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Lessons from the Hanshin-Awaji Great Earthquake Disaster
—The Report of the Research Committee on the Hanshin-Awaji Great Earthquake Disaster—
The Kansai Chapter of Japan Society of Civil Engineers

ABSTRACT

The Hyogo-ken Nanbu Earthquake which occurred on the 17th of January 1995 caused signifi-
cant damages of civil engineering structures and urban disasters in Hanshin and Awaji areas in
Japan. The Kansai Chapter of Japan Society of Civil Engineers established the Research Commit-
tee immediately after the earthquake. Total number of the Research Committee members is 250
and the committee consists of 8 Sub-committees chaired by following professors.

Chairman Professor Kenzo Toki (Kyoto University)
Vice Chairman Professor Tamotsu Matsui (Osaka University)
Secretary General Professor Hirokazu Iemura (Kyoto University)
Sub-Committee 1 for Seismic Activities

Chairman Professor Kazuo Oike (Kyoto Univeresity)
Sub-Committee 2 for Soil and Foundation

Chairman Professor Tamotsu Matsui (Osaka University)
Sub-Committee 3 for Steel Structures

Chairman Professor Yuhshi Fukumoto (Fukuyama University)
Sub-Committee 4 for Concrete Structures

Chairman Professor Manabu Fujii (Kyoto University) until Sept. '97

Professor Kouichi Ono (Kyoto University) from Oct. '97
Sub-Committee 5 for Underground Structures

Chairman Professor Shunsuke Sakurai (Kobe University)
Sub-Committee 6 for Lifelines

Chairman Professor Hiroyuki Kameda (Kyoto University)
Sub-Committee 7 for Emergency Response

Chairman Professor Haruo Hayashi (Kyoto University)
Sub-Committee 8 for Reconstruction and Restoration

Chairman Professor Katsuhiko Kuroda (Kobe University)

The summaries of the reports from the 8 sub-committees are shown below. It is author’s strong
hope that serious lessons learnt from the Earthquake Disaster would gives us invaluable benefits
to improve seismic safety of urban areas against future strong earthquakes.

Part 1 Seismological Characteristics of the 1995 Hyogo-ken Nanbu Earthquake

Seismicity in and around the epicentral region is described based on the newly edited data base
of historical earthquakes and seismological data by Japan Meteorological Agency. Seismic active
period of intraplate earthquakes along active faults in the Inner Zone of southwestern part of
Honshu island, Japan begins about 50 yesrs before the interplate earthquakes along the plate
boundary of Philippine Sea plate.

A clear surface fault system appeared along the pre-existed Nojima fault in the northwestern
part of Awaji island. This system has been studied to clarify the recurrence interval, slip rate, slip



amount per one event, slip distribution along the fault, type of faulting etc , based on many methods
such as photo- and map-interpretation, field obverbation, and trench excavations. The cumulative
displacement and subsurface structure of the Nojima fault system are also surveyed by the deep
drillings of all-core type and seisimic reflection studies.

The fault plane of the Hyogo-ken Nanbu Earthquake, which is almost vertical, strikes in the
NE-SW direction. The rupture initiated at the depth of about 16 km beneath the Akashi strait, and
it propagated bilaterally on the fault, toward Awaji-shima and Kobe. The total duration of rupture
is about 12 s. The area with slips is shallower than 20 km, and the length of the area is 40-50 km.
The amount of slip is heterogeneous on the fault. The peak slip of about 3 m occurred at the
shallow part beneath the Nojima fault. The secondarily significant slip occurred beneath Kobe,
which is dominant at deep depths. This precise picture of the source process was carefully
determined by many researchers using different methods and datasets. Nevertheless, the broad
picture can be obtained even in the analysis that can be automatized, which was shown for the
Hyogo-ken Nanbu Earthquake using the recordings from the strong-motion instruments. This
implies that for a large earthquake in the future a picture of the source process can be obtained
in an automatic and rapid system quickly after the occurrence by connecting with quick data
collection from strong-motion instruments.

