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REPORT ON THE SEISMIC SAFETY EXAMINATION OF NUCLEAR FACILITIES
BASED ON THE 1995 HYOGOKEN-NANBU EARTHQUAKE
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Abstract

Just after the Hyogoken-Nanbu Earthquake occurred, Nuclear Safety Commission of Japan
established a committee to examine the validity or related guidelines on the seismic design to be used
for the safety examination. After the 8 monthes study, the committee confirmed that the validity of
guidelines regulating the seismic design of nuclear facilities is not impaired even though on the basis
of the Hyogoken-Nanbu earthquake. This report is the outline of the Committee's study results.

1. INTRODUCTION

From the standpoint of thoroughly confirming the seismic safety of nuclear facilities, Nuclear
Safety Commission established an Examination Committee on the Seismic Safety of Nuclear
Power Reactor Facilities (hereafter called Seismic Safety Examination Committee) based on
the 1995 Hyogoken-Nanbu Earthquake on January 19, 1995, two days after the occurrence of
the earthquake, in order to examine the validity or related guidelines on the seismic design to
be used for the safety examination.

This report outlines the results of the examinations by the Seismic Safety Examination
Committee. (The original report written by Japanese, and published on September 1995.
Therefore, this English version is not official document.)

2. BASIC PRINCIPLE OF EXAMINATIONS AT THE SEISMIC SAFETY EXAMINATION
COMMITTEE

In order to proceed the examinations and discussions at the Seismic Safety Examination
Committee, it is important to collect as much information as possible from the Hyogoken-
Nanbu Earthquake. Thus, tremendous number of reports or related documents prepared by the
regulatory bodies, research institutes or academic societies were investigated as well as field
investigations were conducted to obtain various information on the Hyogoken-Nanbu
Earthquake, namely, earthquake parameters, source mechanism, displacement of fault,
earthquake ground motion, and the damages to buildings and civil structures.

Based on the collected data and various information on the Hyogoken-Nanbu Earthquake,
which has been understood comprehensively up to now, the items to be examined were
selected so that the validity of related guidelines on the seismic design for nuclear facilities
were to be examined in detail.
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3. OVERVIEW ON THE RELATED GUIDELINES OF THE SEISMIC DESIGNS

( 1 ) Related guidelines of seismic design

Nuclear facilities include light water reactors for power generation, fast breeder reactors,
advanced thermal reactors, research reactors, nuclear fuel facilities (nuclear fuel recycling and
reprocessing facilities) radioactive waste management facilities and radioactive waste
repository.

With regard to the examination of the seismic design of these facilities, it is specified that the
"Examination Guideline for Seismic Design of Nuclear Power Reactor Facilities" (hereinafter
called "Seismic Design Examination Guideline") to be used or referenced.

(2) Overview on Seismic Design Examination Guideline

The Seismic Design Examination Guideline was systematically organized in 1978 by
integrating the previously used conception on seismic design. Part of this guideline was
revised in 1981.

Seismic Design Examination Guideline specifies the basic principle as follows: the nuclear
power reactor facilities shall maintain its structural integrity against any hypothetic seismic
force likely to occur at the site so that no earthquake brings about a major accident. Moreover,
buildings and structures shall be, in principle, of rigid construction and the important
buildings and structures shall be supported on bedrock. Also, it requires such severe seismic
design as follows: the facilities of higher degree of importance shall be resistant to stronger
seismic force than for usual commercial or industrial buildings and structures, the maximum
design earthquake shall be evaluated based on historical earthquakes, active faults and vertical
seismic force in addition to the horizontal seismic force shall be taken into consideration.

4. INFORMATION AND KNOWLEDGE OBTAINED ON THE 1995 HYOGOKEN-
NANBU EARTHQUAKE

With regard to the Hyogoken-Nanbu Earthquake, many scientist, engineers and research
institutes have reported investigations and studies. The knowledge that must be referred to
examination on the seismic safety of nuclear power reactor facilities can be outlined as
follows.

