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Liguefaction damage area

Only large damage area
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Liguefaction damage in Niigata city
* End region of sand dune (Nishi-ku: Terao area)

* Former river channel (Nishi-ku: Zenku)



Main liquefaction area in Niigata city
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Liquefaction susceptibility map in Niigata city

ﬁﬁ‘lt bb?é?“}j BRAAE BARIRRE

T anenm I amm s RRE 2
‘ ° mEEEE
( B ) s e | p—
amn s arame [ amxo gosTE

Good agreement was achieved between the high
susceptible area and the liquefied area.
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Liquefaction damage area in end region of sand dune

__ Prof. Hosaka (Niigata Univ.)
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Continuous damage through the prefectural road 16 (about 6.5 km)
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E I evati O n Of d a m a g ed a rea Prof. Hosaka (Niigata Univ.)
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Examples of damage: No. 2  Damage in Ohno area
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Liquefaction in Chuo-ku (Old river) WA Co. Lt

Smaller damage area comparing to the 1964 Niigata Earthquake
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Liquefaction in Toppara and Zenku (Old river)

KOWA Co., Ltd.
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Liquefaction in Toppara (Old river)

Lateral flow occurred in very gentle slope (1/200)
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Liquefaction damage around Uchinada

* End region of sand dune
(Kanazawa-city, Kahoku-gun, Kahoku-city, and Hakui-city)

Reliquefaction
Cracks and ejected sand were reported in Ohnebu, Nishi-araya, and
Takamatsu during the 1891 Nobi Earthquake.

Information from Prof. Wakamatsu (Kanto Gakuin Univ.)



Extending damage along the end region
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Extending damage along the end region
of sand dune e
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Uchinada-town
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» There was steep slope of sand dune close to the lagoon in the early 1900's.
» The sand dune was cut to use for reclamation works (northern part of Ohnebu).
» Large damage occurred in cutting slope area between Miyasaka and Ohsaki.
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Investigation:

N I S h I a ra a 6th Jan.: Prof. Yasuda and Prof. Ishikawa (Tokyo Denki Univ.)
y 3'd Feb.: Prof. Yasuda; Toyota and Takada (Nagaoka Univ. of Tech.)
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Effects of pre-loading (OCR) on stress-strain
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Very small strain: Slight effects of OCR
Medium strain: OCR effects are apparent
Large strain: OCR effects fade away

Reference DOI: 10.1139/cqj-2018-0575
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Effects of pre-loading (OCR) on liquefaction
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N |S h |a raya Complicated land modification
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M uro Damage in lagoon side of the road

Lateral flow to the lagoon

SE050%: / 2

(Bfii:m)
oy B(B+FE0)

Investigation:
3rd Feb.: Prof. Yasuda (Tokyo Denki Univ.),
Toyota and Takada (Nagaoka Univ. of Tech.)
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East side of the road: Farm land in 1960's.
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Tsurugaoka

Investigation: 13t Mar.
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Nishiaraya

As a next step, amount of lateral flow should be measured quantitatively.
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N iS h i a ra ya Nishiaraya park

Mar. 13th: Joint investigation with Prof. Nakamura (Tottori Univ.)
LidarSLAM surveying
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Other reliquefaction

> Severe liquefaction occurred in Kashiwazaki-city (along
Sabaishi-river) during the 2007 Off Chuetsu Earthquake



Kashiwazaki-city
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Kashiwazaki-city

; Investigation: 5t Jan.
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Other reliquefaction

» There is liquefaction report (JGS) in Suzu-city (Nonoe,
Ugal, and Shoin) during the 1993 Off Noto Peninsula
Earthquake
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S h oln Reliquefaction Investigation: 14th Mar. GSI: Web maps

AIST: Coastal dune deposit g

Lateral flow to the land side
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Liguefaction in other sand dune deposits

>IN the case of loose and shallow
groundwater
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? Large area in the map was liquefied.
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Other liquefaction areas

»Alluvial plain deposit or earth filling



. Investigation: 34 Feb.
Ta ka O ka C It Prof. Yasuda (Tokyo Denki Univ.),
Toyota and Takada (Nagaoka Univ. of Tech.)
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Nanao city

Investigation: 2" Feb.
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Wajima city
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Liguefaction in lagoon

»Soft clayey soils and high groundwater:
when sand exists, the damage is extended
by liquefaction.



on
28t Feb.
Prof. Shinbo (NIT-Ishikawa )
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Kahoku-gun (Kahoku lagoon)
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Provided from Prof. Arai
(formerly, Fukui Univ.)
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Effects of countermeasures against
liguefaction

»Shinano-river, Yasuragi-tei (Niigata city)



qu uefaCtlon trace d u rl ng Joint research with Prof. Kazama
the 1964 Niigata Earthquake "o«

GS Sampling G.L.-50to-7.0m

Geoslicer GS-2 (GL-5.0t0 -6.3 m)
Original image Adjusted color tone
4 | 4 Age determination:
11717 — 1949
“ A cray, sit
% |:| Sand
1.3 m

Deeper layer than 5 m
. was also liquefied

during the 1964
Niigata Earthquake.




Measures against liquefaction (Yasuragi-tei)

] Im—cu‘a | | .\@,

BRange of improvement
Width: 8 -9 m '~ Investigation area T
Depth: 9-20 m —
B Methods — =
) . B n—I &
Non-vibratory sand compaction #| ShinanoRiver [ __ .. |
Displacement reduction type _
cement mixing \lﬁ

for neighboring construction

B : Non-vibratory sand compaction pile

B : Disp. reduction type cement mixing

f RuBRTY R
(f41) (EXAV/ELR)

Riverbed: Sheet piles (depth: 10 — 13 m) with tie rod 55



Summary

Wide range of liquefied areas (from Fukui to Niigata): Strong seismic motion
propagated extensively along the coastline

Liquefied area: End region of sand dune, Old river channel, Plain deposit, Earth
filling, and Lagoon

Terrain modification should be concern.

Reliquefaction: 1891 Nobi, 1964 Niigata, 1993 Off Noto Peninsula, 2004
Chuetsu, 2007 Off Chuetsu, and 2007 Noto Peninsula Earthquakes

Lateral flow: End region of sand dune, and Gentle slopes

Liquefied ground flows sensitively to the slope direction
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