Three-dimensional geometry of the faulting process of the 1995 Hyogo-ken Nanbu Earthquake
is estimated from the strong-motion waveforms and static displacement data observed at near
distances. The space that covers the aftershock area is divided into small blocks with a size of
4x5x2 km. The time resolution is assumed to be 1 sec in the source time function. A linear inversion
is used to know the space-time image of the fault geometry and moment release. The fault in the
Awaji Island dips to SE but the fault in the city of Kobe dips to NW. Major moment release
concentrates in the NE part of the Awaji Island at depths of about 5 km. The discontinuities of
faults show up in both Awaji and Kobe.

The 1995 Hyogo-ken Nanbu Earthquake struck Kobe City and its surrounding, heavily populated
areas, the Hanshin district, Japan, killing more than 6,400 people and destroyed more than 150,000
buildings. Such heavy damage was caused by strong ground motions. This study reports why such
destructive motions were generated to buildings and bridges. Two problems are discussed: where
are the causative faults that generated the destructive ground motions? and why are the heavily
damaged zones in Kobe not consistent with the surface fault traces associated with the buried
faults? The near-fault ground motion in Kobe was characterized by two large long-period (1 to 2
seconds) pulses caused by forward rupture directivity. We confirmed that at heavily damaged sites
such large long-period pulses were further amplified due to the basin edge effects from the 3-D
simulation by the finite difference method.

Part 2 Investigation Report on Seismic Damages of Geotechnical Engineering Structures

This report describes the investigation studies made by the Sub-committee for Geotechnical
Investigation on the seismic damages of various geotechnical structures due to 1995 Hyogo-ken
Nanbu Earthquake. The main objective of this study was to examine the relationship between the
geotechnical condition and the seismic damages of structures that are distributed over a wide area
of Hanshin District. In Chapter 3 to Chapter 7 of this report, the seismic damages related to
geotechnical engineering problems are described and the causes of damages were investigated by
dividing the structural damages into 9 categories (i.e., slope instability, damages of residential



housings, near-shore reclaimed lands, river embankments, harbor quay walls, road and railway
embankments, underground pipes and conduits, water retaining earth fills, and foundation struc-
tures). The recovery schemes from damage were also described. Discussions on the cause of
damage are made by shedding the light on the problems of ground liquefaction and also on the
relationship between the degree of damage and the intensity of seismic motion.

Part 3 Damage of Steel Structures, Restoration, Retrofit and Design Methods

Established in the Sub-committee of Steel Structures chaired by Professor Y. Fukumoto and
consisting of 36 members were five Working Groups for the survey and investigation on evaluation
of seismic performance, strengthening methods, assessment of damage, causes of damage, and
seismic design. Damage to steel highway bridges due to the Hyogo-ken Nanbu Earthquake, causes
of the damage, and seismic design methods for steel bridge structures are intensively investigated
in the work of this subcommittee.

Main conclusions in the subcommittee are as follows:
(1) Serious damage to bridge superstructures was subsequently caused by bearing and pier
failures. Rational seismic design methods for bridge bearings and piers are necessary in the future.
(2) Methods for repair and strengthening of the damaged members in steel bridges are surveyed
and summarized. Criteria to select suitable repair and strengthening methods, evaluation methods
for repaired and strengthened members, and residual lifetime of repaired structures should be
investigated.
(3) Causes of damage to structural members in urban elevated bridges due to the earthquake are
assessed, and the relationship between the seismic behavior of bridges as a structural system and
the damage to each structural member is investigated through practical examples. Systematical
evaluation of the seismic performance of bridges as a structural system is an important subject to
be investigated.
(4) Causes of damage of long, large and special bridges are investigated through numerical
simulation of practical examples. Damage of paint due to the cyclic loading of plastic strain and
occurrence of brittle cracks at the locations of stress concentration are also investigated.
(5) Points on seismic design to be learned through damage due to the earthquake, and the
state-of-the-art of seismic design methods after the earthquake and strengthening method of the
existing structures are investigated and summarized. It is necessary to investigate seismic design
methods for steel structures as a structural system.

