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Survey on Disaster due to the Tokachi-oki Earthquake 1968

(November 1970)

by Mineo Nagamori
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 1.
1968 Toxachi-oki Earthquake
by Tsutomu Terashima

Synopsis:

The main shock(M=7.9) and the aftershock(M=7.5), occurred in offshore Tokachi on May 16,
1968, caused the violent disaster in eastern Aomori prefecture and southern Hokkaido where earthquake
intensity was V (J. M. A. Scale), and tsunami attacked the Pacific coast of Japan (the wave height was
more than 2m). -

Disasters were found out in roads, earth dams, and railways constructed on the banking. Landslides
occurred remarkably in the area that had violent precipitation just before the shocks. The collapse of
reinforced concrete buildings looks like to tell us some defects on the structures from the ecarthquake
engineering point of view.

Offshore Tokachi and Sanriku have shown active seismicity, and an earthquake of M= 7 occurs
statistically once in akout 70 years. Moreover, from the recent data, earthquake intensity V (J. M. A.
Scale) has been felt once in 30-40 years in the area of eastern Aomori prefecture and southern Hokkaido.'

Violent precipitation just before the shocks is thought as secondary cause of the disaster of bankings
and landslides. The study of the dynamic behavior of the bankings containing plenty water should be
done actively, to reduce the disaster by such secondaryvcause.

Key words (Tokachi-oki Earthquake(1968), Earthquake Damage, Seismicify in Tokachi-oki and Sapriku-
oki, Characteristics of Earthquake Motion)
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Table 1 Data from seismograms of 1968 Tokachi-oki earthquake at Aomori meteorological

19684 TR Aub R S M A WG

observatory and Hachinohe meteorological station.

BHAZES YO/\FREFOBETHED DRAR ORI 19684E B EOFH

Station Intensity Time of g'g;i:‘:::i?nzr(;'f Ioitial motion Maximum Remarks
commencement | yromor Vertical Horizontal -amplitude
Aomori v 09h49m32. 2s 30. 1sec up w Obscure Scale out
Hachinohe v 09h49m24. 3s 16. 6sec up WsSw Obscure Movement
of the base -
\) g Number
60|~
9 1'\ /
v ﬁ' 4 50
i
1
il v
n’v v
{»W\\ //
v vy 100~
1@@
May 16. 1968
j\(- 19h38m57s (after shock)
w ¥y
\ M=7.5 36-
VoW
/
i }V
I 20l-
& /)IH 0
H v e -
1 1t
1 10 o
i /N
gl
/9 1l . ‘I\l:,[/(l .
[’/s ' ' 1 ' 1 1 : !
s 16 17 18- 18 20 21 22 23t
MAY
Fig. 3 Daily frequency of after shocks.
#AEHBEER

Fig. 2 Intensity distribution of after shock (M=7.5)
FRORESTHR

Table 2 Daily frequency of after shocks
196845 BEMubR DA ABPAER

Number of after shocks

May 16 56
17 54

18 15
19 14
20 7

21 9

22 8

23 3
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Table 3 Itemized list of damage at.each regional group in Aomori prefecture by 1968 Tokachi-oki

carthquake (The list is made up as of May 21, 1968)
19684 ISR X 2 FFRRL T O (196842 5 4 21 H 1THIZIE)D

g
LB o 2 2
Ele % E .% = g g" E k- ; = | o= £ g3 .?o:’ E % Total
SISIE| 2|2 B|E|a|x £ Q2|2 0|6 |2|&|% 2 |&
The loss The killed 5 4 9 17 6 41
of man Missing 1 1 2 4
power The wounded 15 20 8§ 3| 14 64 6 18 19 167
" Razed 5 23| 84 13| 23] 149 58/ 96 6| 458
Partially destroyed 14 160 20 91 147 126 138! 603 134! 438] 34| 1745
Washed away '
Damage of Burnt down 2 13 2 3 11
Half-burnt 1 2 2 5
houses Flooded below the floor 60 1 39 100
Inundated above floor level 110 35 145
Partially damaged 22 1 73591632979.3047) 51 16007
Non-dwelling 14 16 8 34 791200, 99 25| 45 1521
Rice Washed away and buried (unit: ha) 40 40 232 8 320
Damage of | g1 Submerged (unit: ha) 470 50 20 540
culivated
field field Washed away and buried (unit: ha) 1 4 5
Submerged (unit: ha) 8 8
Damaged part of roads 3 1 8 20 72| 5/ 100 58 19 86| 375
Washed away of bridges 6| 5 3 31 4 2 1 25
Breach part of banks 3 14 i 01 1 100 1 34
Landslide 2 1 1 g 10 24
Damaged part of railways 2 6 5 14 1 2 2 34
Damaged circuit of communication system
Washed away of timber (unit: m) 200) 200

Burnt forestry (unit: ha)
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Fig. 4 The position of towns sustained damage.
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The reservoir water was discharged by damage of the banking,
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Damage of rice field by damage of the banking of Hayagake-
numa pond. The flood by damage of the banking converted
the rice field into a temporary lake (near Hayagake-numa
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Photo 9 Landslip. A hill at the back
Sannohe town,
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Photo 10 Landslip. A hill at the back of Ken’yoshi
middle school in Sannohe town.
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Photo 12 Landslip. The playground of Ken’yoshi
middle school in Sannohe town.
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Photo 11 Landslip.A hill at the back of Ken'yoshi midd!e school in San-

nohe town.
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Photo 13 Landslip. The playground of Ken'yoshi middle school.in Photo 14 Inside of the school house of Ken'yoshi middle school in San- *

~ Sannohe town, nohe town, k]
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Photo 15 A hill on the eve of the landslip at Asamizu area in Gonohe
town,
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slip at Shoboji area in Hachinohe city.
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slip at Shitogishi area in Gonohe town.
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Photo 17 Landslip at Shobji area in Hachinohe city.
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Damage of reinforced concrete building (Misawa commercial
high school in Misawa city). Collapse in the immediate after
the earthquake,

SRTGHE B A OU, HRTE R R

Photo 22

4t

5 o% o ey F

Damage of reinforced concrete building
(Misawa commercial high school in Misa-
wa city). Enlarged photo of damaged join-
ing part between old and new school buil-
dings.
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Photo 23 Damage of reinforced concrete building (Misawa commercial

high school in Misawa city). Enlarged photo of the part of col-
lapse.
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Photo 25 Damage of reinforced concrete building (The government
building of Mutsu city). :
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#
Photo 24

Photo 26

Danr:age of reinfored éonérete building (Misawa commercial
high school in Misawa city). Inside of 1st floor of the school
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Damage of reinforced concrete building (Inside of 3rd floor of
the government building of Mutsu city). jrd
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Photo 27 A violent fall of a stone lanternon a top of a hill
area in Gonohe town. The direction of the fall is N26° W on the
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A violent fall of a stone wall of a shrine
in Towada city. The direction of the fall is
N20°E on the south.
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Photo

b . £ Gy AL
29 A violent fall of tombstones n f the river Ma-

bechi in Hachinohe city. The direction of the fall is scattering,
and the percentage of the fall is 60%.
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Table 4 Percentage of collapsed houses in Aomori prefecture.

HHETOREEHR
Area Percentage of razed houses to {ull Percentage of damaged houses to
number of houses full number of houses
Hachinohe 0.23 0.76
Misawa 0.22 0 sg
Mutsu 0.94 1.76
Gonohe 1.26 2.71
Sannohe 0.16 0.61
Noheji 111 3.30
Towada 1.25 3.79
Aomori 0.0085 0.020

percentage of razed houses to):(lhe number of razed houses‘)\< 100

full number of houses

the number of

the full number of houses /~

percentage of damaged houses to)__ razed houses
the full number of houses

full number of houses
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Table 5 Past main earthquake in Tokachi-oki and Sanriku-oki areas.

TR - SEEMOBLIEDE

Date Location M Remarks
869, Jul. 13| Off Sanriku 8.6 | Drowned persons: about 1000.

(143.8°E, 38.5°N) Great tsunami (Sanriku coast).

1611, Dec. 2| Off Sanriku 8.1 | Great tsunami (Sanriku coast).
(143.8°E, 38.2°N) Drowned persons: 4783.

1739, Aug. 16 | Southern Mutsu 7.1 | Many razed houses in Hachinohe and Aomori areas.
(142.3°E, 40.7°N)

1763, Jan. 29 | Southeast of Mutsu 7.4 | Tsunami (near Hachinohe).
(142°E, 40.8°N)

1763, Mar.11 | Near Hachinohe 7.4 | Many razed houses in Hachinohe arca.
(142°E, 40.7°N)

1763, Mar.15 | Near Hachinohe 7.1 | Tsunami (Minato village), many drowned persons and

horses.
1896, Apr. 15| Off Sanriku 7.6 | Great tsunami, the hight 25m at Yoshihama area.

(144.2°E, 39.6°N)

‘Washed away houses: 10617.
Drowned persons: 27122.

1897, Auvg. 5| Oft Sanriku 7.7 | Tsunami hight: 3m.

(143.7°E, 38.0°N)

1901, Aug. 9| Off Hachinoke 7.7 Loses: 18
Razed houses: 8
After shock at 10th with small tsunami.

(141.8°E, 40.3°N)

}in Aomori prefecture.

1933, Mar. 3 | Off Sanriku 8.5 | Great tsunami, the hight 24m at Ryori bay.

(144.4°E, 39.15°N)

Washed away houses: 4086.
The killed: 2986.

1952, Mar. 4 | Off Tokachi 8.2 | Very disastrous with tsunami in Tokachi,

(144.1°E, 41.8°N)

Hidaka and Kushiro areas.
Razed houses: 815

Houses partially destroyed: 1324
Washed away houses: 91
Houses burnt down: 14

The killed: 28
The wounded: 287
Missings: 5
1960, Mar.21 | Off Sanriku 7.5 | Slight damage in Iwate, Aomori and Yamagata prefectures.
(143.5°E, 39.8°N) Tsunami hight 81cm at Hachinohe.
1968, May 16 | Off Tokachi 7.8 | 1968 Tokachi-oki earthquake.
1968, May 16 | Off Tokachi 7.5 | After shock of 1968 Tokachi-oki earthquake.
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Table 6 Frequency distribution of earthquake in-
tensity at Hachinohe and Urakawa meteo-
rological stations (Hachinohe’s data: from
June 1936, Urakawa’s data: from June
1930).

