Geotechnical damage
caused by the recent gigantic
earthquake in Japan

Download an article from the site of
April Issue, Bulletin, ISSMGE
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Special feature of the damage

e The affected area was vast.

« Number of damage was huge; e.g. nearly
2000 damages In river levees

« Damages affected each other and made
the entire effects more significant: delay

and difficulty in emergency action and
restoration.



| have visited the following places: [l

Aomori Prefecture
Misawa, 2 deaths
* Hachinohe, 1 death, 200 collapsed houses

Iwate Prefecture

* Kuji, 2 deaths, 900 collapsed houses

* Moda, 37 deaths

* Tanobata, 14 deaths, 30 missing, 550 collapsed houses

* Iwaizumi, 5 deaths, 130 collapsed houses

* Mivako, 351 deaths, 1300 missing, 4700 collapsed houses
*Yamada, 503 deaths

» Ohtsuchi, 555 deaths, 1050 missing

* Kamaishi, 651 deaths, 850 missing

» Ofunato, 279 deaths, 250 missing, 3650 collapsed houses
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Damages of * Rikuzen-Takada, 1101 deaths, 1150 missing, 3600 collapsed houses
Earth fill Miyagi Prefecture

sendai b s Kesennuma, 656 deaths, 1500 missing

Shiraishi

Bk Mirami Sanrku, 379 deaths, about 10,000 missing
* Onagawa, 354 deaths, 850 missing
Ishinomaki, 2482 deaths, 2750 missing

Higashi Matsushima, 302 deaths
Matsushima, 1 death, 10 missing
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! s e o | _;___f__f—d shiogama, 41 deaths
* ; FEE ﬁl Shichigahama, 56 deaths, 20 missing
o ‘#\\\"Tagajyo, 178 deaths, 20 missing
= ?ﬁt\hndai,ﬂg deaths
§ \ -\J ) \ Matari, 784 deaths, about 1000 missing
DaniToreachi " 5.9 \ lwanurma, 158 deaths, 150 missing

Sukagawa e Wiatari, 233 deaths, 60 missing
& Fomasy *Yamamoto, 569 deaths
Damakres of Fukushima Prefecture
" N - R S
Tohoku HW g‘L oy * Shinchi, 84 deaths, 40 missing, 500 collapsed houses
4 * Sorma, 366 deaths

i@ * Minami Somma, 358 deaths, 1100 missing

L i ; - Marnie, 200 missing

Makaminato Slaka s * Hirono, 2 deaths, 1 missing, 100 collapsed houses
Riwver * lwaki, 277 deaths

Ibaragi Prefecture

* Kita Ibaraki, 5 deaths, 100 collapsed houses

* Takahag, 1 death

Hitachinaka, 2 deaths

Mito, 2 deaths, 40 collapsed houses

CQaoarai, 1 death
Kashima, 1 death | Damages by Tsunami, 5 &pril 2011, Asahi

Shirnbun Newspaper

ciefaction
Downstream Basin of Tone:
Tokyo Bay area




Tectonic
movement

Subsidence of
more than 2m in
sea floor

Subsidence of
coast was max.
1.2m
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Coselsmic subsidence In coastal area

Photos by Mr. Daiken Suzuki, former master student, Univ. Tokyo



Ground level Is lower than before;
Difficulty in drainage
RISk of floodlng IN typhoon season

2011/05/01 16:20



Situation was made worse by tectonic
subsidence: insufficient levee height
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Coseismic subsidence during past earthquakes
Valdivia 1960, Chile, Kohchi, 1946, Japan,
. 1999 Izmit Bay, Turkey, 1964 Alaska




Tectonic motion of coast after March 11
Near Sendai City, ground is coming up

but very slowly
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Types of geotechnical damage

e Ligquefaction in young sandy deposits
e Lifeline

 Embankment: road and levees
 Failure of residential development fills

Note: the large number of damage In each
category above made restoration very
difficult or still iImpossible.






Lifeline damage

Floating of sewage
& manhole caused by
& liquefaction of

& ground and backfill
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History of land reclamation and manmade
land construction in Urayasu City
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http://www.city.urayasu.chiba.jp/menu2863.html

Feature of earthquake motion in Tokyo Bay area
Magnitude = 9.0; Long duration of shaking and many
number of cyclic shear; liquefaction easy to occur.
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Liguefaction In residential area (urayasu City)
Financial support is desperately needed for
restoration




Chiba City
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House tilt




Liquefaction affected hogfses at
many places |}
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Successful soll improvement;
Sand compaction piles and gravel drains

Gravel drain Sand compaction pile
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Sewage pipelines were destroyed at
extremely many places




Problems of river levees
Nearly 2000 sites of damage

Liguefaction in foundation, subsidence, and lateral spread



Sand boiling on river side




Liguefaction in foundation
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Repeated liguefaction; 4™ time

1978 main and after-
shocks, 2003 and 2011



Most damages In river levees were
assoclated with liguefaction In
foundation or inside the levee.

Liquefaction Is repeatable.



Damage In residential development
In hilly area: cut and  construction

Site of previous slope failure in 1978



In Sendai City,
there are
many
residential

developments
In hill areas:
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In Sendai City: On Fill,
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In contrast, damage
much less

On cut part



Problems in residential fills

Requirement for cutting cost

Original surface (soft) soll
remaining at the bottom

Soll filling without removing
vegetation

Consequently, formation of
soft layer between original
ground and fill
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First dam was eroded and 1505 m?3 of
water attacked a downstream village




Flooded channel




Motion picture taken by eyewitness Mr. S. Kobari
by using his mother’s mobile phone



Summary

Vast area was affected and many damage
occurred.

_iquefaction affected private houses
Residential development was damaged
People need help from geotechnical
discipline

Individual damage Is not so serious but
number Is significant.

Should we revise design codes?
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