotion of urban planning/ development

Considering the earthquake effects into the "Master Plan of urban planning/
development", earthquake countermeasures should be conducted comprehensively and

intentionally.
(2) Construction of frame structures with high seismic safety

Districts with high seismic risks, i.e. wooden houses are densely placed, should be
disappeared. And construction of frame structures that are required for emergency
activities and earthquake hazard mitigation should be promoted. As the frame
structures, intelligent districts where medical/ welfare/ administrative/ storage facilities
are accumulated, and fire protection zone which is fabricated by road/ river/ park/ green

belt/ fire-resistant building should be considered.

For the earthquake hazard reduction of regions where houses and buildings are densely
placed, comprehensive re-development based on the "Master Plan" is important.
Re-construction of fire protection buildings and construction of infrastructures such as
roads and parks in combination with the fire protection buildings should be also
promoted based on the newly established "Act for Densely Built-up Areas Improvement

for Disaster Mitigation".
(3) Construction of civil infrastructure for the regional hazard reduction

For the emergency activities such as fire service/ evacuation/ transportation, emergency
transport highway networks, evacuation road networks and public spaces should be
constructed. Common buildings for government offices should be constructed as

disaster prevention bases.
(4) Securing seismic safety of lifelines

Foe securing lifeline functions, construction of common utility ducts and compact cable
boxes which receive electric cables/ gas pipes/ water pipes/ telephone cables should be
promoted. Facilities that utilize the river water and purified sewage water to the fire
fighting . and evacuating activities should be constructed. Also, emergency

- communication networks among administrative agencies, highway users and residents

I .

should be constructed.

(5) Construction of wide-area highway networks

Interruption of the fundamentalhighwéy's induéés a _nationw{idve, sodio-ecohmic loss. For

minimizing this effect, construction of ‘wide-area highway networks should be
promoted. Redundancy - of the hlghway networks should be secured by preparmg

substitution roots,

PROPOSAL
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Civil infrastructure and buildings have suffered severe damage by recent major earthquakes
also in U.S.. Continuous efforts for upgrading the seismic safety of civil infrastructure and
buidings are commonly important in Japan and U.S..

Among recent major earthquakes, 1989 Loma Prieta Earthquake and 1994 Northridge
Earthquake induced significant loss of socio-economic activities in the urban area. In
addition to the structural countermeasures for upgrading the seismic safety, therefore, urban
planning/ development policies to reduce the vulnerability of urban area are urgently
required in both countries,

Regarding the structural countermeasures on civil infrastructure and buildings, both
countries have much technical knowledge based on the past earthquake disaster experiences
and research activities. Technical information exchanges and cooperative research programs
on the following subjects are quite effective to promote earthquake hazards reduction in
both countries more expeditiously and economically.

1.Earthquake countermeasures on civil infrastructure
(1) Earthquake ground motion for seismic engineering

The seismic design force is one of the fundamental comditions for the seismic design of
civil infrastructure. The seismic design force, which was for the first time implemented
into several regulations based on the catastrophic disaster caused by 1923 Kanto
Earthquake, has been revised many times based on research results of the seismic
engineering -and damage investigations caused by past earthquakes. Research activities
on the appropriate seismic design force are now carrying on based on the newly
detected acknowledges from the 1995 Hyogo-ken Nanbu Earthquake, i.e. a) maximum
acceleration is much bigger than that of past earthquakes, b) response spectra is much
bigger through wide frequency band, c¢) number of waves is smaller than that of past
earthquakes, d) due to the non-linearity of ground, ground motion amplification on the
soft soil deposit is smaller than that of the past earthquakes.

As described above, the seismic design force for seismic design of civil infrastructure
has been modified. It should be emphasized, however, that further improvement is
required and that for that purpose research based on not only civil engineering but
various fields including seéismology, earth science and geology is-essential, such as the
estimation of the ground motion using the fault model, and the seismic hazard analysis
based on the geological information of active faults.

(2) Seismic design procedures for civil infrastructure
1) Seismic design of highway bn'd‘ges

Some highway bridges suffered serious damage‘ by the 1995 Hyogo—ken Nanbu
Earthquake. Many reinforced concrete columns suffered damage in shear at the
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terminated points of main reinforcement at the mid-height. Local buckling of web
and flange: plates progressed to result i in tupture of weldmg at corners in rectangular

steel columns,

The seismic safety commission established by MOC immediately after the
earthquake analyzed the failure mechanisms and causes. The seismic design
specifications for highway bridges were revised in November 1996, Although newly
detected acknowledges based on these analyses were introduced in the revised
specification, further improvement for upgrading the seismic design procedure: is
required. Research subjects to be studied are a) evaluation method of dynamic
strength and ductility for structure members, b) application of dynamic analysis
method, ¢) bearing systems required for securing dynamic strength and deformation
abilities of whole bridge, d) design method of falling-off prevention devices
considering impact forces, e) re-evaluation of seat length, f)' evaluation of
liquefaction and lateral spreading effects on whole bridge, g) evaluation of seismic
safety of whole bridge.

