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DAMAGE STATISTICS FROM JAPANESE EARTHQUAKES

The writers visited Japan during the week of 23-29 April. In

QvQ ~i0n to holding discussions on various technical subjects (ef-

t soil conditions upon earthquake motions, micr020ning prac

ti ce, soil-structure i nteracti on, probabili sti c dynami c response,

structura1 re1i abil ity), the writers attempted to gather stati sti cs

concerning damage to high-rise buildings during recent Japanese

earthquakes. This result summarizes the few findings (see Tables

and 2). The matter will be pursued farther by correspondence.

There have been only two recent earthquakes which have caused

significant shaking of modern tall buildings, both in 1968. The

9a5hi-~1atsuyama earthquake had a Ri chter magni tude of 6.1; its

epicenter was about 50 km from downtown Tokyo, and the focus of the

earthquake was at a depth of 70 km. The Tokachi-Oki earthquake had

d magnitude of 7.8 and a focal depth of 20 km. The epicenter was

off the northeast corner of Honshu. The largest city severely shaken

by the earthquake was Hachinobe, about 170 km from the epicenter.

The ensuing comments were derived from a group discussion at

the Architectural Institute of Japan, following presentation of the

w;lters' paper concerning optimum seismic protection.

j}!.~.~lL-r\1atsuyama Earthquake

Dr, Izumi of the Building Research Institute stated fla~ly

t t there was no damage to modern ta 11 buil di ngs in Tokyo duri ng

rhls e rthquake. When pressed as to what he meant by no damage, he
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insisted that there was literally no damage. The other engineers

present at the meeting expressed agreement with this view. Hence,

Table 1 records 100% of buildings as having zero damage. Based on

the measured ground accelerations, the writers have assigned a modi

fied Mercalli intensity 6+ to this experience.

Tokachi-Oki Earthquake

Yamahara (1970) lists 16 multi-story buildings in Hachinoke

and vicinity: 10 having 3 stories, and 2 each having 4, 5 and 6

stories. Three of the 3-story buildings are listed as II cons iderablyll

or IIheavil y ll damaged. All remaining buildings on the list were de

scri bed as II practi cally undamaged, II

During the discussion, an unidentified report (in Japanese)

was scanned by Prof. Yoshimi of Tokyo Institute of Technology. He

identified about 6 buildings having either 5 or 6 stories. Cracking

of a few beams and/or columns was reported for one building. At

another, it was reported that marble facing cracked. The remaining

buildings were II pra.ctically undamaged. 1I After listening to this

discussion, the writers have judged the statistics in Table 2 to be

reasonably representative.

Discussion

Like their American counterparts, Japanese earthquake engineers

are attuned to significant structural damage and are not necessarily

aware of minor damage of an architectural nature. Thus, while the

statistics recorded in the attached tables probably are meaningful

with regard to moderate or heavy damage, they are not necessarily cor

rect with respect to light damage,



The experience in Japan may be compared with the experience

during the 1971 San Fernando earthquake, by means of Table 3. Con-

sidering the difference in the design requirements, the experiences

would appear to be similar.

Reference

Yamahara, H., 1969: liThe Interre1ati on between Frequency Character
i sti cs of Ground and Earthquake Damage to Structures, II Soi 1sand
Foundations, Vol. 10, No.1, pp. 57-74.



T.ABLE 1

Earthquake Damage Summary

Name of Earthquake (Location):
Date of Earthquake:

Building Group Designation

Building Code or Age:

Height Zone:

Construction Type:

HIGASHI-MATSUYAMA (TOKYO)
JULY 1, 1968

Base shear coefficient 0.2

Various
Concrete and Steel

Number of Buildings

I
.... -
It ~'1er~a 11 i Intensity

\

I 4" 5 I ~------

IGenera1 Detai 1ed Replacement 6+ 7 8 9+
Cost Ratio

r

I!

i No Damage I 0 0 100%I
I--

1 .001 I
Light

2 ,005

~ i
f/oderate 3 .02

~
4 .05 I

i
) I 5

~ ! 1!Heavy I
, .10

I 6 .30
I

\
.1--~

1Requi res 7 \1.0 II I
I,

jReplacement I j
H

I
8 1.0 i

! Jl
,

I;i

'---"
, j -----4

TOTAL ,_~ a_t_l_e_as_t_l_O,-O__~~
The peak ground accelerations in Tokyo ranged from 0.02g tc O.lg.
Bui1dings designed by the Japanese code are approximately 3 times
stronger than buildings in California.



TABLE 2

Earthquake Damage Summary

Name of Earthquake (Location):
Date of Earthquake:

Building Group Designation
Building Code or Age:
Height Zone:
Construction Type:

TOKACHJ~OKr (HACHINOBE)
f'lAY 16,1968

Base shear coefficient 0.18
5-6 stories
RC

Number of Buildings

~1erca11 i Intensity

Genera1 Deta il ed Replacement 4- 5I 6 7 8-9 9+
Cost Ratio

No Damage 0 0 20%

Light 1 .001 40%
2 .005 20%

~10derate I 3 .02 20%,
I 4 .05

1 Heavy
i 5 .10
!,

6 .30I
il ;,

Requires
I 7 1.0 u

Replacement 8 1.0 I
1 •

I TOTAL I 4 to 6
L .-
Intensity in Hachinobe was V on Japanese scale (8+ on Modified
Her'calli scale); peak accelerations were in vicinity of 0.2g. Damage
statistics come from informal conversations with Japanese engineers.
Buildings designed by the Japanese code are approximately 3 times
stronger than buildings designed by the California Code.



TABLE 3

Higashi-Matsuyama Tokachi -Ok i

Ratio peak ground acceleration
to base shear coefficient

Corresponding region in
Los Angeles

Damage in corresponding
region in Los Angeles
(to modern buildings)

o.1 to O. 5 1.0 to 1. 4

Long Beach, Inter- Downtown
national Airport Los Angeles

None Light
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