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Preface

Japan is situeted in the circum-Pacific seismic zone and has been greatly
damaged by the earthquakes since the dawn of history. The earthquake damages
are not limited only to the economical ones, but also include the social ones
in a broad sense, and therefore it is not easy to grasp the whole exposed
features of earthquake damages precisely.

But is seems that a good chance for the development of the earthquake
engineering will be given by the investigation of earthquake damsges and of
those causes about the public works (bridges, tunnels, dams, embankments,
pavements and so on).

The investigation of earthquake damages about those public works which
have been affected since the Kanto Barthquake in 1923 has been carried out by
Public Works Research Institute, Ministry of Construction in Japan for
itself and under the co-~operation with the other organizations.

‘ There are few data of the investigation of earthquake damages before
World War II, while the synthetic investigation has been carried out by
organizing the investigation parties composed of each section of P.W.R.I.,
above all after the war.

"It is considered that things necessary to the investigation of earth-
quake damages are mainly (1) the earthquake motion (2) the geology and ground
(3) the features of damages of different structures and (4) their moneys.

In this report, the summary of the investigation result of earthquake
damages about the above mentioned things is introduced.

July 28, 1969

Barthguake Resistant Siructure Section
Public Works Research Institute
Ministry of Construction

12-52 Anagawa 4, Chibashi, Japan
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Data
No.

List of the Survey on Damages due- to Earthquake

Title
Investigation reporf Vol.l
of earthquake damage Vol.2
of Kanto big earth- Vol.3

quake in 1923

Investigation report of
Sanriku tidal wave

21th Dec. 1946
Investigation report of
Nankai earthquake

28th June 1944
Investigation report of

Hokuriku earthquake disaster

View of the damage by the
tidal wave of Chili
earthquake

Investigation report of the
tidal wave of Chili
earthquake

Investigation report of
damage of Hyuganada
earthquake

The collapse of a mountainous
region by Kitamino earth~
guake

About Kitamino . earthquake

Investigation of earthquake
damage of Tohoku earthquake
No.l, No.2

Table 1

Source

Years

Japan Society of Civil Engineers Aug.

(Home Ministry)
Reconstruction Bureau

Report of P.W.R.I. Vol.24
Vol.27

General Report of Firsi

Technique Research Institute

Ministry of Construction
Vol.16

Report of P.W.R.I. Vol.78

Civil Engineering Information
Vol.2
No.6

Civil Engineering Information
Vol,2
No.12

Report of P.W.R.I. Vol.11l3%

Civil Engineering Information

Vol.3

No.1l1
Journal of Japan Society of
Civil Engineers Vol.1l48
No.112

Civil Engineering Information
Vol.4, No.l1l0
Vol.4, No.ll

Jan.

June
June

June

Mar.

June

Dec.

Dec.’

Nov.

Dec.

Dec.
Nov.

1926
1927

1933
1934

1948

1949

1960

1960

1961

1963

1962
1962
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11

Investigation News of
Niigata earthquake

Tnvestigation report of
Niigata earthquake

Investigation report of the
‘damage of Niigata earthquake

Investigation report of the
damage of Ebino earthquake

Prompt Investigétion report
of Off Tokachi earthquake
in 1968 ’

The damages of OFf Tokachi
earthquake 1968

Civil Engineering Information
Vol.
No.7
Report of P.W.R.I. Vol.125

Japan Society of Civil
Engineers

July 1964

June 1965

June 1966

Report of the member of P.W.R.I. Dec. 1968

in 1968
Atsushi Terashima

Civil Engincering Information
V51.10
No.8

Road Vol.11l, 1968

Aug. 1968

" Nov. 1968
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§2. Summary of the Survey on Damages due to Barthquakes

Data Investigation Report of earthquake damage of Kanto big earthquake
No.l in 1923 ' _
Vol.l Japan societv of civil engineers

Vol.
Vgl 3}' ‘Reconstruction Bureau

. Outline of Report

They were greatly damaged by the earthquake occurred at 11:58 a.m.
on Sept. 1, 1923 in Tokyo prefecture, Kanagawa prefecture, Shizuoka
prefecture, Chiba prefecture and Saitama prefecture, Especially in Tokyo
city the damages were great, so as a reconstructive machinery a capital
reconstruction ministry was made a start, This was the Reconstruction’
Bureau of Home Ministry afterwards.