Part 4 Damage of Concrete Structures, Restoration, Retrofit and Design Methods

The sub-committee for concrete structures consists over 50 aggressive researches and engineers
and have studied the damaged concrete structures, particularly viaducts of Hanshin expressway
and Shinkansen. They are divided into 3 task groups.

In TG 1, data collections such as the completed year, types of columns and foundations, size of
the cross-section, level of damage have been done for each pier. The level of damage is judged by
the engineers of the sub-committee, mainly by looking at the damaged structure directly. Data of
over 1,300 piers are collected. They are databased including the picture of each damaged structure.
They are expected to be utilized in the future study. Various structural models to analyze the
seismic response of bridge piers have been discussed. Although 3-dimensional models to represent
a whole viaduct should be employed, the study has been done using a partial model of a viaduct.



The study includes non-linear analysis of a 3-span continuous viaduct including the effect of the
bearing shoes, evaluation of shear capacity of columns and upwards impact effects to a pier. These
analyzed results are compared with the corresponding damages in the actual viaduct. Damages of
viaducts are also expressed by probability estimates.

In TG 2, for the purpose of improving present seismic design, a survey of various seismic design
standards including those from abroad is performed to improve the present seismic design method.
The difference among these standards is clarified by trial design of a representative pier using
these standards. The concept of ductility is also discussed, in relation to the design of piers of the
railway and highway. Furthermore, relation between the fracture mode of a pier and the material’
s strength, shear strength capacity of the concrete and the displacement by shear is discussed.
These discussions are expected to develop more rational seismic design of reinforced concrete
bridge piers.

In TG3, evaluation of the damage and the repair method corresponding to the damage are
discussed. Occurrence of various types and levels of damage in piers is pointed out although they
are designed and constructed in the same way. Magnitude of the tremor and characteristics of the
ground are mainly responsible for the difference. “Guideline of repair and restorations of damaged
concrete structures” is proposed.

Part 5 Underground Structures are Safe for Earthquake!?

In general, the damage of underground structures due to the 1995 Hyogo-ken Nanbu Earthquake
was very slight compared to extensive damage to surface facilities. It can be stated that under-
ground structures are generally considered relatively safe from seismically induced damage.

It was a shock to civil engineers, however, a failure of a cut-and-cover underground metro
station did occur. It is the first instance of severe damage to a modern tunnel for reasons other than
fault displacement or instability near the portal. The most prominent damage concentrated at the
center reinforced concrete columns of the stations and running tunnels. A detailed reconnaissance
survey was conducted at the Daikai subway station.

The sub-committee for underground structures has investigated the reason why the metro
stations failed and how the seismically-induced damage would be predicted, minimized and even
avoided. The detailed data of damaged and not damaged underground structures were collected
and analyzed carefully. All the earthquake resistance designs for underground structures were
reviewed and evaluated against the level of Hyogo-ken Nanbu Earthquake.

We now have confidence that if the appropriate methods of analysis and design are provided,
much of the observed phenomena and effects could have been predicted with currently available
methodologies.

Moreover, the lessons learned from this earthquake should be utilized effectively in developing
successful earthquake hazard reductional strategies to minimize the extent of avoidable damage
in future earthquakes, at least in the seismically active regions.

Part 6 What the Major Earthquake Taught about Lifelines.

The Hanshin-Awaji Earthquake caused extensive damage to infrastructure lifelines, and had a
significant influence on emergency systems immediately after occurrence of the earthquake and on
both civic life and industrial activities after the earthquake. As the urban infrastructure becomes
more and more complicated, urban activities depend more and more on lifeline systems. Lifeline



earthquake engineering has evolved significantly in the past 20 years under these circumstances,
and unique measures against earthquake disasters have been developed by suitably combining i)
enhancement of anti-earthquake capabilities of individual facilities, ii) building of redundant
networks, iii) protection by automatic control means in emergencies, and iv) recovery strategies
after occurrence of disasters. The performance of such measures was tested by the Hyogo-ken
Nanbu Earthquake.