To conduct these researches efﬂcrency, collaboranve research activities are
supposed to be effective. -

2) Seismic design of dam structures

On the dams, major damage which spoils the seismic safety of structures - was -not
found in the 1995 Hyogo-ken Nanbu'Earthquake. Considering the severe damage
on the other civil infrastructure, however; the seismic safety commission established
by MOC studied the seismic safety of existing dam structures. In‘the commission, it
was pomted out that dam structures designed by the present procedure have enough
seismic safety. : ,

Although major damage ' has never been  developed, seismic effects should ‘be
considered appropriately in the investigation, design ‘and construction: of -dam
structures because dams are Jarge-scale and important structures in which huge
volume of water is stored.. Continuous eﬁ‘orts to - upgrade the seismic design
procedure are therefore essentral I

To - conduct ‘these researches eﬁ'mency, collaboratrVe research actrvmes are
supposed to be effective. ' : -

3) Application of innovative technologies

As innovative technologies  for reducing the structural response during an
earthquake, a seismic isolation system, an:active control system and:hybrid ‘control
system have been developed.

© Further:‘research “activities ori''the “intelligent seismic structurés ubing innovative

intelligent materials such as self-diagnosis-materials and self-repairable materials are
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required. Development of these technologies enables the damage detection and
damage restoration to be carried out easily and quickly immediately after an
earthquake.

To conduct these researches efficiency, collaborative research activities are
supposed to be effective.

(3) Seismic assessment and strengthening methods for civil infrastructure
1) Seismic assessment and strengthening of civil infrastructure

For enhancing the flexural strength and ductility of reinforced concrete columns, a
reinforced concrete jacketing and a steel jacketing are effective. Research efforts
have been conducted on evaluating the flexural strength and ductility of retrofitted
columns through loading tests.

For steel columns, a corner strengthening, additional rib-welding and infill-concrete
casting have been examined.

To conduct these researches efficiency, collaborative research activities are
supposed to be effective.

2) Seismic assessment and strengthening of earth structures

As a secondary disaster caused by the structural damage on earth dams and
riverbanks, flooding in wide area due to the overtopping of water could be
developed. Overtopping of water would occur when the settlement is larger than the
freeboard. For reducing the disaster risk, it is therefore required to develop a
practical estimation method of structural settlement.

The seismic assessment and strengthening of riverbanks, which has been recently
- initiated in Japan, has already been promoted in U.S. for these twenty years. To
“conduct. these works efficiency and economically, collaborative research activities

are effective..
3) Seismic strengthening of underground pipelines against liquefaction

Disaster caused by the 1995 Hyogo-ken Nanbu Earthquake lead public works
related organization to increase the seismic performance level of most infrastructure.

| However damage mechanisms, assessment and . strengthening techniques for
underground pipelines have been studied supposing moderate earthquakes, much
remains to be studied against more intense earthquakes.

- Public - sectors’ . commiitment “to improve - seismic performance of underground

- .pipclines-;;strongly-.,;dc;pendsﬁ.‘ on . the .development of practical/ . gconomical
techndlogies required to - implement. Government . organizations should conduct
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research efforts on identifying pipeline categories that require strengthening,
providing assessment/ strengthening technologies against liquefaction, and providing
cost-performance/ feasibility evaluation technology.

(4) Structural damage estimation and socio-economic loss estimation
1) Structural damage estimation of civil infrastructure

For conducting emergency activities immediately after an earthquake, disaster
information systems using innovative information processing/ transmitting
technologies. Especially for supporting the decision-making on the emergency
damage  detection and damage restoration, development of practical damage
estimation system is required. Damage estimation system will enable to evaluate the
outline of structural damage on highways and earth structures in a short time using
structural database and ground motion data transmitted immediately after an

earthquake.

To conduct these researches efficiency, collaborative research activities are
supposed to be effective.

2) Socio-economic loss estimation

Structural damage on civil infrastructure ‘induces the socio-economic loss in and
around the damaged area. For conducting the comprehensive risk management of
civil infrastructure, socio-economic loss estimation should be considered.