On Janvary in 1924, the committee for examination of earthquake damage
was established in Japan society of civil engineers. The first part of the
committee was river, irrigation, sand arrestation, channel and harbor, the
second was bridge and structure, the third was waterworks, sewerage and gas
works, the fourth was railway and truck, the fifth was public works
concerned with eleciric and the 31xth was road, the parts organized the
committee respectively.

This report was arranged by these committees.

Barthquake

The selsmlc center was under the sea bottom of Sagami bay of Lati. 34°
45'N, Long 139° 40'E, and near the center a great variation was to be seen.

The earthquake acceleration was 3500m/se02 at Yokohama city about 70km
from the center and in the case of Tokyo seismic coefficient was one eleventh
of ‘gravity in Hongo and the other hilly section where the ground was a
diluvium, on the other hand in the downtown where the ground was an alluvium
it was a quarter of gravity.

 Nature of soil and ground

The basic ground of the South Kanto district where the degree of this
earthquake was violent one is a third period stratum and the diluvium is
laid over the stiratum. Hills on Boso peninsula or Miura peninsula are the.
small districts consisted with the third period stratum and igneous rocks
are gpouted there. On the contrary, on the plain the alluvium are distri-
buted along the river or coast-line.

State of damage

Concerned with the damages in cities, it is said that the damages due to
the fire broken after the earthquake was greater than the damages due to
the earthguake itself. In the case of the civil structures, river, road,
bridge, railway, harbor, water works and sewerage were greatly damaged.




Sum of damage

dead persons destro&ed houses
Tokyo prefecture 91,667 334,609
Tokyo ecity 90,090 289,800
Kanagava prefecture 28,098 145,861
Yokohama city 26,500 71,000
Total- 141,720 580,397

Sum of damage in railway . Sum of -damage in harbor ven

69,839,130 yen Yokohama harbor 15,000,000
Yokosuka naval port 20,000,000

road bridge

River
: ‘ yen yen

Tokyo prefecture 1,787,147 Tokyo prefecture 678,634 7,062,491
Kanagawa prefecture 4,651,447 Tokyo city 389,242 6,737,449
Yamanashi prefecture 1,628,396 Kanagawa prefecture 5,950,316 2,916,162
Saitama prefecture 1,387,157 = Yokohama city 4,251,650 1,023,718
Chiba prefecture 1,260,913

Total 11,571,187

Data Investigation Report of Sanriku tidal wave

No.2 Report of P.W.R.I., Vol.24
: Vol.27

Outline of Report

They were greatly demaged by the tidal wave accompanied with the”
earthquake occurred at 2:31 a.m. on March 3 in 1933 in Sanriku distriot.

There explain the results of the examinations done from March 3 $ill
10 and from May 19 $ill June 4 in Iwate and Miyagi prefectures, the study
of the nature and the power of this tidal wave and & personal'opin;pn'about
the mitigation of the damages due to tidal wave. . : o L

Barthquake
The seismic center is near the 7 kilometer water depth sea bottom at
Long 134.6°E and Tati 39.2°N. The maximum acceleration was about 400-500
mm/sec® and 5 of the earthquake scale of the central meteorological obser-
vatory, that is to say, it belongs to strong earthquake.,

This earthquake had a remarkably longer pericd in the last of the main
motion than the other general earthquakes and they said that the earthquake
perceived in Sanriku district was a very slow vibration. - This is a-
character of the earthquake with the tidal wave. -

Tidal wave

The maximum height of the tidal wave that attacked the coasts of
Hokkaido, Aomori prefecture, Iwate prefecture, Miyagi prefecture and
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Fukushima prefecture faced to Pacific Ocean about thirty minutes later of
the earthquake was 29m and the average period of the four primary waves is
10-12 minutes in Hachinohe and Kesennuma, 22.5 minutes in Kushiro and 70
minutes in Tokyo and Shimizu.

State of Damage

But for the fall of the road cut, there is not any damage caused by
the earthquake.

The damages due to the tidal wave reach to Hokkaido, Aomori, Iwate,
Miyagi and Fukushima prefecturc and the number of the damaged town was 70.

In these districts they were damaged by the big tidal wave on June 15
in 1896, Comparing this damages with that of 1896, the total of the washed
avay, destroyed and fired houses is about 47 per-cent, on the other hand
the total of the dead and the lost was decreased to 14 per-cent. Concerned

. (45 with the damages on the c¢ivil structures, landing piers, r1vetments, quay

walls, roads and bridges vwere damaged.