The Lifeline Sub-committee, led by the respective suppliers and researchers from universities,
has been studying lifeline facilities of supply/treatment systems (electricity, water supply and -
sewerage, and gas), communications systems (telephone and data communications), and traffic
systems (railway and road) with the goals of thoroughly validating damages and of learning every
possible lesson for the future. The subjects of subcommittee study can be roughly divided into the
following three categories:

1. Behaviors of lifelines in the earthquake, and problems during recovery from the disaster;

2. Propagation of damage between the lifeline systems (cascade effect), and their correlations;
and

3. Impact of functional failure of lifelines on the lives and social activities of consumers.

The first topic covers not only the actual state of damages, but also summarizes the measures
against earthquakes that each provider has been taking (or will be taking) under the long-range
view following its experience in the earthquake. Under the second topic, the disaster is analyzed
from various aspects by researchers and engineers participating in the subcommittee. They
summarize proposals for seismic diagnosis methods and study the impact resulting from propaga-
tion of disasters based on disaster data for water supply facilities, and also propose future
measures against earthquakes for road facilities. Although correlations between lifelines have
been pointed out for analysis even before the earthquake, there is a high possibility that specific
data obtained from the Earthquake can be analyzed for future measures against earthquakes. In
addition, further studies are expected to report on analysis of economic impacts from lifeline
disasters and on suitable investments for measures against earthquakes. For the third topic, the
subcommittee endeavored to clarify actual impacts on life by surveying members of the Kansai
Branch of JSCE. The results should be particularly interesting because the impacts on the civic life
from non-operation of lifelines are to be quantitatively summarized.

Part 7 Activities and Findings of Emergency Response Sub-committee

It was our basic mission to study and describe scientifically what happened in the impacted area
for the first 100 days following the disastrous event of January 17 of 1995, which was the beginning
of the Great Hanshin-Awaji Earthquake Disaster. This was the first major urban earthquake
disaster since the Great Kanto Earthquake of 1923. The damages were so overwhelming in terms
of its volume and its complexity that made us to critically review the earthquake disaster
management system operated in Japan. Because of a severe lessons learned from the 1923 disaster,
Japanese disaster management system has put strong emphasis on the promotion of structural
mitigation measures. The 1995 disaster revealed that our mitigation level was not so high as we
expected. It also revealed that our preparedness for crisis management in case of mass disaster
proved to be insufficient and not well-trained. We now need to be more well prepared for large
scale urban earthquake disasters which exceed our earthquake disaster mitigation level. We
believed that a good preparation would be a result of good scientific description of what really



happened at the time of disaster from the perspective of those who went though this disaster as
either victims or disaster managers. Our team was started with a total of 26 members and ended
with a total of 39 members. Our research team held 20 research meetings for three years, discussing
many issues from the responses taken by Kobe Fire Department, Japanese Red Cross, and
Self-Defense Force, the activities taken by the medical examiners association and various medical
associations, to the responses taken by utilities such as NTT, Kansai Electric, and Osaka Gas. We
also discussed various social impacts such as traffic congestion, voluntary involvement by outside
helpers, business resumption, mental health care, and ethnography of how the local residents
responded to the disaster. In addition, we study the policies taken and policy making processes by
Hyogo prefectural government in such field as housing, employment, small business, and social
welfare. The following was our two most important lessons from this tragic disaster in terms of
post-disaster crisis management.