NF - IR ERETOREOHAEAT (NFRE
BIek19364FE 6 A LI, WEBIRBTI219304: 6 ALL

BOTED
Intensit Hachinohe Urakawa
ensity July1936—1966 | June1930—1966
I 942 889
I 416 332
i 79 105
v 9 13
v 1 2
Vi ()} (i}

MEOBBICOVCGY, SEOMEREEOSRED
BB ZOERLEL LIS, Table? 1 v Fig. 6 »
bbb I, FHREBERIERCE-S L, Bl
CHELTCSROBKEREL TS, FHRTR I
3 HEl100mm Bl b, 3BERC X - Ci200mm Ll ok
K otce SEIOBERNAPEDEE L L OBEDEA
LAIEHET S0, BEER (BER) o&R
NOEFHRREHOBKICET 5 x OF % Table 8 i
ARL7, Tableg LTable?7 OEFHHOELHEL T,
SEDRENACNCSEh oMb b, & OBMBEER

Number
1000 @
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® A-Urzkawa
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Fig. 5 Frequency distribution of earthquake inten-
sity at Hachinohe and Urakawa meteorolo-
gical stations (Hachinohe’s data: from June
1936, Urakawa’s data: from June 1930).
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Table 7 The precipitation of each block in Aomori prefecture in 3 days just
before 1968 Tokachi-oki earthquake (from 09:00 May 12 to 09:00

May 15. 1968).

19684E-T- By afitb T LAY 3 B RO BHESBOREAR

(EEH?MSEIESHIZEI B
FHIN434E5 H15R 9F

lomton—22¢ |May 12| 13 14 15 Total
Oma 2 51 16 69
Ohata [ 85 31 122
Tanabu 2 68 43 113
Kawauchi 2 59 21 82
Wakinosawa 1 46 7 54
QOdanozawa 5 87 40 132
Yokohama 5 85 62 152
Rookasho 5 86 40 1 132
Noheji 2 79 39 1 121
Tenmabayashi 2 60 54 3 119
Kominato 2 62 23 1 88
Aomori 1 33 87 2 123
Kanita 4 42 36 2 84
Tairadate 2 34 9 1 46
Imabetsu 2 35 20 57
Kotomari 4 13 14 31
Shariki 5 19 19 43
Kanagi 2 24 25 56
Goshogawara 1 13 31 45
Ajigasawa 6 21 1 28
Fukaura 17 15 32
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Table 7 ©>3%

Date

lomtor—2¥e | May 12| 13 14 15 Total
Onizawa 12 27 39
Higashimeya 15 15 30
Hirosaki 11 25 36
Kuroishi 10 34 44
Ochiai 12 28 40
Ikarigaseki 5 25 10 40
Misawa 1 83 42 6 132
Momoishi 2 80 53 9 144
Hachinohe 2 89 59 13 163
Shichinohe 2 49 97 16 164
Sanbongi 1 56 102 32 191
Kozawaguchi 3 29 113 25 170
Konohe 64 117 30 211
Nakui 2 49 81 18 150
Sannohe 1 26 68 15 110
Tatsuko 16 45 11 72
Yasumiya 21 29 50
Oike 18 5 23
Matsudai 10 39 49
Nishimeya 18 18
Ichinowatashi 1 16 22 38
Namioka 15 53 68
Kizukuri
Nakasato 2 27 38 67
Nakaoguni 5 ‘37 38 80
Kamikitakozan 7 31 100 16 154
Chibiki 72 53 125
Horanai’ 46 103 149
Yakeyama 22 73 15 110
Iwayazawa 4 93 64 161
Sunakomata 79 45 124
Sai 38 49 87
Yamatoyama 4 60 150 5 219
Owani 30 18 48
Tomari 90 39 129
Herai 39 103 16 148

Table 8 Data for precipitation at Aomori meteorological observatory (after Rika-

nenpyo (1968)).

HHEFAREOBKCET 2EN (ERERmIMBERC L 5)

Items Period Remarks
The minimum precipitation of May 1931—1960 67mm
Yearly mean of precipitation 19311960 | 130Nmm
The maximum record of precipitation in a day | 1886—1966 188mm Aug. 22, 1935
of May
The maximum record of precipitation in a hour | 1937—1966 58mm Aug. 13, 1943
of May
The maximum record of precipitation ina 10 | 19371966 18mm Aug. 13, 1943
min. of May
Days of heavy rain for the past 10years in May | 1951—1960 2days
(more than 30mm of precipitation)
Days of heavy rain for the past 10years in May | 19511960 Odays
(more than 50mm of precipitation)
Days of heavy rain for the past 10years in May | 1951—1952 0days
(more than 100mm of precipitation)
Normal days of the weather in May 1945—1952
very clear days gdays

clear days Sdays

cloudy days 14days

rainy days 4days
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Fig. 6 Distribution of precipitation in Aomori prefecture just before the occurrence of 1968
Tokachi-oki earthquake (from 09:00 May 12 to 09:00 May 15, 1968).
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 2
Amounts of the Earthquake Damage and Geological Feature
by Eiichi Kuribayashi
Keizo Kuwahara

Synopsis:
Amounts of the Earthquake Damage

A total number of the earthquake damage due to the Tokachi-oki Earthquake 1968 was estimated by the
government of Japan as shown in Table 1. The severest damage occurred in Aomori prefecture, especially,
along the coast line aparted about one hundred and fifty kilometers from the epicentral area located N 40.7°
/E 143.7° off the coast of north part of Japanese islands along the west rim of the Pacific Ocean.

There was not so severe damage in Hokkaido almost aparted the same distance from the epicenter,because
of the difference of geological conditions andfor soil mechanical propesties of surface layers of grounds and of
the difference of the amount of rain falls before the shock between both these two districts which would be sug-
gested. A few of damage occurred in Iwate, Miyagi and Akita prefecture.

A total number of death was awfully counted as forty eight, disappears four,injured three hundred twenty-
nine and some fatally. About twenty thousand and five hundred lost their houses after the shock.

A total amount of the damage was estimated as about fifty three billion yen. Such serious damage broke
out on number of public facilities and private estates as shown in Table 2.

Concerning artificial and natural objects, except buildings, administrated by Ministry of Construction, for
example, national highways, provincial roads, river banks, dams, sea coasts and preservative facilities for na-
tural slopes in mouatain districts, the damage of these public facilities was reported as follows.

Several routes of the highway system in Aomori prefecture were closed during a full day after the shock,
any confusion however was not reported on traffic, because the Tohoku Regional Bureau of Construction Min-
istry and Prefectural Front Offices had directed simultaneously detours after survey on damaged districts, and
residents and tourists cooperated actively in the direction.

On highways, roads and bridges, such number and amount of damage was reported as shown in Table 3.
Damage occurred in bridges was not so fatal that traffic flows should be closed. The amount of the damage,
however reached about four hundred and twenty million yen. Serious damage occurred in embankments and
pavements. The amount of the damage, about two billion yen was recorded.

Meanwhile, an amount of damage in hydraulic facilities defined in Table 4 and land failures is estimated
in about two billion and a half yen.

Land failures mostly occurred in Aomori Prefecture because of such heavy rain fall that it had kept three
days just before the shock and scored from 100 mm to 200 mm extraordinarily. The loss of human lives mostly

* BEGRRERARER
* BIHLYSHANAZNRAN (TRAHRPERNAERRA)
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occurred because of the land failure, extraordinary rain fall and shock.
Geological Feature

Distribution of seismic intensities and damage caused by the Tokachi-oki Earthquake 1968 scems being
affected by such geological characteristics as the geology shown in Fig. 1. In such districts as subjected to
strong motion and damaged severely even aparted longer distance than others from the epicenter, Recentand/
or Pleistocene are exposed, shorter damage in Tertiary and a few of damage in Mesozoic and Paleozoic.

Fig. 2 shows the geological plofiles of Hachinohe and the throat of Shimokita peninsula in Aomori Prefe-
cture. The bed rock in the severe damaged area is Neogene tertiary covered with relatively thick Pleistocene and
Recent less about fifty meters thick. Where Pleistocene is almost exposed, the surface layer of tuff with pumice
and black tufferous humus shall be suggested to relate the failure of natural slopes as shown in Photo 1, Photo

2 shows the rupture of quartz-andesite lava in Pleistocene.

Almost all of liquefaction, cracking and settlements occurred in the district where alluvial clays and loose
sands sedimented in about fourty meters thick and the soil profile and standard penetration value are shown in
Fig. 3, Photo 3 and 4 show the liquefied loose sands and the damage of a hut by liquefaction, respectively.

D ge, Geology)
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Table 1 Numbers of Damage due to the Tokachi-oki Earthquake 1968
BEAE—E

27

'flsﬁof M:{y 27, 1968

— — S I?rf;[teg}tyidftrict Aomuori | Iwate | Miyagi iAkita :Saitama Hokkaido| Total
Human Death head 43| 2 I 2 48
life Disappeared head 4 l 4

Injured head 188, 4 1 2 2 132 329
Destroyad completely house 657i 2! I l’ii 676
Destroyed partially house 2,900 34’ X 49| 2,994
Housing Burnt completely house 11‘ ‘ 2 13
and Burnt partially house 5. ‘ 5
Building Submerged over floor house 10[)| 109. 1i 11 221
Submerged under {loor house 145| 144‘ | 19| 308
Damaged partially house 14,679 SZi 12‘ 710, 15,483
Non residence damaged house i, 521‘ 160 73 3 83 1,774
Rice | Sediment covered | ha 320: 1 } s 877
field Submerged ha 540 32 572

Farm 1
Others Sediment covered ha 5& 5
Submerged ha 8 8

Road damaged spot 375 16 2) 1 23 417

Bridge damaged bridge 25 25

Dyke damaged spot 34 3 2 1 40

Land failure spot 23] 9 6, 38

Railway damaged spot 34 1% ! 1 11! 58

Communication system damaged line 354 41 1 75, 473

Timber washed away m? 200 200
Ship Sunk sh!p 4 16! 5! 5 30
and Disappeared ship 20, 7 97
Boat Destroyed ship 5] 66 i 2| 126

Small boad destroyed ship 3 96 6 105

Number of household of calamity 4,061 273 1 140I 4,475

Number of calamity 20,451 1,351 6' 2 449I 22,259
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Table 2 Amounts of Damage due to the Tokachi-
oki Earthquake 1968

as of May 30, 1968

(unit; one thousand yen)

HeREwESE (REEE)

Item Amount
Road and River 5, 149, 247
Fishery harbour 763,835
Port and Harbour 2, 168, 800
Schceol and Facility 1,665,415
Farm yard 6, 306, 763
Preservation facility for land slide 4, 369, 550
Nursery for fishery 1,607, 025
Farm product 3,946, 786
Industry and Product 7,870,000
Communication facility 2,000, 000
Japan National Railway 13, 400, 000
Housing —
Others 3,900,590
Total 53,148, 011
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Table 3 Numbers and Amounts of Damage on Roads and Bridges

As of June 10, 1968
(Unit: one thousand yen)

ek JURBONEES JCEEH
\ Item Road Bridge Total
Administrative m spot amount spot amount spot amount
Hokkaido 63 319, 359 30 206, 176, 93 525, 535
L Aomori 818 1, 167, 060; 64 187, 770 882] 1, 354,830
frovincial | Iwate 41 34,178 3 19, 000 44 53,178
Miyagi — — 3 5, 100 3 5,100
Akita 4 4, 600, 1 3,000 /5] 7,600
Governmental subsidy 926 1, 525, 197 101 421, 046] 1, 027 1,946, 243
Government 111 969, 604 — —] 111 969, 604
Total 1, 037} 2, 494, 801 101 421, 046 1, 138) 2,915, 847
Table 4 Numbers and Amounts of Damage on Rivers, Dams and Others
As of June 10, 1968
Unit: one thousand yen
FN & F A XOEOMOFIBERROREENS TUETH
Item . .
: Preservation Protection
River Dam for land slide | of sea-coast Total
Administrative
Agency spot | amount spot | amount | spot | amount spot | amount | spot { amount
. Hokkaido 22 145, 361, — — 2 30, 400, 8 82,995 32t 258,756
Provincia .
Government Aomori 329; 1,343, 850 — — — — 5| 224,800 334 1,568, 650
Iwate 5 36, 180 — - — — 1 1, 900] 6 38, 080
Governmental subsidy;  356] 1, 525, 391 - —] 2, 30, 400, 14] 309,695 372 1,865,486
Government 33 509.200) 2 21, 966, 1 7, 000, 2| 23, 600 38/ 561,166
Total 389] 2,034, 591 2 21, 966 3 37,400 16 332,605 410 2, 426,652
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Fig. 1 Geological map of damaged area.
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Table 5 Stratigraphic succession of Damaged Arca.