Sum of Damage

The death and .the lost Sum assessed as the disaster cost of
3,064 public works in 1932
Tvate 2,713 Iwate pre. Miyagi pre.
s .
Miyagi 308 road 431’052yen 223’928yen
. bridge 372,769 16,583
Flowed, broken and fired houses river 235,515 9,141
6,067 coast 550,741 296,741
Twate 4,251 total 1,590,077 546,393

Miyagi 1,478

Sum of damage ennounced by keiho Bureau (rough estimate)

(O totall | 12,632,979 "
e Iwate prefecture 10,877,741 (86%)
Miyagi prefecture © 1,306,788 {10%)

Reference Material

1) Civil engineering Earthquake—re31stance
Nagaho Mononobe Rikotosho K K.

Data  21st Dec. Investigation Report of Nankai Earthquake
No.3 1946 ' General Report Vol.l6
Outline of Report

An earthquake occurred at 4:20 21st December 1946, and so Kinki,
Chugoku and Shikoku districts were much damaged.




An investigation party was made up. The party was composed of the
" public Works Research Institute Home Minister and Harbor and port Section of
Technical Research Institute of Railway, Ministry of Transportation.
The party made field investigation for about two weeks; from 12th January
1946 to 30th January 1946.

This report inéuire into the.party’s and the prefectural office's
investigation findings and the civil structure influences by the earth~-
quake.

Earthquake

The centré of the disturbance was Long 13506'E, Lati 33°o'N and off the
coast of Nankai and the bottom of the sea.

Seismic coefficient rank V is Shionomisaki, Owase Sumoto, Tsu, Hikone
and Gifu. IV is Tokushima, Kochi, Kameyama, Kaobe, Tguruga, Lonago,
Miyagzaki, Kumamoto, Fukuoka and Kumagaya. We-can see that a severe earth- ;
quake distributed widely. _ o wr

ax

Main vibration direction is S-N in Kii Peninsula, and WSW-ENE in
Shikoku district. ’ .

In s tidal wave, which is in company of earthquake, maximum wave height
ig Tm, a periodic time is 15 minutes at Kishimoto, 20 minutes at Owase and
60 minutes at Kochi.

Nature of soil and ground

Kii Peninsula ......It is composed of sand, shale and metamorphic
rocks, which are the third layer or the Paleozoic era layer. Generally the
grounq_is good quality.

Shikoku district....It is composed of sandstone, shale, and coaly
s0il which are chalk.

Tn a mountainous region, the ground is good state for earthquake. ' aw

Nakamurs, where is considered the mainly affected district of this
earthquake, is a city on the Shimanto river and on the alluvial formation.

Chugcku distriect....It is composed of most part in igneous rock.
Reclaimed land and filled up land on the Setouchi coast is weakest ground
for earthquake together with the alluvial formation.

State of damage

This earthquake was a large scale, and the damaged zone distributed
from Shizucka to Nagasaki. But the damage was comparatively small. In a
mountainous region, the damage was little and the’weathering soil broke.
down at the most., The damage was mainly limited to the structures on the
alluvial plain, Harbor siructures on the filled-up land have the large
damages. T : '

The damages by the tidal wave is the largest in Wakayama prefecture,
Tokushima prefecture and Kochi prefecture where ig face to the source of .
wave.
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Sum of damage.

Sum of damsge (Civil Structure)

Total 165,069 * 10 thousand yen (w .. 120,304 Wakayama; 22,327
: Tokushima; 5,652 Kagava; 5,573)

road 35,599 (Kochi; 25,883 VWakayama; 6,489
bridge - 9,309 (Kochi; 6,280 - Wakayama; 1,977)
river 76,387 A (Kochi; 71,542 Wakayama; 1,360
‘ Tokushima; 1,235 )
coast 19,454 (Vakayama; 9,873 - Kochi; 5,812
Tokushima; 1,469
harbor 23,798 {Kochi; 10,787 Kagawa; 4,895

Wakayama; 2,619 Tokushima; 1,749
Aichi; 1,277 FEhime; 1,276

completely destroyed houses (Kochi; 4,838 Okayama; 1,105 .
9,738 houses Tokushima; 1,076 VWakayama; 969 )
H

partially destroyed houses
23,616 houses

dead persons (Kochi;. 679 Wakayama; 269
1,444 Dersons . Tokushima; 211 )
¢ .

Data  28th June Investigation Report of Hokuriku Barthquake Disaster
No.4 1944 , Report of P.W.R.I., Vol.78

Outline of Report

An Barthquake occurred at 16:15 28th June 1944, and the centre of the
disturbance was the southern part Sakai country Fukui prefecture. Most of
Fukui prefecture and the south-western part of Ishikawa prefecture were
much damaged. '

It was taken an investigation into Fukui and Ishikawa prefectures
from 9th July to 21st August. In this Report, the views for these investi-~
gation findings and the damage conditions are mentioned.