(1) Parameters and source mechanism of the earthquake

The earthquake parameters of the Hyogoken-Nanbu Earthquake of January 17, 1995 were
publised.

The origin time: January 17,1995 at 5:46 a.m.
Location of epicenter: 34Lo3636N, 135N,0303E
Depth of focus: 14 km
Magnitude: 7.2 (The Japan Meteorological Agency (JMA) scale)
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The Hyogoken-Nanbu Earthquake has been caused by right-lateral strike-slip displacement of
the fault under the east-west compression tectonics. The earthquake accompanied surface
rupture (prominent right-lateral strike-slip) on the known Nojima fault, which runs along the
northwest coast of the northern part of Awaji Island.

The distribution of aftershocks of the Hyogoken-Nanbu Earthquake is almost consistent with a
complex system of known active faults (hereinafter called the "Rokko-Awaji fault zone") and
extending over the whole fault zone from Rokko to Awaji.

On the other hand, aftershocks of the first day after the earthquake (considered to be closely
related to the earthquake source mechanism) are estimated to have been distributed in the
range of about 40 km around epicenter, which is clearly shorter than the entire length,
approximately 60 km, of Rokko-Awaji fault zone.

From the reasons mentioned above, the Hyogoken-Nanbu Earthquake is supposed to have
been generated by the displacement of a part of Rokko-Awaji fault zone.

(2) The damages of buildings and structures

The Hyogoken-Nanbu Earthquake having the magnitude of M 7.2 is a so-called "just
underneath earthquake," which occurred at the shallow part of the earth crust, and caused
severe damages.

The Hyogoken-Nanbu Earthquake caused severe damages to buildings and civil structures,
including collapsed, fallen and overturned railroads and overhead bridges on the roads, as well
as damaged nearly 400,000 buildings, including wooden houses, buildings of steel
construction and reinforced concrete construction. Particularly some of the steel columns of
steel frame buildings seem to have frittely fractured. In the coastal areas and the land-filled
grounds, soil liquefaction occurred over the wide area.

The areas of seismic intensity scale VII (on the JMA scale) are distributed in the belt zone
extending from Suma ward of Kobe city to Nishinomiya city. With regard to the belt-shaped
distribution of damages, some reports say that the damages were caused by buried faults, but
in many reports, they blamed the soil conditions in surface layers for these damages. In the
rock areas around the faults, the earthquake ground motions were relatively small. In the
further south soil area where damages found concentrated, the earthquake ground motions
were amplified greatly. Further, it is considered that the coincidence between predominant
period of earthquake ground motion and natural period of wooden houses and low and
medium height reinforced concrete buildings caused the damage concentration.

With regard to the cause of the damage of buildings and civil structures, as the investigation
proceeds, it was found that the horizontal seismic force rather than the vertical seismic force
was predominant factor of the damages.

Many of the damaged buildings of steel frame or reinforced concrete construction were built
before the enforcement of the current Building Standard Law established in 1981.
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(3) Earthquake ground motion

1. Observation record of earthquake ground motion

In the Hyogoken-Nanbu Earthquake, a considerable number of strong motion of main shock
were recorded in the epicentral area.

However, most of them are on the ground surface, and there is almost no strong motion record
on the rock that can be directly comparable with the design basis earthquake ground motion
on the free surface of the base stratum specified in Seismic Design Examination Guideline.

In the epicentral area, the strong motions that exceed 500 gal were observed, and the records
over 800 gal were obtained at the sites in the central area of Kobe city, including 818 gal at
the Kobe Marine Meteorological Observatory.

As for the vertical component, a peak acceleration of 556 gal was observed at the ground
surface of Port Island of Kobe (landfill soil site).