HIHIR O PR
District Tohoku South-West Hokkaido
Geological Age Formation Igneous Activity Formation Igneous Activity
Recent Alluvial deposit Alluvial deposit
Quaternary Loam,
i ki Flood plane deposit Andesite & Basalt
Pleistocene Kamikita group Loam Marinepterrace %eposit
Neozoic Andesit
Neo- . . Chikagawa group e - ndesite
Terti. | £2NC Pliocene Miocene Shimokita group Shizunai formation Rhyolite
ary : N
Paleo- : . Azamizawa formation
gene Oligcene Palacocene Noda group Rhyolitic & Noge formation
Andesitic tuff
Kuji group .
Cretaceous Otanabe, Akegawa Rhyolitic tuff
Mesozoic formation Granite
Jura
Trias
Hidaka grou
Permian~Carboniferous group
Paleozoic Kitakami group Hidaka metamorphic
Devon~Silurian rock
Pre-Cambria
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 3
Strong Motion Earthquake Records

by Yoshihiro Oyamada

Synopsis:

During the main shock of the Tokachi-oki Earthquake 1968 occurred at 9:49 a.m. on May 16, 1968, using
the SMAC accelerographs by which observation records are administrated, collected and published by the
Public Works Rescarch Institute, sixty eight horizontal components of accelerations were recorded. These
SMAC accelerographs were mostly settled in such structures as the highway bridges and the grounds near
those bridges.

But the main shock were recorded by 40 SMAC-B2 accelerographs in 21 stations of 118 accelerographs.

Three component accelerations in the horizontal and vertical directions can be recorded simultaneously on
the stylus paper with the time indication by the SMAC-B2 accelerographs, the characteristics of which pen-
dulum are (1) 16 times in the geometrical magnification, (2) 12.5 gal/mm in the sensitivity on the stylus paper,
(3) 0.14 sec in the natural period, (4) 500 gal in the maximum acceleration which can be recorded, and (5) have
the critical damping with the pneumatic break and where the mechanical starter (100 gal in the sensitivity) and
the electric one (5 gal in the sensitivity) are used together. And the time which can be recorded at one shock
are three minutes by using the inside sources of electric power.

Figure 1. shows the observation network of strong motion earthquakes for highway bridges, tunnels,
dams and embankments.

Through the results of observations of the strong motion earthquakes in the main shock recorded with the
SMAC-B2 accelerographs mainly in the highway bridges and the grounds nearby those bridges, the following
facts can be reported. R

Figures 2. to 5. show the representative ground accelerations during the main shock which were recorded
at the ground surface near the Chiyoda Bridge, the Shinishikari-Ohashi Bridge, the Otanoshige Bridge and the
Horoman Bridge in Hokkaido prefecture.

Figure 6. shows the results of standard penetration tests at the construction site of the Shinishikari-Ohashi
Bridge.

Table 1. shows the maximum ground accelerations in the horizontal direction compared _with the seismic
intensity scale in JMA.

Table 2. shows (1) the maximum horizontal accelerations at the top of substructure of the bndg% and on
the ground, and (2) the ratio of the maximum horizontal response accelerations at the top of substructures
of the bridges to the horizontal ground accelerations near those bridges, including the type of superstructures
and substructures and natures of the soil.

The following facts can be obtained from the above mentioned data.

* BERRBEOSAENRR
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(1) The ratios of the structural response accelerations to the ground accelerations are less than or equal
to 2.0 in the 90% of the total numbers of the data, and the 509 of the total numbers of the data in the

range 0.5 to 1.5

(2) Considering those ratios from the natures of the soil, it scems to be that those ratios are higher in
clayay and silty soil, and less than or equal to 1.0 in sandy soil.

(3) In the longitudinal direction of bridges, in general, rnany data are in the range less than or equal to
1.0 in those ratios, and therefore it seems that the superstructures restrict the free vibration of the

substructures.

(4) Itis remarkable that the maximum horizontal acceleration at the ground mainly composed of fine and

medium sand layers near the Shinishikari-Ohashi Bridge showed 181 gals, while the epicentral distance

is even 300 km or more.

Key words (Observation of Strong Earthquake Motion, Strong Motion Accelerdgraph, Seismogram)
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Table 1 Maximum horizontal ground accelerations and JMA seismic intensity in the main shock
HuAR D KT IHEE & MGTRIE
N I(i: Ials'Si- Station Location m?gg:\lg} g:i[sﬁﬁc Not,
o nﬁz;:ger:- (Name of structure) ‘ accelerations intensity ¢
1 104 Shintonegawa Br. Saitama 15 gals I PWRI
2 106 Soka Br. Saitama 15 1L
3 112 Kinokawa Br. Wakayama 5 I
4 301 Yuhei Br. Akita 25 v
5 302 Kaihoku Br. Miyagi 13 111
6 303 Kahoku Br. Yamagata 20 1t
7 304 Date Br. Hukushima 6 v
8 310 Hirai-Ohashi Br. Tokyo 13 I
9 501 Tokyo Bay (Futtu Cape) Chiba 8 T
10 503 Tokyo Bay (Kannonsaki) Kanagawa 5 1
11 901 Chiba Branch, Public Works Chiba 15 1
Research Institute
12 902 WNishiarai Br. Tokyo 18 1
13 903 Showa-Ohashi Br. Niigata 10 1
14 905 Ochiai Br. Nagano 8 11
15 906 Kashima Branch, Public Works | Chiba 5 I
Research Institute
16 907 Hirai-Ohashi Br. Hukushima 25 v
17 1301 Civil Engineering Research Hokkaido 38 v
Institute, Hokkaido Develop-
ment Bureau
18 1302 Chiyoda Br. Hokkaido 45 v
19 1303 Shinishikari-Ohashi Br. Hokkaido 181 v
20 1304 Otanoshige Br. Hokkaido 47 v
21 1305 Horoman Br, Hokkaido 78 A\
22 S Muroran Hokkaido 209 v PHRI
23 S Aomori Aomori 213 v
24 S Miyako Iwate 118 v
25 S Akita Akita 33 v
26 S Sakata Yamagata 27 I
27 S Kashima Chiba 16 I
8 S Shinagawa Tokyo 9 JiL
29 S Keihin-Kozizimushyo Kanagawa 15 11
30 S Niigata Niigata 15 111
31 S Hachinohe Aomori 235 v
32 S Kushiro Hokkaido 36 v
33 S Otaru Hokkaido 17 v
34 S Onahama Hukushima 9 v
35 S Keihin-Yamashitahuto Trans- Kanagawa 6 1L

former Station

- Remarks; PWRI and PHRI show that the strong motion earthquake records were collected and published by

the Public Works Research Institute, Ministry of Construction or the Port and Harbour Research

Institute, Ministry of Transport. Br. and Pre. show bridge and prefecture.

(4)



(s)

Table 2 Observed maximum horizontal accelerations of the bridges in the main shock
AR I BHGRO KR

Numbers of e
. Longitudinal Transverse
Classi- Name Length Type Type Nature accelero- . b
No. | fication of of of of of graphs Location accelerations accelerations
number bridges bridges | superstructures substructures soil GlalP G S P G S 8
1 104 Shin~ 654m | continuous box | pile, caisson sandy clay, 1 1 [Saitama 15 20 [1.33] 13 10 10.769
tonegawa gd., plate gd. : medium sand prefecture
2 106 Soka 176 cgntinuous plate | footing clayey soil 1 1 |Saitama 10 10 | 1.0 15 18 1.2
gd.
3 112 Kinokawa- 747 continuous box | pile, well silt, silty 1 1 {Wakayama 5 —_ -— 5 e
Ohashi gd., plate gd. sand
4 301 | Yuhei 456 Warren tr., well gravel 1 1 |Akita 23 9.5 0.413 25 | 12.5 0.5
composite gd.
5 302 Kaihoku 285 continuous box | footing, pile, soft rock, 1 1 [Miyagi 8 30 [3.75| 13 25 |1.92
gd. caisson silt
6 303 Kahoku 441 composite gd. pile, well gravel 1 1 [Yamagata 18 —_ — 20 el
7 304 Date 288 continuous well gravel 1 1 |Hukushima 6 35 |5.83 6 30 |50
Warren tr. ]
8 310 | Hirai- 622 composite gd., pile, well sandy silt 1 2 [Tokyo 13 | 20 |1.54] 13 | 13 |10
Ohashi Czjerbcr grill box
gd.
9 902 Nishiarai 445 composite gd., pile, caisson sandy soil 1 2 |Tokyo 18 13 |0.722] 13 5 (0.385
Gerber gd.
10 903 Showa- 306 plate gd., pile sandy soil 1 1 |Niigata 8 10 [1.25] 10 13 1 1.3
Ohashi composite gd,
11 905 Ochiai 948 Gerber gd., pile, well silt, silty 2 1 [Nagano 8 13 | 1.62 5 10 | 2.0
plate gd. sand
12 907 Taira- 141 plate gd. footing, pile Kanto Loam, 101 Hukushima | 23 8 10.348 25 15 [ 0.6
Ohashi coarse and
fine sand
13 1302 Chiyoda 706 reinforced conc- | well gravel, 1| 1] 1 [Hokkaido 44,5 43.8, 0.984/ 31.5 36.3/ 1.15
rete gd., Warren silty volcanic
tr. ash' 77.5 1.74 50 |1.59
14 1303 Shin- 917 composite gd., pile, well fine and me- 1 Hokkaido 181 — — {175 - | =
ishikari- Langer gd. dium silty sand
Ohashi
15 1304 Otano- 220 composite grill pile coarse and’ 1 1 Hokkaido 47 44 | 0.936/ 33 45 | 1.36
shige gd. fine sand
16 1305 Horoman 140 prestressed gd. well gravel, rock 1 1 |Hokkaido 77.5 72.5 0.935 52 90 | 1.73

Remarks; G, A, P, S, 8, gd. and tr. show ground, abutment, pier, structure, ratio, girder and truss.