Barthquake

. . . ,
The centre of the disturbance was Long 136° 14' and Lati 36° 09 and

within ten and several km, and so this earthquake is considered to be

the very shallow earthquake.

By way of character of the very shallow earthquake and the
character of activity of the inside earthquake zmone, the sphere in this
earthquake was very narrow or the intensity of neighbourhood of the centre
of the disturbance was very severe,

emsmerreay



Seismic coefficient distribution is violent earthquake of rank IV in
Fukui. earthquake of rank IV distributed less than 150km of a radius
from the centre of earthquake.

Nature of soil and ground

The vicinity of the centre of earthquake and most of the damaged
region is on the alluvial plain of Kuzuryu river and the tributary bain of
Kuzuryu, and so is on the alluvial plain,of the downstream of Daishoji
river, of Shibayamakata and the circumsference of Imaekata.

A mountainous region‘is mainly composed of the new third layer and
composed of addesite, rhyolite and liparite. This ground is good state for
earthquake.

- In a hill zone of the coast region, the sand layer of diluvium of the
fourth layer distributed widely and the sand layer of the alluvial forma-
tion distributed widely.

State of damage

Fukui city is a representatively affected district. In this city
ninety per cent of all of the buildings were collapsed in a moment.

In kanasumachi, Maruoka machi, Harue machi and Morita machi, where
is the vicinity of the centre of earthquake, the rate of the collapsed
house is about 100 per cent. But in Mikunimachi, where is comparatively
near to the centre of the earthquake, the rate of the collapsed house is
about 5 per cent. We can see that the damage is easily influenced by
strength of the ground.

Sum of damage

Civil Structure

the damage investigation table in Fukui prefecture*

total ’ 155,222X 10 ‘bhousand yen

: road - 22,435

bridge 19,680

| river - ‘ 112,020

% completely destroyed houses o 32,444 houses

: partially destroyed houses 4,980 houses
dead persons _ 5’507.persons

damage , . 3,000, 00
civil establishment 330,000

o X 10_thousathYeﬁ

the damage investigation table in Ishikawa prefecture*
total 15,411 % 10 thousand yen
road 7,411 :
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3,305 x 10 thousand yen
E

bridge
_river 4,694
completely destroyed houses 1,499 houses
partially destroyed houses 5,112
dead persons 40 bersons

damage 500,000 ¥ 10 thousand yen

civil establishment 14,000

Data View of the damage by the tidal wave of Chili earthquake
No.5 Civil Engineering Information Vol.2, No.6

Investigation Report of the tidal wave of Chili earthquake
Civil Engineering Data Vol.2, No.12

Outline of Report .
An earthquake occurred in Chili offshore at 23rd May 1960, The tidal

wave by this earthquake came to the zone on the Pacific coast in Japan about
half and twenty-two hours later.

Bspecially, on the Sanriku coast, the tidal wave was large and the
damage was sSo.

The first investigation group in Research Institute looked up Miyagi
prefecture and a part of Iwate prefecture from 26th May to 28th May.

The second investigation group, which is composed of two groups,.
looked up the damage by earthquake in Iwate, Miyagi, Fukushlma prefecture
from 18th June to 26th June.

Tidal Wave

The. tidal wave was produced by the earthquake, which occurred in the
middle Chili offshore of South America (Lat1 37 S, Long 73 W) ‘at 4110
in the morning 23rd.

The duration of this tidal wave was very long. Bvery record presented
for 24 hours and have a tendency to go on.

Obtaining an average of the first five waves, the periodic time is 36
minutes at Hachinohe and Tsukihama and 42 minutes in Kuji and 40 minutes
almost.

The record of tide gauge was almost imperfect, so we cannot know
clearly. But the maximum amplitude at Tsukihama recorded 3m.

It was seen that the places of the considerable damage had a tendency
to be on the inner part of the comparative secluded deep bay.

-11 -
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That is the feature of this.tidal waves. When the earthquake happened
in 31933, the damage concentrated at the place to the open sea and small
secluded bay.

Tt is considered that, for a cause, the period of this tidal wave is
comparatively long and corresponds to eigen period of the secluded deep bay
and caused resonance phenomenon.

State of damage

The damage of levee revetment was overturned by an ebb tide and was
proken the empty stone-wall of backfill by overflow and corrosion of ground
of toe of slope of backfill.