2. Characteristics of earthquake ground motion

As a result of evaluation of Maximum amplitude using an empirical distance-attenuation
curve to estimate the maximum amplitude of ground motion, it was indicated that the
earthquake ground motions are not especially strong compared with the past great
earthquakes. (Fig. 1) There were not a few observed records indicating that the peak
acceleration of vertical component of ground motion was more than 0.5 times that of the
horizontal component. However, many of these records were obtained on the ground surface
near the seashore or of the flood plains site along river. Thus it was pointed that these sites
must have received greater influence of ground surface non-linearity of surface layer subjected
to the strong ground motion.

The frequency characteristics of the Hyogoken-Nanbu Earthquake can be supposed to have a
relatively long period of predominant 1 second from the response spectra of earthquake
ground motion observed at the Kobe Marine Meteorological Observatory.

5. EXAMINATION OF VALIDITY OF THE GUIDELINES BASED ON VARIOUS
INFORMATION OF THE HYOGOKEN-NANBU EARTHQUAKE

(1) Selection of items to be examined

After studying and examining various factors of the earthquake, main conditions listed include
the very strong motion of M 7.2 directly underneath large urban city located along Rokko-
Awaji fault zone, observation of strong earthquake ground motion near the fault, and not a
few observation data indicating the peak acceleration of vertical component was than
0.5 times as strong as horizontal component.

Based on these factors mentioned above, the items to be examined can be considered as the
following three.
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FIG. I. Attenuation relation of maximum horizontal acceleration. The solid line indicates the
attenuation relation derived by Fukushima and Tanaka (1992). The dotted line represents
the range of standard deviation cr= 1. (Extracted from the outline of lectures at the meeting
reporting the Hyogoken-Nanbu earthquake by the Soil Engineering Academy of Japan.

a) If there is any problem or not in the evaluation method of the design basis
earthquake and the earthquake ground motion,

b) If there is any problem or not in the evaluation method of vertical seismic force,
and

c) If there is any problem or not in the consideration of evaluation of active fault and
magnitude of just underneath earthquake.

(2) Evaluation of earthquake and ground motion based on the Seismic Design Examination
Guideline

In examining the evaluation methods of the earthquake and the earthquake ground motion, it
is necessary to set up some proper site. The site conditions must be located near the epicentre,
must have obtained time-history records of ground motion, and must be a site not affected
significantly by the ground surface such as the liquefaction.

Taking consideration of the site conditions mentioned above, Kobe University located at
Rokko-Dai-cho in Nada ward of Kobe city, which is close to the epicenter, was selected as the
evaluation site.
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1. Evaluation of the earthquake

Magnitude of earthquakes in the Hanshin and Awaji area were estimated based on the studies
on the historical earthquakes, active faults, and the seismo-tectonic structure, followed the
Seismic Design Examination Guideline. (Table I)

As the result, the earthquake that gave the greatest influence to the Kobe University site was
determined to be an earthquake of M 7+3/4 assumed to have occurred in the active fault
system ranging from the southeast foots of Rokko mountains to the northern part of Awaji
Island from the standpoint of the seismo-tectonic structure. (Fig. 2)

Because the magnitude of the estimated earthquake is larger than the Hyogoken-Nanbu
Earthquake of M 7.2, the validity of the evaluation method of earthquake based on the
Seismic Design Examination Guideline is concluded to be not impaired even by referring to
the Hyogoken-Nanbu Earthquake.

TABLE I. EARTHQUAKE ASSUMED AROUND KOBE AREA
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Assumed earthquake

Mark

E - 1

E - 2

F - 1

F - 2

T - 1

T - 2

N

Magnitude

(M)

7.5

8.4

7.7

7.6

7 3/4

8 1/2

6.5

Distance from
ep icenter

(km)

34

180

16

25

16

180

(X=10)

Remark

Earthquake in Kyoto and Kinai in 1596

Earthquake in Goki and Shichido in
1707

Earthquake caused by the active fault
system extending from the south-east
foots of Rokko mountains to the
northern part of Awaji island