SR G ERNE--896T
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Chiyoda Bridge
May 16, 1968, 09 : 49
,l.s_efl The Tokuhioli Eorthquske .
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200L-
Fig. 2 The observed horizontal ground accelerations near the Chiyoda Bridge.
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Shinishikari-ohashi Bridge
May 16, 1968, 09149
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Fig. 3 The observed horizontal ground accelerations near the Shinishikari-Ohashi Bridge.
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Otanoshige Bridge
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Fig. 4 The observed horizontal ground accelerations near the Otanoshige Bridge.
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Fig. 5 The observed horizontal ground accelerations in the Horoman Bridge.
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 4
Damage on Dikes and Revetments

by Masahiro Yabe

Synopsis:

Failures of dikes and revetments of the rivers were mostly observed in the east part of Aomori Prefecture,
and general trend will be summarized as follows.

1) The dikes on soft foundation, especially built on flood-plain deposits in consequence of river improvement
work, failed more seriously.

2) The failure modes are the local settlement and general collapse of the embankment due to differential
settlement with the longitudinal cracks on the crest. Slide failures were rarely seen.

3) There is no evidence of failure or heaving of the foundation.

4) Revetments slipped down along the slope without severe failure of the rear embankment.

5) A few sand boilings were found near the toe of the dike.

6) The higher and the recently constructed dikes were extensively damaged.

7) Most of damaged dikes are made of sandy volcanic ash, which is rather loose and has low shearing
resistance.

8) Heavy rainfall immediately before the earthquake would have caused the failure of the dikes.

Although it is easily supposed that failure is closely related to soil conditions, no further discussion can be
developed, because soil data are not available for the damaged rivers.

The River Mabechi the most important river in this district, also suffered from the earthquake, although
the damage is rather slighter in comparison with any other rivers.

After the earthquake, soil investigations were conducted at both damaged and undamaged area. Subsoil
consists of such three layers as the upper cohesive soil, sand and the lower cohesive soil. However, the soil
stratification is so erratic that the presence and the thickness of the cach layer vary from place to place. Owing
to complexity of the foundation and limitted numbers of soil survey, it is difficult to find correlation between
earthquake damage and soil fype or sounding results.

Followings may be pointed out concerning the physical properties of the soils of the River Mabechi.

1) Dike materials of undamaged area contain finer particles more in amount.

2) Some sand specimens of damaged area have the gradation (D,=0.2mm, D,,=0.05mm, U ;=3.5) similar
to that of Niigata sand which was subjected to liquefaction. In general, however, sands of the River Ma-
bechi are coarse sands with or without gravels.

3) The upper cohesive soil of damaged area contains more silt fraction.

On the dike crest and the ground surface at landside, micro tremor measurements were carried out by the
Civil Engineering Department of Tohoku University, and the results indicate that, in the damaged arca, the
dominant period of micro tremor at the dike crests is not greater than that of ground surfaces.

Key words (Tokachi-oki Earthquake (1968), River Embankment)
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Fig. 6(1) Results of Swedish sounding test (No. 1

damaged area)—River Mabechi
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Table 1 Soil group symbol by unified soil classification system—River

Mabechi
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Dike material
Upper cohesive soil
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Lower cohesive soil
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Table 2 Data on the dike material—River Mabechi
kLo R (BEID
Damaged area o Undamaged area

No. 1 No. 3 No. 2 No. 4
Natural water content 1wn (95) 36.933.3]21.8(28.932.1]20.2(52.7(47.3
Bulk density 7 (glem®) 1.56, 1.93 1.69, 1.42: 1.8 1.69; 1.67; 1.74
Unconfined compressive strength qu(kgfem?) 0. 245 — - —i 0. 624] ————| — ———
Cohesion c(kglcm?) TZZ —1 0.12% 0.24% 0.32 0.13% 0.26 E
Angle of shearing resistance ¢(deg.) 21.0 — 315* 22. 8% 290 30.0% 22.5 240—
Optimum moisture content wopt (95) 21.2 22.4 220 | 36
Maximum dry density Tamax(gfcm?®) 1.65 1.54 1.62 | 1.32

¢ and ¢ were determined by consolidated—undrained triaxial test, except those asterisked, which were

obtained by unconsolidated-—undrained direct shear test.

PRBNTDTHS S o

Table 3 13 5EH0EY FIREMELRE © HFEEH Y &
WBich DTHLNF —F Pl T, HELOMEY
S THE X TEIL,

MEEOBERTE T3 B>t » T 163mm OERIA S
b, 2o 5 AH R 115mm O AREEINTHBH T
b, BHEEEEKRE > TERENEL o THA
BAMNEAS L, BANKI VI I BIEL 3 < e
ST Z LA BEHEO—DOFRREELZOLND THH
50

(3] EBHHOICHESR

TR S, BEoLAF—~Fiae il

BRI TL O LT, FTOBEERLAL
BRAEOHLHELN L THEDEREFHLMNT TS
ol CHEE AL FORRERARC RV
Ll otce o T, B PEOBEEYRIHTHIO
R4 & L CHEME s L o RmE coBRHMEI OB
HEHEIN, BEAKEI NI 200m BEKE
b C 101 A CHERMRAOPR LT E T
TEBELT5, F—BERORE 2 EOFIGED 2
HCERICBEAIIE OFEERE L TE L T oS RM
ST A BB ERT L AR E A KR L C Fig. 9
KTe COBRNIDVLDH T LI, HEOLSIERH
CIHRTEIC BT 2RI ERE o S E s aZEmo Th

Table 3 Data on upper layer cohesive soil of the foundation—River Mabechi
PR 1 EREEYE 1 oo SRR (EEID

Damaged area Undamaged area
(Undisturbed sample)
No. 1 No. 4

Natural water content 1wn(96) 33.4 47.5 41.0

Bulk density 7e(gfem®) 1.82 1.68 1.64

Unconfined compressive strength ¢y (kg/cm®) 0.717 0.952 1.67

Cohesion c(kgfem?®) 0.2 0.45 0.62
M“Angle of shearing resistance & (deg) 28.2 19.0 19.0

Preconsolidation pressure Do(kg/cm®) 3.0 2.2 1.9

Coefficient of compressibility Ce 0.324 0.364 0.292

Coefficient of consolidation C o (em?fsec)] 1.1X1072~1.7X 107% 2. 6X 1073~5.3X 1073 4.9X107*~1.7X107*

Coefficient of permeability k(cmjsec) |1.0X1077~2.6X1079 3.2X107%~5.3X 1077 6.0X107°~1.1X 107®

¢ and ¢ were determined by consolidated-undrained triaxial test.

(12)



1968 4EH BRI T AR 5

EELVALDWGIPIVEV 3 2 L6, Fisg@E I
SETHE LD, HOEAUDKEENA TS
HHBBRETNRETHD 5.

FUTC, ERLEROBRYIET B LeRMCHR
OFHEBBENREL, BRREL Y V74 VI8
RS R D LAEROTIAES O BEE N AREF (i

s
1.4} (o]
1.3)-  Right Bank

1.2]- .
11f- o]
1.0
0.8]-
0.8}~
0.7§~
0.6f-
0.5
0.4|-
0.3} @™
0.2]-

0.1} ® Undamaged Area

Dominant Period of Dike Crest jn sce,

O Damaged Area

t v v _ v [ N ) CRE A |
YT0.170.2030.4050.60.70.80.91.01.11.21.31.41.5

Dominant Period of Ground Surface in sec.

Fig. 9(1) Results of micro tremor measurements at
River Mabechi

ERHREUESE (BHID

.10
0.9]- Left Bank

0.7+
0.6~

0.8}~ ] |
!
o

0.4}- [}
0.3f- @ o
0.2~

© Damaged Area
0.1}~ ® Undamaged Area
: ]

Dominant Period of Dike,Crest in see

R o

" 01020304050860708091.0
Dominant Period of Ground Surface in sec.

Results of micro tremor measuaréments at

River Mabechi

EREBBATER (BHEID

Fig. 9(2)

W, HiENo 1, 2KIEPEESSVENIEE -2
BREALAH, 43 No.3, 4ICiRHEVET 1B
e, HtELR b BRI ST NHAVIIW) D
T, BREMORZVE o LEE AR V- EhE T
HHEVCHIHEL TCEDHL ) ThSD,

3. ¥ &=

TR 35 X O OB OV TENT5 L KD X
il LA Do

(1) BKESHAE LooiRB, ERCHENS L,

(2) #3532 0x 5 kBPEROKILUK LSS
W IBTHOMEI L0 & 5 S HEHL— X TREER
T, BAKBERONE VS DTh oAb LT
Mhaoile

(3) WEMON Y OEOBFEISEEOR AT
HETIVTC, BEO—0DFRE - H 2 bR
%o

(4) EBiopSEoOMER LAV TEL,
Bl <) bbb BFAMTDIELE D AR
o, EROBEHIIT vy 7 ST RDELLTYESR
AN

(5) FepbikopE, v—vr 7 ikl PO
Wb Cholko

(6) RECHTHHFHES OB AN A BERE D
FhE Y AAIVWETICEENEE TS,

LE BT - & L EREEORES R ERER

AR HE R THEHBRTL DIREEL TV iivi, i
HEwET 5.
2 £ X A&

1. FEEARE CHErhEng AdtbRlERs
o) 196942 A

2. BHAERTIEHN, HELERERAETE
FINEEERT AR EREE ] 1968F11A

3. BBRAEGTHERD, HIAFELRTFH 15N
NUEB O FE BRI EREH ] 19684124

4. SEEFENEGEESE M EETRERa
W1 19655 1 A, IUBE

(13)







1968 4F - b5 M #h 52 ¢ &

%

e

S5/ FArBRELE-gE

P

B 5

Survey on Disaster due to the Tokachi-oki Farthquake 1968

Chapter 5

Influences on Dams

by Toshio Iwasaki

Synopsis:

After the shock of the Tokachi-oki Earthquake 1968, six dams located in the adjacent area of the
strong motion district were surveyed in Tohoku region. Slight damage was observed in threc dams of the

six.

In this report the damage is compared with a typical pattern of the damage experienced during past

earthquakes.

