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Major Geotechnical damage
due the 2011 earthquake

INn tsunami-unaffected regions

» Soll Liguefaction
» Levee damage

» Ground deformation of recently
developed land in hilly area

» Collapse of Fujinuma earth dam
» Land slide of natural slope
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Liquefaction in the Kanto Plain region
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A house before and after the
2011 Earthquake in Urayasu
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Successful examples of soil improvement

Malhama Area, UtayasueffSt.
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Successful soll improvement In
Urayasu residential area

Gravel drain Sand compaction pile
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Relative settlement between building with
plle foundatlon and surroundlng ground
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Large differential settlement
(area along the Tone River)

Kamisu City 80 cm sl: of Mr. Nii | _ __Inashiki City,



Lateral spreading occurred
In the area along the Tone River
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Uplift of manholes observed
wide area

Urayasu, Chiba Prefecture Sukagawa, Fukushima Prefecture
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Towhata et al. (2011)



Wa;er distribution plant In
SN 4« Kashlma City
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R Maximum daily water supply:

30,000m:3 for domestic water
150,000m3 for industrial water
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In3|de of upllfted underground condmt

Public Enterprise Bureau, Ibaraki Prefecture (2011)







Type of Levee Damage
Documented by the MLIT

River Failure | Settle | Slope Levee Lique- | Revetme | Gate Other | Total
SYSIC ment | Slumping | Cracking | faction | nt/Wall | Damage
Damage

— Mabuchi

'q% Kitakami 14 62 46 278 0 121 67 58 646
= Naruse 9 27 25 183 1 56 26 37 364
S Natori e 1 26 0 2 1
2 Abukuma 2 26 16 77 0 11 3 137
_ Kuj 0 30 1 46 0 23 8 2 110
= Ara 0 0 0 5 12 0 3 2 22
S Naka 0o 17 5 43 0 45 14 5 | 129
c;; Tone 0 106 37 291 22 106 55 42 | 659

Total 270 132 950 35 360 187 155 | 2,115

MLIT, September 3, 2012



Damaged levee
-+ along the rivers
“ = controlled by the
Central government

Kitakami River

Abukuma River
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_ Major damage
2 . Moderate to minor damage
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“Major slumping of landside
'-'.--sl‘o e of Naruse River rlg ht.
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" Longitudinal Cracking and
Slumplng of the Kasumigaura
. Lake levee
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_ _.Successful example ofisoil improvement
&y of Naruse River rightlevee at river
kllometer 14 7k+90~14 9k+70

No observable damage in the improved levee
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Damaged housing land in Sendai City

AT Number of damaged lots are 5080 in total on May 31, 2012
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Damage housnglots 1 Sendal Cy
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Repeated damage In
Midorigaoka 4-chome, Sendal

1978 earthgauke

Legend
e Ground crack
B Total collapsed house
partially collapsed house
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2011 damaged area
About 100 houses
are damaged)
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2011 damage |n Midorigaoka 4-chome
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Midorigaoka 1-chome

Countermeasures

1978 earthquake Area has been converted to
a green park

Steel piles
Retaining wall
Drainage well




Collapse of Fujinuma earth dam
Southern Fukushima Prefecture
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flood

Vlllage attacked L



Landslide of natural slope

Rock fall at Ohgo, Ibaraki Prefecture
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Failure of natural slope at Hanokodaira
Shirakawa City, Fukushima Prefecture Towhata et al. (2011)



Landslides in Iwaki City,
Fukushima Pref.

Miyagi (2011)



Concluding Remarks

» Geotechnical damage due to the 2011
earthquake was widespread and severe,
which includes soil liguefaction, levee
damage, dam collapse and landslides of fill
and natural slope.

» Liquefaction had the most significant
Impact to structures and facilities.

» Countermeasures against liguefaction,
landsliding and failure of embankment
were demonstrated to be effective.