Earthquake caused by the Arima-
Takatsuki tectonic line

Intra-plate earthquake

Inter-plate earthquake re;ated to the
Philippine Sea Plate

Just underneath earthquake

Note; X : Distance from hypocenter in km
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(Ill), (IV), (V) and (VI) are extracted from Muramatsu, Katsumata,
et. al. on the level of JMA's seismic intensity scale
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O : Historical earthquake

® : Active fault

@ : Seismo-tectonic structure

• : Dust underneath earthquake

A : Hyogoken-Nanbu Earthquake
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Fig. 2. Earthquakes to be considered and the effect of the 1995 Hyogoken-Nanbu earthquake.
The distance from the epicentre of the Hyogoken-Nanbu earthquake indicates the distance
from the centre of the areas hit by the aftershocks indicated in the "Earthquake at the
Disaster — Prompt Report on Tsunami of the 1995 Hyokoken-Nanbu Earthquake " (The
Meteorological Agency, January 1995).

(2) Evaluation of earthquake ground motion

Ground motions (of earthquakes estimated in Gr above) on the free surface of base stratum at
Kobe University site are estimated on the standard method after OHSAKI, and the Fault
model usually used when the evaluation site is close to the hypocenter. As a result of this
estimation, the response spectrum of the earthquake ground motion estimated for Hanshin-
Awaji area was found a larger value than that of observed ground motion at Kobe University
site. (Fig. 3)

Although in the range of the long period, some value of the response spectra of ground
motions obtained at Kobe University are larger than estimated ones, the validity of the
evaluation method of earthquake ground motion was considered noy to be impaired for the
following reasons: (a) because Kobe University site is not on hard rocks defined in the
Seismic Design Examination Guideline and the influence of the amplification of subsurface
layers could be possible, and (b) because nuclear facilities such as the buildings, structures,
equipment, and piping sytems which are important for safety, are of rigid structure, as a
principle, and their natural periods are designed in the short period range.
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FIG. 3. Comparison of the response spectra of earthquake assumed in rock site and the
earthquake ground motions recorded at Kobe University (Rokkodai-machi in Kobe city).

(3) Evaluation of vertical seismic force

1. Observed vertical ground motions at the Hyogoken-Nanbu Earthquake

An analysis was made on the ratio of the vertical and the horizontal components based on the
observed records of 126 sites, excluding those at the landfill soil sites and those supposed to
have strong influence of structures. The result of this analysis indicated that the ratio of the
peak acceleration amplitudes of vertical and horizontal components was less than 1/2 on an
average. (Fig. 4)

2. Evaluation of the vertical seismic force in the Seismic Design Examination Guideline

The Seismic design Examination Guideline requires that horizontal seismic forces shall be
combined concurrently into most disadvantage mode with vertical seismic force that based on
the value of 1/2 of the maximum acceleration amplitude of the basic design earthquake
ground motion. In relation to above requirement, the committee investigated the ratio of the
acceleration amplitudes of vertical component at the same time when the maximum
acceleration of horizontal component occurred, using the data of 23 sites on which the time-
history seismic waves were obtained. As a result, the average ratio was about 0.1 and the
maximum value was about 0.3. They were much lower than 1/2. (Fig. 5)
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FIG. 4. Relationship of the distance from fault and the ratio between vertical and horizontal
maximum acceleration.
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In general, it is said that vertical seismic force is not dominant to compare with horizontal
seismic force, and the effect of vertical seismic force is to be small in seismic design.
Therefore, most seismic design standards, including the Building Standard Law, do not
specify the provisions for vertical seismic force. With regard to the damages to structures
caused by the earthquake, the main factor of these damages by the Hyogoken-Nanbu
Earthquake is reported to have been caused by the strong horizontal ground motion even
though there might have been some influence of vertical motion.