Key words (The Tokachi-oki Earthquake 1968, Dam, Damage)
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Table 1 Results of

FRERHA
Properties of dam
Dam River Type Height Length Slope Water
(m) (m) Up-stream| Ett;:avz?m level
inok Gonoe Earth 37.0 121.0 1:2 {1:1.8 |Nome
Ninokura (5.0in May ~1:2.0
of 1968
Kumahara | Concrete gravity 27.5 141.011:0.08 |1:0.8 Nearly
Natsusaka {Mabechi) full
Appi Earth 22.0 155.0{1:2.5 |[1:2.0 |None
Arasawa Shirasawa ~1:3.00 ~1:2.3
No. 3 (Mabechi)
A Appi | Rock 38.0 157.7{1:1.3 1:1.3 | None
rasawa (Mabechi)} 15.0 at left
No. 1 3. 0at right
in May
of 1968  /
® Kitagami concrete 55.8 480.011:0.06 |1:0.8 Nearly
Shijushida conposite full
Earth 24.5 1:1.5 1:2
. Minase Rock 65.0 220.011:1.3 |1:1.4 | Nearly
Minase (Omono) full

4

Fig. 1
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Magritude” M7.9
h =20k

@ Arasawa No.3 Dam
'@ Arasawa No.1 Dam
5 Shijushida Dam
‘® Minase Dam

£1 (The writer did not make

a field survey on ®)
0 100ka

BAELIF A

Temtebetdad

Location of dams surveyed.
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survey on dams
EHR
Year of Remark
Foundation . Administration Damage
completion Epicentral
distance
Tuff, Sandstons 1970 Aomori Pref. None Under
Shale, Mudstone (expected) construction
(220 km)
Green tuff 1966 Aomori Pref. None (wave (10cm) in reservior) (220 km)
Liparite, Tuff 1960 Iwate Pref. Hair cracks on down-stream surface (240 km)
(Width 1cm, Length 20m)
small swelling of down-stream surface
Tuff 1960 Twate Pref. None Under
(expected) construction
(240 km)
Green Tuff 1968 Ministry of Slight settlement in earth bank Earthquake
Construction gi%o]r(%)
(upper) 1963 Akita Pref. Slight movement of rocks at the top Seismograph
River deposit and constructed (tess than 1 cm) 16?6"]1\‘:2)
volcanic ejecta g¥ (lj\gllfsltslfurg_ Falling of surface rocks near the top
(bedrock) tion (about 10 rocks)
Mudstone

1, Photo 3t A HNB X S ICEX1M, HRE 5 &
37°~38°Dn v 7 Btk D HEATE S - a3, FmEE
AL EEL TV,

—J, mpmEs s (Photo 4) Tlx=v s Y—th &
7 —ZADOREASEMNHL LB LABEIND, BT
HEL 3 BERREEL TR,

SEOBBCH TR EROZ L, FARBLTH
HLichhbhoBEORE i T < e
sice UL, R GG ZEL, T—RY
ACRLT A EEHORBGERRY PO SEEL
1o Tiebb, BEMFOEEROHERE L SR
S, SEBRI@RVWLEOOREE, BHllorhic
OV LOOEE, ¥ -RERABSOTHRENC®
DFERARLII,

7 4 WE A4 FOREHIT 5 LR OI0HE OBER
ZTRENBETDCLERLAHB L CEEBELERD
DTV Z ERSHOBERH L V2 X 5,

3. YalslrauBEEan

SRl C NI a:iy= R ic] s PN s 2 777 T e
I o CHERREBEAREIRCE Y, SEORERC
B BIRAABORIIEESBRE X e, HEREN
534 & o e A TH CORKINEES & ORI ol
% Table 2 IL5RT, & OHEBE O WIERREH
CEUINARAERN L B2 ¥E L, MRS A
OEEHEEPN T 30zl GREJTED, =7 U — MEE
DT C 30~33gal (REIHF), 65~70zal (SEEAE
FHED, T —ARGREMNE CR0zal RETIF), 93
gal GRENEANFA) CThoio

—%, SKERO¥ES Acd, BEHAREINTE
Y, SEOBTREIEOLNILERRTLH S,
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Table 2 Earthquake records at Shijushida Dam* (Triggered at 9:49 a. m. May 16, 1968)
——Maximum accelerations (gal) and periods (sec)—
PP & AR 5 MR R GRANEE) (4345 H16H - 9RHOSERL), ( ) WEH

—— Direction

— Dam axis (X) Transverse (1) Vertical (Z) - Remarks
Location | N 84> w N6° E
Bedrock at left bank of 30. 2gal — — EL. 147.5m
river, 1 BL (A) (0. 435e¢) (the elevation of the top
of dam is EL. 174. 0m
Concrete portion 30. 3gal 70. 7gal — EL. 172.00
6 BL (B) (0. 13sec)
Concrete portion 33. 2gal 64.9gal 19. 2gal EL. 170.75
18 BL (C) (0. 10sec) (0. 22sec)
Earth portion (D) 39. 8gal 93. 1gal — EL. 172.30
(0. 19sec)
Bedrock at right bank not installed yet EL. 161.40
of river (E)
Direction
T E-W N-S Vertical Remarks
Location |
Morioka Meteorologi- 20. 5mm 22. Amm 24, 5mm Single Amplitudes by Strong
cal Observatory** (4.8se0) (4. 3sec) (5. 3sec) Motion Seismograph

*  From the record obtained at Shijushida Dam Construction Office
**  From the record obtained at Morioka Meteorological Observatory

Photo 4

Shijushida

Dam
WmEEHC X HEE O REH RO HE S A
— ROBAS A THRM34ES A18RIBED

(5)
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 6
Damage to Highway Embankments and Pavements
by Yasushi Sasaki

Takashi Tijima

Synapsis:

Failures of road embankments and pavements took place mostly in the eastern part of Aomori prefecture.
Most of the damage took place at a number of spots along three routes in this region, national highway route
4, route 45 and route 104, which are located in the eastern part of this prefecture.

There was a special feature of the damage on road facilities caused by the earthquake: most of the damage
was the slip failures of embankments and following failures of pavement while there were few other types of
damage to road facilities. This feature has been pointed out over and over in many investigation of past other
earthquakes, and is considered to have brought out again the weakness of the road embankments against
earthquakes.

The damage observed is classified into four types: (1) settlement of shoulders and partial failure of em-
bankment slopes, (2) slope failure of embankments, (3) depression at top of road embankments, and (4) set-
tlement of approaches to bridges.

The total number of damage was 109 sections and the number of closed sections were 14, although these
closed sections were repaired temporarily in one or two days after the earthquake. Almost all the road damage
were the slip failures of embankments which had been constructed on weak and soft foundations near the
mouths of valleys. And these embankments had been constructed mainly of a sort of volcanic ash deposit,
which was classified as sandy loam.

The main.reason of the failure is considered to be in the weakness of the embankment material against
the water and the liquefaction of the material caused by the seismic motion. The material does not seem good
for road embankment because the particles are crushed to smaller particles by compaction, and the change in
density due to compaction is relatively small. The natural density of remaining embankments was only about
75 per cent of the maximum density, while the natural water content was within 10 per cent higher than the
optimum water content.

The triaxial and unconfined compression test result on undisturbed samples shows that the strength of the
material is easily affected by the saturation degree. Considering that the area, where the damaged roads were
located, was nearly the same as the area where much rainfall had been observed, the decrease in strength of
embankment materials by rain is considered to have had an important effect on the damage.

The fact that almost all the damaged embankments were founded on soft ground also indicated that the
amplifying effect of ground motion by the soft foundation had a great importance to the damage. It should
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be noted that no discontinuity in stratification of the foundation soil, which suggested the possibility of base
failures, was obszrved anywhere by Swedish sounding or boring after the earthquake.

Finally, although the embankment materials have greater coefficients of uniformity than those materials
which tend to liquefy easily during earthquakes, considering the loose and saturated condition of embankments
near the slope surface, there was a possibility of liquefaction of the materials. The failures of embankments
by the earthquake were of such different type from the usual base failures that no heaving of the ground was
observed and the embankment material was carried so far away. These phenomena suggest the possibility of
liquefaction in this case, too.

Key words (Tokachi-oki Earthquake (1968), Earthquake Damage to Highway Embankment, Liquefaction Phen-

omenon)
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Table 1 Main places of damaged road
HEMT GIE) okdhido

Route number

Place name

General feature

National highway Route 4

Sannohe Town, Metoki
Sannohe district, Asamizu
Towada City, Ipponmatsu
Towada City, Denpoji
Towada City, Miyukibashi
Towada City, Chaya
Shichinohe By-Pass

Tenmabayashi Village, Tsubo-
hashi

Tohoku Toiwn, Chibiki
Noheji By-Pass
Hiranai Town, Numanodate

Slope failure of embankment

do.

do.

do.
Settlement of road near the abutment
Slope failure of embankment

do.

do.

do.
do.
do.

National highway Route 45

Hachinohe Town, Odasaka
Hachinohe Town, Hebihashi
Hachinohe Town, Jieitai
Hachinohe Town, Shiribiki
Shiroishi Town, Takayashiki
Shiriuchi Bridge

Slope failure of embankment
do.
do.
do.
do.
Settlement of piers of bridge

National highway Route 101

Goshogawara City

Slope failure of embankment

National highway Route 104

Hukuchi Village, Kenyoshi
Hukuchi Village, Kitatakaiwa
Shichinohe City, Kushibiki

Slope failure of embankment
do.
do.

Provincial road Aomori-
Towada

Towada Town, Oirase

Falling of cliff

Provincial road Misawa-
Towada

Misawa City, Hamamisawa

Horizontal Movement of embankment

Provincial road Mutsu-
Oma

Mutsu City, Dedo Bridge
Mutsu City, Sekine

Settlement of road near the abutment
Cracking at road center

Provincial road Mutsu-
Noheji

Mutsu City, Ohmurodaira
Kamikitagun, Yokohama
Kamikitagun, Mikonuma

‘| Hayagake-numa, Kendo

Slope failure of embankment

Depression at road center
do.

Drift away of dike

Provincial road Hachinohe

Gonohe Town, Toyomanai

Cracking at road center

Provincial road Hachinohe-
Noheji

Misawa City, Hanazono
Misawa City, Komasawa
Misawa City

Cracking at road center
Drift away of road
Slope failure of embankment
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Fig. 2 A general figure of plane and section at the

damaged place.
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Fig. 19 Factor of safety of the embankment under
static condition.
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Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 7
Earthquake Effects on Highway Bridges
by Iwao Yoshida

Yoshio Adachi

Synopsis:

There was much interest in an effect on highway bridges by the Tokachi-oki Earthquake. A survey on
damage to 79 bridges, whose length exceeds 20 meters, was carried out in the eastern parts of Aomori
prefecture immediately after the Tokachi-oki Earthquake.

The kind of damage and its number are shown in the following table.