That example are numerous.

The region of the damage distributed wider than usual tidal wave.
Bspecially Sanriku in Tohoku district and Hokkaido district had large damage.

. As the alarm of the tidal wave was delayed, the damage of human
lives, houses and ships were conspicuous. Public civil establishments were
comparatively few.

Sum of the damage
z 10 thousand yen

Publie Civil Bstablishment total 274,172
coast river road bridge total

Hokkaido 1,184 70 47 68 : 1,369
Ivate 87 .53 315 45 500
Miyagi 132 184 117 83 516
Sum of the damage of Japan National Railway - 290
dead person ' 114 Persons -

i lost person 25

i completely destroyed houses 1,573 houses

| partially destroyed houses - | 2,191 '
efflux houses 1,259

Reference material
Journal of Japan society of civil enginesrs
News - Vol.45 June 1960 =6
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Data Investigation Report of Damage of Hyuganada Earthquake
No.6 Report of P.W.R.I., Vo0l.113

Outline of Report

An earthquake occurred in east-south in Kyushu at about eleven past
three in the morning twenty-seventh February 1961, This earthquake brought
collapse of houses and mountainous region and some damage of civil
structures in Miyazaki prefecture.

Research Institute investigated damage of civil structures in Miyazaki
prefecture from 2nd March to 7th March and from 9th March to 11th March.
This is prompt report of investigation.

Earthquake

The seismic centre was in the bottom of the sea from Miyazaki tc
35km south east (Long 131 51!, Lati 31° 36'). The depth of the sea is
from 10km - 17km.

Seismic coefficient was V at Miyazaki and IV at Uwajima, Saga, Aso,
Oita, Kagoshima and a part 6f Miyazaki.

Maximum acceleration at earthquake time was over 300gal (seismic
coefficient VI) in some places. The scale of the earthquake {magnitude)
was 7.2.

Along Hyuganada the tidal wave came from 3 minutes to 7 minutes after
occurrence of the earthquake. Maximum wave height was 100 - 150cm and
period was about 30 minutes.

Nature of soil and ground

Miyazaki prefecture is seperated three parts in topography. Hyuga
mountainous region is composed of the Palsozoic layer and the Mesozoic .
layer. Minami Nakayama mountainous region is composed of the rock of the
old third layer.

There is Miyazaki plain on the hill which is composed of Miyazaki
layer group of the new third layer.

There are the alluvial formation of belt along terrace, rivers and
coast of south Hyuganada, whlch is composed of sand layer of the -
Pleistocené epoch.

Miyazaki layer group widely distributed for foundation of the -
affected district of this earthquake. And Miyazaki layer is composed of
sandy stone, muddy stone and alternate layer. Conglomerate layer of the
Pleistocene epoch is on this Miyazaki layer group for 5em. The alluvial
formation is on conglomerate layer of the Pleistocene epoch about
15 - ld4cnm.

State of damage

This earthquake was severe in seismic coefficient, but the damage was
light unexpectedly.

- 13 -




Investigating the damage of civil structures, we could see that in road
there were cracks of concrete pavement and there were outbreak of the wide
crevice between pavement and shoulders and in bridge the damage were light
and in soil structure there were cracks at crown of levee and slope.

Sum of damage

Sum of damage in Miyazaki prefecture

civil section
x thousand yen

agriculture and forestry section 27,219

fisheries facilities’ 21,300

educational facilities 415

architectural section 11,342

‘electric facilities 13,524

correspondent facilities ‘5,950

railway facilities . 2,024

goods 81,000

total 163,774

dead persons } 1 person

the wounded 4

completely destroyed houses ' 0 house

partially destroyed houses 4 houses
Data The collapse of a mountainous region by Kitaminp,earthquake
No.7 , _ _ Civil Engineering Information Vol.30, No.ll

Outline of Report : _ ,
An earthquake occurred in the mountainous region of prefecture
poundary among Gifu, Fukui and Ishikawa prefecture at about twenty-three
minutes past two in the afternoon nineteenth August 1961.

Many collapses were occurred in mountainous region by this éérthquake.

If a concentrate heavy rain fell in this region, these‘doilaPSéd<soil

would be carried away to the downstream and injured considérably.

-

So, this region were reconnoitered:and - the scale and degree of risk
were investigated. 'This report was gotten by this reconnaissance.
Barthquake- , . :
Seismic centre was the mountainous region (Long 136° 46' Lati 30% 01!
N), and the depth was about 40km. The scale of this earthquake was T.2 in
magnitude. .