(1) Post-disaster crisis management consists of three independent tasks from the first day of
disaster:

New and undesirable reality has been created in the impacted area due to this disaster. Reality
itself has been changing rapidly. At the same time the full recovery of the impacted area will take
more than ten years according to the restoration plans revealed by Hyogo prefecture and Kobe city
six months after the earthquake. Thus, it is important to notice that social behavior reacting to the
disaster would be different depending on the time frame upon which the observation was made as
to what happened to the impacted community and the people in that area. Therefore, we would like
to introduce the idea that post-disaster crisis management consists of the following three different
tasks whose goals are independent with each other, and which would become apparent at different
time phases during the disaster management processes. These three tasks are interconnected with
each other at both individual-family level and community level. 1. Relief: Restoring social flow
system (which may be symbolized by lifeline system) impaired by the disaster, and mass care
during that period. 2. Response: Protection of human lives, provision of safety for the community,
and prevention of secondary disasters. 3. Reconstruction: Reconstruction of both community as
well as people in order to adapt to new reality created by the disaster.

(2) Disaster management is a decision-making process:

At the performance, these three tasks of post-disaster management, it looks apparent that there are
different time phase in the order of response, relief, then reconstruction. As the operation, all of
these tasks should be started right after the occurrence of disasters with three different teams
working independently. Every once a while, it may result in conflicts among three working groups
as to the priority of the operations. It would be the commander of the post-disaster crisis
management operation to decide which operations should be prioritized taking into account the
logistics both in terms of intelligence they acquired as well as the resources they could mobilize.

Part 8 Reconstruction and Restoration Process of Cities

The Hyogo-ken Nanbu Earthquake showed us various features of damages and socio-economic
phenomena which was never experienced in the past as a near-field earthquake. The sub-
committee for reconstruction and restoration process of cities focused on the following topics:
(1) transportation and traffic
(2) restoration process of houses and buildings and citizens’ life
(3) information and communication



(4) socio-economic systems activities
In the topic (1), the functional damage features of transportation facilities and their restoration
process were surveyed, and planning and countermeasures for strengthening the transportation
systems were discussed. These include the following detailed researches:
(a) damage of roads and traffics immediately after the earthquake,
(b) private car usage and traffic accidents after the earthquake
(¢) traffic control and regulation after the earthquake
(d) inter-urban transport of rescue and relief commodities after the earthquake and the rerated
issues
(e) public transport and its alternatives
(f) role of marine transportation
(g) role of air transportation
In the topic (2), focusing on the restoration process of citizens’ life, housing and transportation were
surveyed and the related issues were discussed. These include the following researches;
(a) damage statistics of houses and buildings in Kobe
(b) blocked roads and inter-urban traffic
(c) refugee shelter and temporary housings and the related issues
(d) life of aged people and handicapped people after earthquake
In the topic (3), emergency communication and information for citizens were surveyed and the
related issues were discussed. These include the following researches;
(a) telephone usage after the earthquake and related issues
(b) information supplied by newspapers, televisions and the Internet systems and related issues
In the topic (4), damage of industries and their restoration process were surveyed. These include
the following researches;
(a) economic damage of industry
(b) restoration of industry and land-use change
{c) restoration process of citizens’ life in relation to restoration of retail industries
(d) relation of supply facilities and citizens’ life and issues of lifeline development

The Sub-committee intended to survey and analyze all of the socio-economic phenomena that
happened to occur after earthquake. However, there were inevitably a limit to survey all the
features because members of the group constituted of civil engineers whose major is infrastructure
planning were limited. Therefore, the research results are not necessarily a satisfied one. But the
results include various data and might give many suggestion for future urban system planning and
management. They include the suggestion for urban disaster prevention planning, emergency
response planning and restoration plan of facilities and citizen life.

The subcommittee strongly hopes that these results should be utilized for the future development
of urban facilities and their planning.
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Mainshock and Aftershocks Locations by Nemoto et D ¥ 2
Static displacement by Hashimoto et al(1996). 0
Active Fault Traces by Mizuno et al.(1990) etc. :

Fault Model 4

1-Day’s Aftershocks :
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