Fall of
< Move- [Deform-|{ Settle- | Incli- Buckl- protection
Damage Failure ment [|ation ment nation | ing Crack covering
of concrete
Main girder 7 1 2 2 1
Damages to | Pavement 2
super-
structures | Handrail 2 1 1
Shoe and its
fixed mortar 4 7 4 3
Abutment 6 6 4 14 4
Damages Pier 3 1 3 3
to sub- -
structures | Foundation
Ground 1 1
Embankment in
contact with 2 3 2 2
abutment
Damages to
approaches | Embankment 1 4 3 1
Retaining wall
and revetment 3 n 1 n

From this table, it does not seem that the earthquake brought severe damage on bridges, except on

approaches to bridges.
Damages to superstructure were mainly the movement of main girder and failure of shoe inclusive of its

fixed mortar. As for damages to substructures, pile piers surely suffered damage, and the abutment was

AHEREEELAHRIE IR, MUSRRBENNRAER
SREGRBLAETRETERR
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pushed out towards the river at the Noushi Bridge. The design methiod of pile piers must be reconsidered
concerning deformation during earthquakeé, and the latter was clearly lack of lateral resistance. There was
damage on approaches to 41 bridges. It was caused that the stiffness of approaches is less than -that of
bridges. :

Key words (Highway Bridge, Survey on Earthquake Damage, Earthquake)
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List of surveyed bridge
No. Surveyed bridge No. Surveyed bridgz ‘ No.! Surveyed bridge
1 | The Nishitago Overbridge 27 | The Miyuki Bridgz 53 | The Shinohhashi
2 | The Hugane Bridge 28 | The Kirita Bridge 1 54 { The Deto Bridge
3 | The Seigan Bridge 29 | The Taisyo Bridge 1 55 | The Ohhata Bridge
4 | The Ohgon Bridge 30 | The Horyo Bridge | 56 | The Matsunoki Bridge
5 | The Sumiya Bridge 31 | The Hirose Bridge I 57 | The Mihogawa Bridge
6 | The Hurumaki Bridge 32 | The Shichinohe Bridge 58 | The Zyonai Bridge
7 | The Akaishi Bridge 33 | The Shinkawahara Bridge 1 59 | The Nohegi Overbridge
8 | The Takase Bridge 34 | The Hakuyo Bridge 60 | The Narusawa Bridge
9 | The Nakui Bridge 35 | The Akagawa Bridge 1 61 [ The Nohegi Bridge
10 | The Hukuda Bridge 36 | The Hutatsumori Bridge 62 | The Horisashi Bridge
11 | The Bohshioka Bridge 37 | The Sadoro Bridge 63 | The Shimizugawa Bridgs
12 | The Kushibiki Bridge 38 | The Takase No. 1 Bridge | 64 | The Raiden Bridge
13 | The Ohhashi 39 The Takase Bridge for 1 65 | The Kominato Bridge
14 | The Shiriuchi Bridge Farming 1 66 | The Yamaguchi Overbridge
15 | The Takitani Bridge 40 | The Takase No. 2 Bridge | 67 | The Umayaziri Bridge
16 | The Hakkei Bridge 41 | The Uchinuma Bridge | 68 | The Nonai Bridge
17 The Naganawashiro 42 | The Takakake Bridge it 69 | The Tsutsumi Bridge
Overbridge 43 | The Osame Bridge 70 | The Myoken Bridge
18 | The Minato Bridge 44 | The Umakadogawa Bridge 71 | The Komagome Bridge
19 | The Shinminato Bridge 45 | The Oibe Bridgs 72 | The Tsutsui Bridge
20 § The Hakugin Bridge 46 | The Mutsu Ohhashi 73 | The Utou Bridge
21 | The Shinohhashi 47 | The Noushi Bridge 74 | The Asahi Bridge
22 | The Ichikawa Bridge 48 | The Akasaka Bridge 75 | The Aoyagi Bridge
23 | The Koun Bridge 49 | The Ohta Bridge 4 76 | The Ishimori Bridge
24 | The Kaimei Bridge 50 | The Ohhashi 77 | The Hurukawa Overbridge
25 | The Shimoda Bridge 51 | The Uchida Bridgs 78 | The Shinnagatomi Bridge
26 | The Mutsumi Bridge 52 | The Ebigawa Bridge 79 | The Daisyaka Overbridge

Fig. 1 Map of Surveyed Bridges
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Table 1 Kind of Damage and its Number

AR TR
Damage Failure Movement | Deformation | Settlement | Inclination | Buckling Crack gg\l/l:r?rigpg?'mc‘g;%?efe
Main Girder 7 1 ’ 2 2 1
Pavement : | i 2
Damages to
superstructures Handrail 2 1 1 t §
o0
Shoe and its 7
Fixed Mortar 4 7 4 3 g
Abutment 6 6 4 14 4 S
- i
Darages to Pier 3 1 3 3 %r:
substructures " Foundation ‘ 5}
2t
Ground ‘ 1 1 ﬁ%
Embankment in i
Contact with 2 3 2 2
Abutment
Damages to
approaches Embankment 1 4 " 3 1
Retaining Wall
and Revetment 3 11 1 1
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Photo 15 Crack due to settlement of Embankment
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Survey on the Disaster due to the Tokachi-oki Earthquake 1968
Chapter 8
On the Tsunami and the Disaster of River and Coastal
Structures due to the Tokachi-oki Earthquake 1968
by Masatern Tominaga
Kunimatsu Hoshihata

Tadahiko Sakamoto

Synopsis:

The Tokachi-oki Earthquake generated a fairly large tsunami. The tsunami attacked the north Pacific
coast of Japan, which had been frequently attacked by large tsunamis.

At Hachinohe Port, the first tsunami motion was observed in the form of rapid ebb tide at 10:16 a.m.
The tsunami completely faded away within a day after the shock. As shown in Fig. 7, the maximum heights
of tsunami atove the normal tidal level were more than one meter along the north Pacific coast of Japan.
The maximum height recorded was five meters near Hachinohe. But the western Pacific coast of Japan
was slightly affected by this tsunami.

The periods of the tsunami were from 15 to 25 minutes as shown in Table 3. These periods are
rather shorter than those which were recorded to be 40-70 minutes of the tsunami causing the Chilean
Earthquake 1960. And these facts accordingly indicate that the tsunami was generated in the vicinity of the

north Pacific coast of Japan.
Depending on tidal observation records, the first tsunami motion took place in the form of ebb tide along

the coast between Kuji, Iwate Prefecture and Cape Erimo, Hokkaido and along the other coast it took place
in the form of flood tide. The phenomena suggest an interesting fact as shown in Fig. 8 that near the: focus
the sea bottom which faces the coast between Kuji and Cape Erimo subsided and the sea bottom which faces
the other coast upheaved at the beginning of the earthquake. These were very rare and interesting records.

The damage caused by the tsupami was not so much that the scale of the tsunami was fairly large.
The reason is as follows.

(1) Fortunately the tsunami in maximum height occurred during the low tidal level. If it had occurred
during the high tidal level, the maximum height of tsunami would become one or two meters higher than the
recorded height. '

(2) The north Pacific coast of Japan was protected by sea-walls and tsunami breakwaters, which had
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constructed after suffering the heavy damages by the Chilean Earthquake tsunami in 1960.
For example, on the occasion of the Chilean Farthquake tsunami, Ofunato, Iwate Prefecture was

inundated as shown in Fig. 17. To prevent the disturbance of tsunamis expected, a 738 meter long tsunami

breakwater was constructed at the entrance of Ofunato Bay. And the Tokachi-oki Earthquake tsunami was
the first big tsunami since the tsunami breakwater had completed. The maximum height of the tsunamis
recorded at the entrance and the recess of Ofunato Bay are shown in Table 6 respectively. From Table 6,
we can know that the recess of Ofunato Bay effectively attenuated the violent tsunami according to the
record.

Akamae district in Miyako Bay, Iwate Prefecture and Shizugawa Town, Miyagi Prefecture are typical
examples protected by sea-walls as shown in Table 4.

Onagawa Town in Miyagi Prefecture and Hachinoche Port in Iwate Prefecture were partly protected by
the tsunami breakwaters, which had constructed after the Chilean Earthquake tsunami. But the old
breakwater in Hachinohe Port was destroyed in the length of 340 meters as shown in Photo 27.

Kamaishi Port in Iwate Prefecture, which has no protecting works, was attacked by the tsunami of
3.6 meters high above the normal tidal level (T.P. 2.9 meters)and suffered the heavy tsunami disasters as
shown in Photo 3, 4 and 5. The inundated areas in Kamaishi City reached about 300,000 square meters as
shown in Fig. 10.

Noda Fishing Harbour in Iwate Prefecture was also attacked by the tsunami of five meters high and very
interesting successive photographs were obtained as shown in Photo 7, 8 and 9. X

Coastal and river structures in Hachinohe district were damaged by the earthquake. Especially large
cracks and land-slides took place at the embankments of Mabechi and Aisaka river which flow through
Hachinohe City as shown in Fig. 19 and 20 and in Photo 19 and 20.

The coastal dikes in Momoishi coast located in northern part of Hachinohe were destroyed thoroughly
as shown in Photo 24, 25 and 26. But there was no structural disaster in the other districts.

Key words (Tokachi-oki Earthquake, tsunami, tsunami breakwater, tidal establishment, Iandslide of embankment)
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Table 1 Observation records of the Tokachi-oki Earthquake tsunami.
19684 ER IR E R W AR — TR

- 1*
No. Prefecture Tide station Authority | Recorder type ;l;lllmnzrgf r?x?ttion E:iug[;::ml
1 Aomori Nishitazawa WO Wave recorder I;B'méz
2 " Asamushi GSI | Kelvin (+) 11:12 +20cm
3 " Ominato Port SDF -| Fuess Unknown +40
Kabu Island Tsunami . More than
4 " (Hachinohe P.) PCB | ecorder (=) 10:18 | "ogs 215
5 ” Hachinohe P. wSs Fuess (—) 10:19 -+240
6 Iwate éllllj\lva};:nita) PO Eye** Unknown About 450
7 ” Miyako P. WS Fuess (+) 10:19 +185
Miyako P. +360
8 " (10,000 ton wharf) PO | Eye Unknown —255
Okkirai . +236
9 U Fishing Harbour PO | Roll (+) 10:27 —285
10 ” Ryori F. H. PO Eye Unknown About 100
11 " Hirota F. H. PO Eye Unknown About 150
Ofunato . +113
12 " (Nagasaki F.H.) WS | Robot (+)10:23 ~115
13 " Ofunato P. WS | Fuess (+) 10: 28 +izn
14 " Hasebe F. H. PO Eye Unknown About 250
15 ” Kesennuma P. PO Fuess (+) 10:45 iigg

(3)
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Table 1 o©H3%

. 2 : - Time of first Tsunami*
No. Prefectare Tide station Authority | Recorder type tsunami motion height
i6 Miyagi Shizugawa PO Unknown +210
Shirahama About a
17 " (Ottsupa Bay) WO Staff gauge (+) 10:30 +130
18 " Tsukishima wo " A%ﬂt‘; 10+ 30 +106
19 " Fukuzi WO ” (+) 11:10 +40
20 " Nakashima WO " Unknown +20
21 " Onagawa P. PO Eye (+)10:35 +160
Onagawa P. .
22 " (1,000 ton wharf) PO (+) 10: 40 +175
23 ” Onagawa P. MO Roll (+) 10: 40 97
24 " Ayukawa P. WS | Fuess (w0:a | 1A
25 " Ishinomaki P. PO Eye Unknown +75
Ishinomaki P. .
26 " (industrial P) PO " (+) 11:00 +80
27 V4 Kadowaki wO Staff gauge Ab&‘_’; 11:10 +57
28 " Nobiru wo p A"("JS; 10:52 +54
29 " Muroto wO " (+) 12: 00 -+100
30 " Enoshima Island ERT | Tsunami (+)10:35 | 475
31 Ibaragi Kashima P. PCB (+) 11:00 +27
Ofunato .
32 Twate*** (Nagasaki F. H) wSs Robot 23:16 +18
33 Iwate*** | Ofunato WS Fuess 23:10 —22
34 Hokkaido | Esashi P. HDB " 12:10 +5
35 " Hakodate P. Moy | (+)10:5 | T8
36 " Yamasetomari F. H. HDB ” (—) 10:47 | MA 192, g¥**
37 " Mori P. HDB Richard (=) 10:46 | MA 98
38 ” Muroran P. HO Fuess (—) 10:30 +40
39 " Urakawa P. " (-) 10:05 | MA 500
40 " Hiroo P. HDB ” (+) 10:32 | MA 307
41 " Kushiro P. WS " (-+) 10:25 | MA 203
42 " Atsukeshi P. HDB " (+) 10:40 | MA 58
43 ” Hanasaki P. wS " (+) 10: 40 | MA 110
44 Vi Nemuro P. ” Unknown ﬁ:::gg}ggd
45 R Raosu F. H. PO " Not recorded

WO : Work Office, Ministry of Construction,
GSI : Japan Geographical Survey Institute,
SDF : The Self Defence Force,
PCB : District Port Construction Bureau, Ministry of Transportation,
WS : Weather Station, Japan Meteorological Agency,
PO : Prefectural Office,
ERI : Earthquake Institute, Tokyo University,

MO : Maguetic Observatory, Tohoku University,

MOJ : Marine Observatory, Japan Meteorological Agency,
HO : Japan Hydrographic Office.