Tt is said that the scale of this earthquake is as large as the scale
of Fukui earthquake. But it seems that the damage was lighter than the
earthquake of the same scale.

- 14 -
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Nature soil and ground

Tgneous rocks of Mesozoic era and alluvial rocks, which belong to
Tedori layer group, distributed on the line of Uchinami river of the river
system of Kuzuryu river which is covered with the widely distributed third
andesite Akaiwa sand rock layer and Kuwajima sand rock and shale of Tedori
layer group distributed on the foundation of the line of Ushikubi river of
the river system of Tedori river.

Quartz porphyry, which distributed widely from west Chuo Alps to Hida
plateau, and granite, which pass through sekiei hangan, distributed on
the foundation of the line of Ojirc river of the river system of Sho
river which is covered with belch of Hakusan valcano.

State of damage

In line of Namiuchi river in Fukui prefecture, the collapse of a
mountainous region was the most damaged region. Soil and stone of the
collapse were left on the roads, so many roads couldn't pass through.
4 lot of rock and stone of the collapse were seen in soil and sand of
the collapse.

Tedori layer group was destroyed by landslide on a large scale. The
pushed uncoagulated accumulation of soil and stone covered this Tedori
layer group. '

The damage for civil structures was seen only at hydro structures
(hydro—electric power, dam). The damage of roads, railways and bridges
were few. ’

Sum of Structure

Restoration cost of hydro-structures are about a hundred million yen.

Reference data
About Kitamino earthquake .
Journal of Japan society of civil engineers vol.48 Oct.,

by The engineering committee of resistance of earthquake
in Japan society of civil engineers

Dats Investigation of earthquake'damage of Tohoku earthquake
No.8 No.l Vol.4, No.lO

No.2 Vol.4. No.ll Civil Engineering Information
Outline of Report

An earthquake, that seismic centre was north Miyagi prefecture,
occurred at about twenty-six minutes past eleven in the morning 30th
April 1962. The earthquake brough damages of human life and articles.

Public Works Research Institute made field investigation from 2nd May .
to 4th May. This report is outline of the investigation.
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Barthquake

Seismic centre was the interior of north Miyagi prefecture (Long 141°
10' E, Lati 38° 70' N), and the depth was about lOkm. And the centre of
this earthquake was at alluvial formation along the right of the main
stream of Kitakami river, so the earthquake emotion was severe in this

neighbourhood.

Magnitude of this earthquake was 6.4, Sendai, Ishinomeki, Mizusawa,
Fukushima and Morioka was IV in the seismic coefficient. The seismic
coefficient V was local, so Meteorological observatory could not record.
But it is considered that the seismic coefficient V and more V were in

the neighbourhood of seismic centre.

Nature of so0il and ground
Most of nature of soil in the neighbourhood of seismic center was
composed of the third layer. It seems that the ground is very strong for an
earthquake. But surface layer is mainly composed of loam layer and a part, o
which was swamps in older times, exposes as corrosion layer.

Therefore it is considered that corrosion layer and loam layer, which
have meny clay and many slit, are very sensitive for earthquake.

State of damage
This earthquake was comparatively large. But this earthquake was far
away from city, so total of damage was comparatively small. As the damage
of civil structures, the supporting points of Ego bridge and Kino bridge

under bridge damaged.

The damage of road pavement was that it is need not to stop the
traffic except a part, which is the neighbourhood of seismic centre.

Under embankment and river structures, the damage of levee body. S
banking itself was the crack of levee body and slope sliding and settlement

in accompanying of the crack of levee body. :

A
Y

And revefment, retaining wvall and sluice vas damagéd by‘vibration and
deformation of levee body. | o

Sum of damage
total of damage in Miyagi prefectﬁre

total 4,049,244 * thousand yen

. % thousand yen

agriculture section .524,607

forestry and control of mountain 9,275

section - ‘

education section 199,046

civil section = ,river 670,692 815,547
(road 101,765)

bridge 43,090
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water work section 12,389 x thousand yen

commerce and industry section 213,894
damage of houses 2,274,486
dead persons 3 Dersons
completely destroyed damage 369 houses
partially destroyed damage 1,542

Data Investigation Report of Niigata earthquake
No.9 Report of P.W.R.I., Vol,125

Investigation News of Niigata earthquake
Civil Engineering Information, Vol.6, No.7

Outline of Report

An earthquake occurred at about 2 minutes past one in the afternoon
16th June 1964. This earthquake damaged mainly from center of Niigata
prefecture along Nihon sea to Yamagata prefecture.