Especially for supporting the emergency activities, construction of emergency
transport networks that connect government offices, hospitals, evacuation bases and
transportation bases each other. Research efforts on the seismic assessment of

emergency transport networks are therefore essential.

Interruption of emergency transport network induces the loss of industrial activities
in a long term after the earthquake. For minimizing the effects, in addition to the
strengthening of highway structures, research efforts on the loss estimation
methodologies are required.

To conduct these researches efﬁcxency, collaborative research activities are
suppOsed to be eﬁ‘ectlve '

2. Earthquake”cpunter'rneasures on buildings ‘
(1) Steel frame buildings
JapaniUS Joint Workshops on Steel Fracture Issues were held in SanFrancisco in June

1996 and in February 1997.In those ‘workshops, dévelopment’ of cooperative: program
for coordinating ’e’ffdrts‘?related“tcs"folldwinguthr'ee ‘itgms' were -confirmed.” And some
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parts of these plans are going to be given shapes.

1) Investigation on the effects of steel propemes and weldmg on the plastic deformation

2) Investigation on theme structure designing

3) Investigation on fabrication methods, welding procedures, inspection technology,
qualification systems and cost performance.

(2) Evaluation and rehébilitation of existing buildings

When increasing seismic ability for existing buildings, it is necessary to consider
inhabitants and their mental and physical life because of huge amount of object
buildings. And also, development of new material and construction method may be
required, because seismic ability of building based on new code quite differ from old
one.

Required technologies are classified as follows;

1) Increase strength and/or ductility by replacement and addition of seismic members
2) Isolation and vibration control with devices

3) Reinforcement of foundation and decrement of large interaction

4) Condominium construction

Collaborative research activities are effective on the following subjects.

1) Effect of improvement in case of leaving existing finishes

2) Development of construction method and performance evaluation

3) Evaluation of total seismic ability of building using both static and dynamxc analysis
4) Making quality code and construction guidelines

(3) Performance based design

1) Concepts of performance based design

Common: concepts' on -the performance based desigri should be studied between Japan
and U.S.. Based on the concepts, communize of the - fundamental = framework of
“structural design systems should be studied.. ‘

2) Evaluation method of performance

Evaluatlon method of perfonnance leVel on the structures that demgned by the
performance based design method should be studied. Structural response characteristics
against supposed input ground motion should be studied by the seismic _response
analyses and loading tests. Information exchange and COOpel‘atIVe research activities are
required on the evaluation method of performance. : ~

- 3) Social systems supporting for performance based design - -

In addition to the development of pe‘rfdnnande based design systems, re-construction of
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social systems for supporting design works are essential. Official evaluation of
performance, upgrading the capability of designers, qualification provision to designers,
and presentation of the performance to owners should be considered as social systems.
Information exchange and discussion on these subjects are supposed to be effective for
promoting social systems in both countries.

3. Earthquake countermeasures of urban area (Controlling post-earthquake fire)

Japan has significant losses form fires following earthquakes in Tokyo 1923 and Kobe
1995. U.S. suffered similar losses in San Francisco in 1906 and recently form urban fires
occurred in dry climate areas such as San Francisco and Los Angeles. Recent experiences
in Japan and U.S. have shown that earthquake induced damages and multiple fires over
large areas can overwhelm fire safety and response systems. It is important for Japan and
the U.S. to develop advanced practices and technologies for preventing multiple fires to

become large urban fires.

This research will develop post-earthquake fire spread models for preventing multiple fires
to become large urban fires, improved methods for estimating fires losses, advanced
technology for urban land use and building control to mxtlgate losses from fires following

earthquakes.

Collaborative research activities are effective on the following subjects.

1) Development of a post-earthquake fire spread model

2) Methodologies for estimating potential loss by post-earthquake fire

3) Building and urban planning for mitigation of post-earthquake fire losses

IV. COOPERATIVE MECHANISMS

1) Cooperative research activities on the disaster prevention technologies for civil
infrastructure and buildings have been conducted under the auspices of the U.S.:Japan
Joint Panel on Wind and Seismic. Effects and U.S.-Japan Joint Panel on Fire Prevention
respectively. ‘And cooperative research activities on the related subjects proposed in this
manuscript have been initiated under the auspices of the U.S.-Japah Earthquake Disaster
Mitigation Partnership. Research activities ‘proposed in this manuscript can be addressed
by collaborative efforts of existing mechanisms.