The buildings of nuclear power reactor facilities are thick reinforced concrete shear resistant
wall type structure due to the need of radiation shielding and strong horizontal seismic force
for design purpose. These buildings are thus of more rigid construction compared with
commercial and industrial buildings.

In addition, the vessels including the pressure vessels of nuclear power reactor facilities have
high rigidity for vertical direction. The pumps are of rigid construction and the piping are
appropriately supported for vertical as well as oblique directions in addition to horizontal
direction so as not to easily vibrate.

For these reasons, nuclear power reactor facilities are constructed with high rigidity especially
for vertical direction. Thus the effect of vertical ground motion is considered to be small for
nuclear power reactor facilities.

3. Summary

From the facts mentioned above, the validity of the evaluation of vertical seismic force in the
Seismic Design Examination Guideline is concluded not to be impaired even though by
referring to the Hyogoken-Nanbu Earthquake.

(4) Consideration of the evaluation of active faults and magnitude of just underneath
earthquake

Among the Rokk-Awaji fault zone, the earthquake return period for the active faults on Kobe
side is estimated to be about 2,000 years according to the reports on these active faults. In
addition, as a result of the excavation study after the earthquake, the Nojima fault has
recorded another previous disturbance after twelfth century. Because the earthquake return
period for these faults is shorter than 50,000 years, the validity of the concept of Seismic
Design Examination Guideline, which specifies the evaluation period for active faults as
50,000 years, is concluded not be impaired by referring to the Hyogoken-Nanbu Earthquake.

Furthermore, the Seismic Design Examination Guideline requires the consideration of
magnitude 6.5 (just underneath earthquake) as the design basis earthquake even when no
active fault is recognized near the site. Because the Hyogoken-Nanbu Earthquake (M7.2 just
underneath earthquake) occurred in a region where a complex system of active faults had been
previously mapped, and the earthquake having the magnitude greater than M7.2 of Hyogoken-
Nanbu Earthquake could be supposed to occur from the length of fault zone, any findings is
not obtained which impairs the validity of assuming that this kind of just underneath
earthquake even by referring to the Hyogoken-Nanbu Earthquake.
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(5) Summary

As a result of understanding the various information of the Hyogoken-Nanbu Earthquake and
by examining the matters to be discussed based on the concept of the Seismic Design
Examination Guideline in detail and on the basis of knowledge obtained from the Hyogoken-
Nanbu Earthquake, it is concluded that the validity of basic guidelines for securing the seismic
safety of nuclear facilities of Japan is not impaired.

6. CONCLUSION

The Seismic Design Examination Committee surveyed the related guidelines on seismic
design, selected the items to be examined, and examined on those items based on the
knowledge obtained from the Hyogoken-Nanbu Earthquake. As a result, the Committee
confirmed that the validity of the guidelines regulating the seismic design of nuclear facilities
is not impaired even though the basis of the Hyogoken-Nanbu Earthquake.

However, the people related to the nuclear facilities may not be content with the above result,
but continuously put efforts in doing the following matters to improve furthermore the
reliability of seismic design of nuclear facilities by always reflecting the latest knowledge on
the seismic design.

1) The people related to nuclear facilities must seriously accept the fact that valuable
knowledge could be obtained from the Hyogoken-Nanbu Earthquake, try to study and
analyze the obtained data, and reflect the results of investigations, studies, and
examinations conducted appropriately to the seismic design of nuclear facilities
referring to the investigations and studies of related academic societies.

2) Research and test investigations are to be performed to further enhance the seismic
design.

3) Proving demonstration of seismic resistance for nuclear facilities are needed all the
more.

4) The information on seismic design must be provided to public in general and efforts
must be put to the international exchange as well as to the joint study of international
basis.

It goes without saying that it is important for the nuclear facilities to obtain public acceptance
on the safety of facilities as well as to secure seismic design and sufficient safety standard.
The people related to nuclear facilities are requested to put incessant efforts to the seismic
safety of nuclear facilities and to develop much more national reliance.
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