* : Tsunami height above and below the normal tidal level.
** : Mesured with eyes.
#+* : Tsunami caused by the Iwate-oki Earthquake on June 12, 1968.
ek Maximum amplitude of the tsunami height.
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Fig. 1 Tidal observation record by a tsunami recorder at Kabu Island, outside :
of Hachinohe Port. (Courtesy of Ministry of Transportation)
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Fig. 3 Iidal observation record at Nagasaki Fishing Harbour, the entrance of
Ofunato Bay. (Courtesy of Ofunato Weather Station)
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Fig. 5 Tidal observation record at Hakodate Port.
(Courtesy of Hakodate Marine Observatory)
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EMBRHTRE G LELTKESR)
Table 2 Height of tsunamis.
B DI DRKIREFE
June 19, 1896| Mar. 3, 1933 | May 24, 1960 May 16, 196 .
Prefecture District Sanriku E. t. | Sanriku E. t. | Chilean E. t. - S
m) Height D. L. T.P.
() (m) (m) (m) (m)
Aomori | Ominato Port +0.40
Kabu Island
" (Hachinohe P.) About 4 4.5
" Hachinohe P. 3.0 4.6 | About 2.5 2.4 2.09 1.59
Twaie Hiranai About6.5 6.0

” Yagi - 18.3 7.2 | T.P. 3.2 3.82
" Harakonai About5.5 5.0
” Kuji 8.7 | T.P. 4.6 4.5 4.7 4.05
" Noda 20.0 15.6 | T.P. 3.8 4.85
4 Fudai 16.9 { T.P. 4.2 3.50
" Omoto 11.8 13.4 |T.P. 4.2
" Taro 14.6 6.4 |T.P. 3.2 1.50
# | Miyako 9.1 82 |T.P. 23 ti8) 21 s
" Takahama T.P. 5.2 3.60
” Kanahama 6.3 3.5 | T.P. 5.6 5.3 4.71
” Akamae T.P. 5.5 | About4.0 3.52
" Kamagasawa About T. P. 5.5 About4.0 3.42
" Omoshige ) M. A. 5~6 3.50
" Osawa 3.9 4.4 |T.P. 4.0 |MA 263 0.9
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Table 2 ©H>3%
5.5 4.2 | T.P. 4.4

4.0 |D.L. 4.2 |D.L. 4.10

4.80
3.4 3.4 |D.L _380
4.50

p.L. 1%

13.0 | D.L. 10.54 [ D.L. 3.60
6.0 4.4 | D.L. 5.00
7.9 | D.L. 5.4
7.5 [D.L. 59 [D.L. 4.0

7.4 |D.L. 58 |D.L _40

13.8 |D.L. 9.7 |D.L. 4.0

13.5 [D.L. 10.93 [ D.L. 3.0

© —3.0

T.P.  2.50

2.3 14.6 2.3
11.3 6.3
38.2 20.2
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7.0 |T.P. 1.9

3.10 3.80 | T.P. 5.8
T.P. 5.5
3.50 7.34
1.50 2.63
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T.P.  3.60
2.7 |T.P. 20
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Fig. 7 Distribution of the tsunami height above T.P. (mean tidal
level of Tokyo Bay) along the north Pacific coast of Japan
for the case of the Tokachi-oki Earthquake tsunami on May 16,
1968. (-+ denotes that the first tsunami motion took place in
the form of flood tide, — vice versa)
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%, —BIEFE)

SR bOrEbRD, EROF—NKERL T4 5  ORERCHITDHREOBHE LEI D EORER
b, ESFRAKY hEEESRCESR T B VT Bt EELBERSL S r#z bbb, HEAFME
2, §—-WBiEw (GIFED TH¥ Y, Tofioiif PIEHTRRR I %S 50 AEROMEOE— W ORE
CHIALE GELE) THRE ot S Tablelwsk  HHX DESROFER L Y BEOBEROKE W R
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Table 3 Periods of the Tokachi-oki Earthquake tsunami. (min.)

RN AR O B
Kabu Island : by .+ | Nagasaki| Enoshima Island
(Hachinohe P.) | Mivako [Kamaishi | Okkirai [ > (Onagawa Town)
. Eyed point Trough Cresi Crest Trough Crest Crest
g?;g:l Number of waves 7 10 4 10 10 4
Periods 23.3 min. 23.4 24.2 16.0 22.4 9.75
Eyed point Trough Crest Crest Crest Crest
;:Zte Number of waves 5 11 10 15 9
Periods 35.0 23.6 19.7 26.7 23.0
) LI ";‘2. 143" “g‘. n?‘ \ Z?‘g
! HOKKAIDO § HANASARLET Lo
v s

s

MORI_ MURORAN

HAKODATE "

|
HACHINOHE
(Kab'ush‘haa\

LRRE 2
KUJ;X 0: .. 52 ¥ h
sm.\usox{o{s N ©
MIYAK: ,\msuh-}ér‘.iﬂ : v, zé')
HONSHU & N & 1 S
(% ).%! & —
R i i
( / 1/ & r a
i -3
HES S
e/ S
IBhiN
£ e8s &
& H $ESS &
MATSUKAWAURA o s 10 19 200

Tig. 8 Estimated generating area of the tsunami and the distribution
of aftershocks. The last wave fronts are shown with the
names of tide stations and travel times (min). The senses, up
and down, of the initial motion of tsunami are indicated by
solid and broken lines, respectively. (Courtesy of Dr. Kajiura,
Earthquake Research Institute)
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Tsunami Recorder {Ministry of X
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Fig. 9 Disaster map of Hachinohe City
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Photo 1 Aspect of the Hachinoche Municipal Sewage Treatment Plant and
the sea-wall and the coastal dike which protect the Plant.

AF SRR X CiRIEN

Photo 2 Damage of the Hachinohe Municipal Sewage Treatment Plant by
the tsunami which overflowed the sea-wali and the coastal dike.
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Fig. 10 Distribution of tsunami height above T. P. (m) in Kamaishi City.
(Courtesy of Kamaishi Civil Engineering Office)
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The fish market at

l:ackcd by the four! the tsunami in
shi Port, (Courtesy of Kameishi Civil Enginecring Office)
R (R LAIEED

E et 5
LR A Rl A i e Ko
to 5 The inundated main street of Kamaishi City,
(Courtesy of Kamaishi Civil Engineering Office)
RO MPRAIRG (B LRI
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Photo 4 The fish market attacked by the tsunami in
(Courtesy of Kamaishi Civil Enginezring Office)
HEWER TR~ OHBRIRNG GEA LAIBED

v

Aspsct of the left bank of the Unozumai River which the
tsunami overflowed in the depth of about 1 meter. The height
of the bank is T.P. 3.2 meters.
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HEBSMTILON e D OBEL BT o BWIEREROER BEOTN~OBAREARFINFrPists &K
BWIBRKL, AL oEdingkdia 2} Photo WERY BV, SR X oL Il syl
105 X I EY DR BRI AR Lo . DX 5 ERAESN O THRET S,

(3] FHEOAN~OBAKR (1) Eml

Photo 7 WNoda Fishing Harbour in abnormally low water caused by the
tsunami. (Courtesy of Kuji Civil Engineering Office)

EFHEE (RSN (AR ARTHEHD

Photo 8 Noda Fishing Harbour attacked by the tsunami of about 5
meters. (Courtesy of Kuji Civil Engineering Office)

RPCSERR O EEAE (AR EARED)

_ e

Phote 9 Noda Fishing Harbour after suffering the tsunami. Many fishing boats and fishing
tool houses were washed away. (Courtesy of Kuji Civil Engineering Office)
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Kozuchi River
Ozuchi Bay
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Sea—wall and coastal dike

77| Inundated area

Fig. 11 Location map of sea walls and coastal dikes at Ozuchi Town,

Iwate Prefecture.
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Fig 12 High water marks at the mouth of the Matechi River by the Tokachi-oki Earthquake
tsunami. (Courtesy of Aomori Work Office)
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' Wit
Photo 10 Surgmg wave of the tsunami at l'unakoshx in Ogatsu Town
Mxy‘.gl Prefecture. (Courtesy of Ogatsu Town)

SRIHI MrARve dov) 2 HHsRIRIRGY CHERB )

Photo 12 Aspect of the surging wave of the tsunamx at the mouth of the
Mabechi River, Aomori Prefecture. (Courtesy of Aomori Work
Office, mestry of Construction)
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At ittty
Photo 11 Abnormally low water caused by the lsunam
Courtesy of Ogatsu Town)
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Photo 13 Aspect of the mouth of the Mabechx River after suffering the

tsunami. (Courtesy of Aomori Work Office, Ministry of
Construction)
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Fig. 13 Water level record by staff gauge at Tsukihama in the mouth of Kitakami River.
(Courtesy of Down Kitakami River Work Office)
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Fig. 14 Water level record by staff gauge at Fukuji in the midstream of the Kitakami River.
(Courtesy of Down Kitakami River Work Office)
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Fig. 15 Location map of sea-walls and coastal dikes
along Miyako Bay, lwate Prefecture.
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Table 4 Effect of coastal dikes constructed after suffering th2 Chilean Earthquake tsunami.
5y — R R s g S R OB

Name of dike

Item

Chilean E. t.

Tokachi-oki E. t.

Takahama
(Height T.P. 5.50 m)

High water marks of the tsunami
Inundated area

T.P. 4.7m
About 10,000 m*

T.P. 3.6 m
Nothing (7,500 m?)*

Akamae
(Height T.P. 6.00m)

High water marks of the tsunami
Inundated area

T.P. 4.8m
About 1, 200,000 m*

T.P. 3.52m
Nothing (900, 000 m*)*

Photo 15 Damage of houses at Kamagasawa in Miyako Bay.