Public Works Research Institute investigated the damage. This result
of the investigation was collected on investigation News and the analysis
of the result of the investigation was reported on Report of P.W.R.I.

Earthquake-

The centre of earthquake was the bottom of the sea in the nelghbour
hood of Kurishime in Niigata prefecture (Long 139% 20! E, Lati 38~ 40' N)
The depth of the bottom of the sea was about 40km

The scale of the earthquake was 7 7 in magnltude.

In the distribution of seismic coefflclent Nllgata, Sakata, Sendal
and Aikawa was V and Fukushime, Onahama, Maebashi, Ishinomaki, Yamagata,
Nagano, Akita, Morioka, Takada, Kakioka, Shirakawa, Wajima and .
Aizuwakamatsu was IV.

At Kurishima and Oyama in Yamagata prefecture, disastrous earthquake
of seismic coefficient IV was locally recorded in part.

~After the occurence of this earthquéke, the tidal wave came to
Hokuriku region and Tohpku region on Nihon sea about one hour later.-

In the neighbourhood of the earthquake, the height of wave of measure
with the eyes was from 3m to 4m. -

The other coast was from 1m fov2m.

Nature of soil and ground

This earthquake dameged Tohoku and Hokuriku region on Nihon sea.
The large damaged cities like Niigata and Sakata was constructed on
sandhill.

.'-17_




Especially Niigata was at the mouth of Shinanc river and the veak
ground distributed along Shinamno river. On all over Niigata city, the
newest alluvial formation was for about 100m. The thickness of the
alluvial formation with the progress of Murakami city of north go thick.

Tn the mountainous region of the neighbourhood in Murakami city rocks
of the pre third layer expose.

The character of the alluviael formation in Niigata city is %o be
composed of sandy soil for the most part and to be high at the height of
subterranean water.

The damage of this earthquake was settlement of building, cracks of
foundation and fire of oil tank, Every damage was destruction of ground
by earthquake, in other words there were modern cities on the weak
ground and the cities were damaged. This damages was the destruction of
ground rather than earthquake. ) '

Sun of damage* ‘ Niigata
Restraction cost of road damage - 2,%74 x million yen (2,018)
Restraction cost of bridge and tunnel 1,387 : ( _911)
Restraction cost of river 5,316 '

Sum of damage of railway establishment 7,600
Sum of damage of harbour establishment 22,000 . o ‘ (21,800)
. ?

Agriculture section 15,400
_Sum of damage of factory in Niigata city 16,400

Sum of damage of water works in Niigata city 2,366

prefecture Niigata Yamagata Akite Fukushuma
dead persons . 14 9 5 . 0
completely destoryed houses 3,018 486 ° 19 11
partially destroyed houses 9,715 1,189 T3 9

% Tnvestigation Report of the damage of Niigata earthquake

Japan Society of civil engineers. 1964

Data = The Inﬁgafigation of Ebino Barthquake Swarm; February-March, 1968
¥o.10 Report of the member of Public Works Research
. Institute in 1968 .

Investigation Report of Damage of Bbino earthquake
Report of the member of Public Works Research
Institute in 1968 :

~ 18 =
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Outline of Report

An earthquake occurred at Masaki in Ebino town from fifty-one
minutes past eight to forty-five minutes past ten in the morning twenty
first February 1968. Seismic coefficient were V and VI,

A severe earthquake occurred in the neighbourhood of the boundary of
Miyazaki prefecture, Kagoshima prefecture and Kumamoto prefecture at
nineteen minutes past seven in the afternoon twenty-second February 1968.
This report collected the damage of these earthquake.
Earthquake ’

Meteorological Observatory concluded that principal shock occurred
at forty-five minutes past ten in the morning 2lst February and
before shock is occurred at fifty~one minutes past eight in the morning
21st February and the after shock occurred at nineteen minutes past
seven in the afternoon 22nd Pebruary.

The magnitude of these earthquake were 6.1 in principal shoek, 5.6 in
before shock and 5.5 in the secondary shock. Seismic coefficient
distributed locally that it is V or VI in Ebino and Hitoyoshi.

Nature of soil and ground

Kaluto layer group and Hyuga loam layer were in a line, getting in
between the alluvial formation of the basin of Sendai river and were
parallel to Sendai river. Kakuto layer group is so-called Shirasu.

The region of Masaki and Yoshimatsu,where the damage.concentrated, was
on the region of the alluvial formation.  The region, vhere & landslide
occurred, is involved in XKakuto layer group, The other hand, Okamoto
village, where is on Hyugs loam layer, was few in the damage.