2) Enhanced implementation of cooperative research prOJects and personnel exchange based
on pubhc pohcres will strengthen these collaboratlons S Ch :
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Table-1 Damage caused by the 1995 Hyogo-ken Nanbu Earthquake

~ |Date January 17, 1995, 5:46
Outline {Epicenter Awajishima Island
Depth 16km ,
Seismic intensity |7 (estimated): Part of Kobe, Ashiya, Nishinomiya, Takarazuka,
(IMA) Awajishima
6: Kobe, Sumoto
5: Kyoto, Hikone
Casualties Death: 6, 308
General Missing: 2
damages Injuries: 43, 177
Buildings Housing: 436, 416 (Totally collapsed: 100, 302)
Public buildings: 760
General buildings: 3, 952
Fires Number of fires: 294
Road facilities 554 sites (on the road under the jurisdiction of nation)
Structural 449 sites(on the road undér the jurisdiction of public corporations)
damages 2, 589 sites (on the road under the jurisdiction of prefectures and
(related municipalities)
to MOC) [River facilities 32 sites on 4 rivers in 3 water systems (under the jurisdiction of
nation: bank subsidence, cracks and so on)
2, 589sites(under the jurisdiction of prefectures and municipalities)
Dam facilities 1 site (under the jurisdiction of nation: deformation of the gate of
Kakogawa dam)
Shore protection |4 sites on 1 coast (under the jurisdiction of nation: bank
facilities subsidence, cracks and so on)
: 9 “sités (under the jurisdiction of prefectures)
Sediment control |10 sites (under the jurisdiction of nation, crack etc)
facilities 23 sites (under the jurisdiction of prefectures)
Landslides 1 site (under the jurisdiction of prefecture)
Slope failure 7 sites (under the jurisdiction of prefectures)
Sewage facilities |1, 050 sites
Public spaces 428 sites (under the jurisdiction of prefectures and cities)
Urban streets 46 sites (under the jurisdiction of prefectures and cities)
Government 51 buildings :
offices .
Public housing, (2, 333 houses in 34 areas (in Kobe City and other 3 cities and
Corporation towns)
apartments
General water Suspension of water supply: 1.3 mllllon heuses (immediately
Lifeline }supply systems |after the earthquake)
damages |Industrial water |Suspension of water supply: 250 compames (immediately after the

earthquake)

supply systems

Cutting off of the electric power: 2. 6 mllllon houses (mmediately

Electricity
after the earthquake)

Gas | Suspenision of supply: 860 thousands houses (unmedlately after
the earthquake) =~

Telephone More than 300 thousands lines influenced

Railways Interrupted section: 219km on bullet train, - 123km on JR local

line, 296km on private enterprise line (which were not restored
on the day)

Harbor facilities

Serious damage: Port Island area, Rokko Island area in Kobe Bay

{Subsidence and crack of wharf and road: Osaka Bay
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Table-2 State of revisions of the seismic design codes for structures after the Hyogoken- nanbu earthquake

September 1997
Ministry of Construction

State of the arts.

Facilities (Date)

Contents

Revised a) Government buildings (Oct. 1996) Upgrading level of seismic performance

b) Sewage facilities (Aug. 1997) Consideration of larger input ground motion
Countermeasures to liquefaction
Increasing redundancy and structuring
facility’s network

¢) Riverbanks (May. 1997) Considering seismic forces newly

(For where the second disasters are expected) Countermeasures to liquefaction

d) Highway bridges (Nov. 1996) Consideration of larger input ground motion
Revising structural detailed design code
(for fail safe equipment)

e) General buildings (Dec. 1995) Revising structural detailed design code (for
pillars in the steel frame structure and pilotis
style)

Under Revising a) Retaining walls of housing lots (Autumn 1997) Considering seismic forces newly
Others a) Shore protection facilities i Check of seismic performance based on a

manual

b) Dam facilities.

c¢) Sediment control facilities

d) Landslide

No revising (because their code were judged
appropriate)
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Development of Real-time Earthquake Damage Estimation System for Road Facilitics

7l N I
Hideki SUGITA and Tadashi HAMADA
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Earthquake damage on road facilities does not only reduce their functions but affects the socio-
cconomic activitics in and around the damaged arca, Thercfore, besides improving seismic performance of
road facilities, post-carthquake emergency responses to reduce the damage effects must be jointly promoted.

This paper presents a Real-time Earthquake Damage Estimation System for Road Facilities which is
under development at Public Works Rescarch Institute, Ministry of Construction. By providing rough
estimation on damage states and damage distributions in a short time, the system will support decision-

makers to facilitate emergency responses immediately after an earthquake.
Key Words: Real-time Information System, Damage Estimation, Emergency Activities, Highway Bridge,

and Ground Liquefaction
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