* Estimated figures without coastal dikes.

e

Photo 14 Aspect of the coastal dike

at Takahama in Miyako Bay.
The height of the coastal dike is T. P. 5.50 meters.

The

enclosed area was protected by the coastal dike from the

tsunami of T. P. 3.6 meters.

EEERREEEKOMEEEY (T. P. 5.50m)

ST

A7
o

omm

The district has no protecting work. The maximum

height of the tsunami amounted to T.P. 3.46 meters.

UHBE PR ONY (KT, P. 3.46m) 1K ko8
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Photo 16 Gates for tsunami surging waves at Shizugawa Town,

Miyagi Prefecture.

Shizugawa

Ara Island

Shizugawa Bay 0 - 1000m
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Residential area

Fig. 16 Location map of sea-walls and gates at
Shizugawa Town, Miyagi Prefecture.
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Fig. 17 Map of Ofunato Bay and the tsunami breakwater.

Hatching denotes the inundated areas by the
Chilean Earthquake tsunami on May 23, 1960,
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Table 5 Deformation of tsunamis due to the shape of bay.

W OLIE & B oMK
Sanriku E. t. Chilean E:t. The periods of the natural
Name of bay June 19,1896 May 24,1960 oscillation of the bay

Shorter bay . ' 18 min.

(Ryori and Taro Bay) high* low i1

Longer bay 39

(Ofunato, Shizugawa Tow** high 41

and Hirota Bay) 47

Periods of the tsunami 10~20 min. 40~70 min.

* Tsunami height at the recess of the bay was higher than that of the entrance of the bay.

** Vice versa.
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Table 6 Deformation of tsunamis in Ofunato Bay. (See Fig. 18)

119

KA B B O
Tsunami height Ratio of H to Periods
Tsunami H
H, H (H/H,) Tsunami T Bay T,
Mar. .
S §933 780 cm 380 cm 0.54 15 min. 0.39
May 24, 1960 Initial stage 50 1.28
Chilean E. t. 190 530 2.8 Maximum stage 70 1.79
Sep. 13, 1963
Etrofuian E. t. 10 38 3.8 36 0.92
Mar. )
Ao 28, h96d 20 65 3.2 52 1.33
Feb.
Feb. 2 1965 10 2 2.4 4 1.22
May 16, 1968 1st wave 113 120 1.10
Tokachi-oki E.t. 2nd 55 75 1.36
Brg %5 lgg 1.40
41 5 1.62
5th 60 105 1.70| mean 22 0.56
6th 30 50 1.66[ 1.6
7th 30 50 1.66
gth 50 76 1.52
{une 12},(_ 1968 1st 18 22 1.22
wate-oki E. t. 175:2} mean 15 12 0.80 9.8 0.25
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Fig. 18 Ratio of the tsunami height at the inner most

part of Ofunato Bay (H) to that at the entrance
of the bay (H,) for tsunamis. The ratio of the
dominant tsunami periods (7) to the periods
of the natural oscillation of the bay (7,=39
minutes) is taken on the abscissa.

OTsunami which had attacked the bay before
the Ofunato tsunami breakwater constructed.
[dTsunami which attacked the bay after the
‘Ofunato tsunami breakwater had constructed.
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Photo 17 Aspect of the tsunami inflow into the inner part of Onagawa
Bay at the Onagawa tsunami breakwater.
Fishing boats are trying to escape into the outer bay.
(Coutesy of Onagawa Town)
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Photo 18 Aspect of the tsunami outflow from the inner part of Onagawa

Bay. (Coutesy of Onagawa Town)
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o Diasters on bank protection works

X Disasters on embankment

-
- i

Fig. 19 Disaster map of ‘the Iwaki River.
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Fig. 20 Disaster map of the Makechi, Aisaka and Gonohe River.
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Photo 19 Cracks and failure of the side slope on
the embankment of the Aisaka River at
Horikiri.
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Photo ZTMFailure of the mortal stone pitching on the right bank of the
Mabechi River.
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hoto 23 Slide of the connected blocks on the right bank of the
Mabechi River at Shiriuchi.
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Fig. 21 Standard cross section of coastal dike at Aomori.
{Courtesy of Aomcrt Work Office)
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Photo 24 Fall-down of the concrete plate:

6 Ununiform settlement of the coastal dike at Mo
EREMEE ORI TIC & % RApr o R

Photo 2

Momoishi, Aomori Prefecture.
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Report of The Public Works Research Institute Ministry
of Construction Vol. 141, June 1971
Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 1
1968 Tokachi-oki Earthquake
Tsutomu Terashima

Synopsis :

This chapter is the reports of geophysical consideration of the earthquake (May
16, 1968; M=7.9) and of the general survey on the disasters caused by it.

The contents consist of : (i) intensity distribution of the earthquake, (ii) the
behavior of the after shocks, (iii)the situation of the summarized disaster caused
by the earthquake, (iv) the behaviors of the ground motion by the earthquake,

(v) seismicity of offshore Tokachi and Sanriku areas, (vi) the characteristics of
disasters caused by the earthquakes, (vii) the relation between the disasters and
the violent precipatation just before the earthquake, and (viii) all inclusive cons-
ideration.

Key words(Tokachi-oki Earthquake (1968), Earthquake Damage, Seismicity
in Tokachi-oki and Sanriku-oki, Characteristics of Earthquake Motion)

Report of The Public Works Research Institute Ministry
of Construction Vol. 141, June 1971

Survey on Disaster due to the Tokachi-oki Earthquake 1968
Chapter 2

Amounts of the Earthquake Damage and Geological Feature
Fiichi Kuribayashi and Keizo Kuwahara

Synopsis :

In macro-scopic view the disaster and damages estimated are reported and some
relations are analyzed between the damages and the geological conditions of the
regions subjected to the Tokachi-oki Earthquake of 1968,

Key words (The Tokachi-oki Earthquake 1968, Disaster, Damage, Geology)

Report of The Public Works Research Institute Ministry
of Construction Vol, 141, June 1971
Survey on Disaster due to the ‘Tokachi-oki Earthquake 1968
Chapter 3 Strong Motion Earthquake Records
Yoshihiro Oyamada

Synopsis:

Summerizing the results of observations of strong motion earthquakes in the
main shock of the Tokachi-oki Earthquake on May 16, 1968, which were recorded
with the SMAC-B2 strong motion accelerometers mainly in the bridges and the
grounds nearby those bridges belonging to Ministry of Construction, Hokkaido
Development Bureau and some prefectures as well as in the ports and harbours
belonging to Ministry of Transport, the following data were shown in this part
and some interesting facts obtained by the investigation of these data were poin-
ted out,

(1) The maximum horizontal ground accelerations,

(2) The maximum horizontal response accelerations at the top of the piers
and the abutments of the bridges,

(3) The ratio of the maximum horizontal response accelerations at the top
the piers and the abutments at the bridges to the maximum horizontal ground
accelerations,

(4) The distribution table of the maximum horizontal ground accelerations
and the seismic scales in JMA,

(5)The representative acceleration waves at the grounds.

Key words: Observation of Strong Earthquake Motion, Strong Motion Acc-
elerdgraph, Seismogram)
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Report of The Public Works Research Institute Ministry .

of Construction Vol. 141, June 1971
Survey on Disaster due to the Tokachi-oki Earthquake 1968

Chapter 4

Damage on Dikes and Revetments

Synopsis :

Failures of dikes and revetments which mostly occured in the east part of
Aomori Prefecture are described and presumptive causes for the failures are

discussed.

Case study was performed for the river Mabechi. Soil profile, sounding results,
physical and mechanical properties of the dike material and the foundation are
revealed for the damaged and undamaged area. Results of micro tremor measu-

rements are also given.

Key words (Tokachi-oki Earthquake(1968), River Embankment)

Report of The Public Works Research Institute Ministry
of Construction Vol. 141, June 1971

Survey on Disaster due to the Tokachi-oki Earthquake 1968

Chapter 5

Influences on Dams

Synopsis :

Masahiro Yabe

Toshio Iwasaki

After the shock of the Tokachi-oki Earthquake 1968, six dams located in the .

adjacent area of the sirong motion district were surveyed in Tohoku region. .

Slight damage was observed to three dams of the six.

In this report the damage is compared with a typical pattern of the damage

experienced during past earthquakes.

Key words (The Tokachi-oki Earthquake 1968, Dam, Damage)

Report of The Public Works Research Institute Ministry .
of Construction  Vol. 141, June

Survey on Disaster due to the Tokachi-oki Earthquake 1968

Chapter 6

Damage to Highway Embankments and Pavements

Yasushi Sasaki and Takashi lijima

Synopsis

This paper presents the damage to road facilities caused by the 1868-Tokachi-
oki Earthquake. Almost all the damage of the road facilities were the slip fai-

1971

lures of road embankments. The damage due to the earthquake are classified .
into four types and are described respectively of their characteristic features. .

The main reason of the failure of embankments is considered to be in the .
weakness of the embankment materials against the water and the seismic moti- :

On.

Key words (Tokachi-oki Earthquake (1968), Earthquake Damage to Hig-

hway Embankment, Liquefaction Phenomenon)
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Chapter 7
Earthquake Effects on Highway Bridges
Iwao Yoshida and Yoshio Adachi

Synopsis :

The present paper shows the result of a survey on damage occurred in highway
bridges during the Tokachi-oki Earthquake. The survey to 79 bridges, whose
length exceeds 20 meters, was carried out in the eastern parts of Aomori prefe-
cture immediatly after the earthquake.

Damages to superstructure were mainly the movement of main girder and
failure of shoe inclusive of its fixed mortar. As for damages to substructure, pile
piers surely suffered damage, and the abutment was pushed out towards the river
at the Noushi Bridge. There was a lot of damage on approaches to bridges.
However, it does not seem that the earthquake brought severe damage on
bridges.
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Chapter 8
On the Tsunami and the Disaster of River and Coastal
Structures due to the Tokachi-oki Earthquake 1968
Masateru Tominaga, Kunimatsu Hoshihata and Tadahiko Sakamoto

Synopsis :

The Tokachi-oki Earthquake generated a fairly large Tsunami. The maximum
heights of tsunami above the normal tidal level were from 1 to 5 meters along
the north Pacific coast of Japan. The periods of tsunami were from 15 to 25
minutes. The damage caused by the tsunami was not so much that the scale of
tsunami was fairly large. The reason is as follows. (1) Foitunately the tsunami
occurred during the low tidal level. If it had occurred during the high tidal level,
the Maximum height of the tsunami would become one or two meters higher
than recorded height. (2) The north Pacific coast of Japan was protected by sea
walls and tsunami breakwaters, which had constructed after suffering the heavy
damages by the Chilean Earthquake tsunami in 1960,

River and coastal structures in Hachinohe district were heavily damaged by the
earthquake. But there was no structural disaster in the other district.

Key words (Tokachi-oki Earthquake, tsunami, tsunami breakwater, tidal
establishment, landslide of embankment)
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