State of damage

" Especially Ebino town in Miyazaki prefecture and Yoshlmatsu town in
Kagoshima prefecture damagéd on large scale. At Masaki region in Ebino
town, the rate of the completely destroyed houses is 13.5 per cent. The
rate of the completely destroyed houses within a radium of 2km of
Kyomachi station is 30 per cent over. -

And the phenomena of'a landslide were conspicubus. The landslide
occurred as if it were cut. perpendicularly, for these region were zone of
Shirasu. As the other accidents of ground it is seen the spurt of ground
water.

Sum of - damage :
3 persons

"dead persons

seriously wounded persons 41 _
completely destroyed houses - 447 houses
partially desiroyed houses 921
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Data Prompt Report of Investigation of Off Tokachi earthquake 1968
No.1ll Civil PEngineering Information Vo0l.10, No.8

Outline of Report

s

An large scale earthquake occurred at 49 minutes past 9 in the
morning and 39 minutes past 7 in the afternoon 16th May 1968. This
earthquake damaged Aomori prefecture, Iwate prefecturs, Miyagi prefecture,
Akita prefecture and Hokkaido. This report was made by the prompt record
of investigation of Aomori and other cities.

Barthquake

The center of this earthquake was at off Erimo promontory in
Hokkaido. (Long. 143° 70' E, Lati. 40° 70' N) and the depth was about 20km.
Magnitude of the principal shock was 7.8 and the magnitude of the after
shock was 7.5. This earthquake was a large scale.

Seismic coefficient of *the principal shock was VI at Tomakomsi, V at b g :
Urakawa, Morioka, Hiroo,‘Hakodate,-Hachinohe and Aomori. And seismic :
coefficient of the secondary shock was V at Urakawa and Hiroo.

This principal shock and the affer shock brought about the tidal waves.
The tidal waves, which were over 2m, came to the coast of Sanriku.

Nature of soil and ground

The base of the region of hill in’ east Aomori prefecture is the third
layer, There are diluvium (Sambongi layer, Numasaki ‘layer, Narasaki - .
layer) on the plateau for sbout 50m. Surface layer is so-called the layer
of volcanic ‘ashes and heap within several meters; Surface soil is '
‘composed of soil of eruption of the volcano-in Nasu volcanic zone, which
is so-called Kureboku. The soil of eruption is a heap about scores cm
and porous and high ratio of water contained. o :

Along the large river, it Waé eroded about maximum fifty meters from
the face.of the mean third. layer. The first is the layer of .clay of heap P
and sand of heap, which is character of river, is on the layer of clay. 4£¥

State of damage

As the special condition, which influenced the damage of this earth- -
guake, it/rained mgch directly before the occurence of this earthquake. ;

The center of this earthquake was in the neighbourhood of "east Aomori ' 4
" prefecture and amount of rain-fall was about from 100mm to 20mm in the i
same place. L i

The damage of railway was many at the region of the new. constructed
banking. The damage of road was conspicuous in the damage of banking on
the saturated weak ground. In the damage of river liquid phenomens of
sand layer of high ratio of water contuined influenced. C

The damsge of buildings were Hakodate College building of four
stories and office of Mutsu city, which had constructed with the newest
technology of architecture. Therefore, the investigation of the cause
is needed from now.
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Sum of damage®

The comittee of damage proof of center

The headquarters of counter-measure in case of emergency at off Tokachi

earthquake. 2Z2nd May 1968
] Aomori Pre.
dead and lost 5p Persons a7 )
completely destroyed houses 676 houses ( 657 )
partially destroyed houses 2,994 houses (2,900 )
sum of damage in Aemori prefecture 631 ¥ hundred million yen
{prefecture report 30th May 1968)
damage of river, road, seashore, 51 * hundred million yen
dam and sand arrestation
damage of harbour oo X hundred million yen
agriculture and forestry 173 * hundred million yen
Japan National Railway 134 ¥ hundred million yen
commerce and industry 79 x hundred million yen
The damage of public civil establishment 10th June
- road bridge river seashore total
Hokkaida 31,936 20,618 14,536 8,300 78,429
Aonori 116,706 18,777 134,385 22,480 292,347
Ivate 3,418 1,900 3,618 190 9,126
Miyagi - 510 - - 510
Akita 460 300 - - 760
total 152,520 421,150 152,539 30,970
* Road vol.ll, 1968

"The damage of off Tokachi earthquake 1968"
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by Biichi Kuribayashi




