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2010年Chile,Maule地震

2010年
2月27日
Mw=8.8

現地調査を行った
のは2010年3月28
日～4月4日

Arica CalamaCalama

Salar de AtacamaNear Iquique
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Silty sand

Poorly graded sand

Well graded sand

Low plasticity silt

Clay

Clay

Concepcion

(A. Cecioni y 
J. Quezada)

Marine deposited soil

Tubul formation

Navidad formation

Millongue 
formation

Tubul Bridge

Laqui ⅡBridge
(Carta Geologica de Chile, 1:250,000)

Concepcion
・アパートの沈下・傾斜
戸建て住宅の沈下 傾斜

調査ルート
液状化による建物
の被害

・戸建て住宅の沈下・傾斜
・下水道タンクの浮上がり

Curanilahue
・病院の沈下

Concepcion Airport

Tilted RC 
Building

Parague Central

Inclined houses

Brisa del sol

Ｖａｌｌｅ Noble

Inclined 
houses

Inclined houses

Inclined 
houses

Bayona

安田研究室　2010年チリ・マウレ地震



3

Pargue Central
Damage due to liquefaction: 
Tilting of 8 story apartment building (Parque Central) 
One out of four apartment building was tilted by, possibly, liquefaction of backfill.
The area was swampy.

For construction of foundation;
•Native soft soil was excavated 4 m deep.
•Well point method was used to lower the GW 
depth for compaction.
•Backfill was compacted every 35 cm

Tilted 
0 77

0.27 cm

•Splashed sands on the wall indicate 

13m

Backfill
4 m

GWT= 1 m

20 m

0.77 
deg.

p
occurrence of liquefaction
•No glasses were broken
•Buildings are not heavily tilted (0.77 deg) = 
Liquefaction was minor.

2 m2 m

Native ground: Swamp

Settlement of the buildings of the Hospital Principal in 
Curanilahue due to liquefaction of backfilled sand?

Pushed about 

2 id
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Bayona

Uplift of sewage facility due to liquefaction of backfilled 
sand (San Pedro del Valle in Concepcion)

Sewage 
tankValve 

room
Uplift:1.2m
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Ｖａｌｌｅ Ｎｏｂｌｅ

Countermeasures
1. Compaction
2. Cementation with cement or lime
3. Other methods

(Photo by Prof. Berdugo)

Liquefaction-induced damaged 
did not occur  at the treated 
ground by dynamic compaction 
methods at Ribera Norte in 
Concepcion

Arauco
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San Antonio
被災地区と無被災地区

Iloca
家屋の被害

津波の発生およびそれ
による構造物の被害

PTE El Parron
落橋と津波被害

Dichato
家屋・埋設管・護岸・橋梁・電
柱などへの影響

A 4 to 5m high road dike 

leading to container yard 

t d t i
33 605738 71 625538

Tsunami surged 

up here and 

fl h d h

-33.605738,-71.625538 
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PTE El Parron
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Paso Superior Hospital
落橋・盛土崩壊

Santiago
落橋

道路盛土および
橋梁の被害

Puente Rio Claro

PTE Juan Pablo2
橋脚沈下

Puente Tubulなど
落橋・盛土崩壊

Puente Rio Claro
落橋

Lota Norte
盛土崩壊

P300

P301

P304

Abandoned 

bridge
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Crack A

Crack B

Crack C

Paso Superior Hospital 

18 : 8 

12 : 7 

14 : 8 

11 : 7 
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About 0.7 to 1m 

hift d id

Crack B 

Line E 
Crack A 

Crack C 

Crack D 

0.15m
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Puente Rio Claro
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Damage to road embankments and bridges on 
soft clayey grounds

Lota Norte

Measured cross

A

B’ 

B

A’

-16m

31m 

64m 

11m 
-7m 

Measured cross 
section

0 50m 

B 

A 

A’ 

B’ 

South end of embankment: -37.074808,-73.147734
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Right abutment: -37.2319,-73.457208

Left abutment :
-37.074808,-73.147734

Tubul bridge

Puente Tubul

安田研究室　2010年チリ・マウレ地震



14

PTE Juan Pablo2

Summary of soil condition of failed road embankments 
(1) Filled on swampy ground
(2) Surface soil is soft  and clayey 
(3) Water table is shallow
(4) Embankment material is clean sand in Lota Norte

RECOMMENDATION
In design of road 
embankmentsembankments
(1) Improve the ground by 
cementation etc.
(2) Appropriate slope angle
(3) Selection of appropriate 
banking material

Gracias!
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Varparaiso 
岸壁背後地盤の沈下

港湾施設の被害

Coronel
岸壁背後地盤の流動

Lota Bajo
桟橋形式の杭の沈下

岸壁背後地盤の流動
桟橋形式の杭の傾斜
桟橋形式漁港の被害

Coronel
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0 3m 

100m 

Varparaiso
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Coihueco ダム
法面すべり

ダムの被害

法面すべり
天端クラック

20

-10

0

天端幅
5.2m

法尻水平変位
1.3m

地震前

フィルダム

-50 0 50

-30

-20
上流側下流側

鉱さい堆積場の被害

Florida（金の鉱山）

Veta del Agua（銅の
鉱山）

Las Palmas（金の鉱山）

Veta del  Agua
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Failure of the Tailing dam at La Palma
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6m
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Photo 
before 
earthquake

Debris-

Failure of the 
Tailing dam at 
Las Palmas

Ａ

Ａ‘
8m

-100 0 100 200 300 400 500
-40

-30

-20

-10

0

10

20

1:16

Measured 
cross section 
along A-A’ line

covered 
area

Four persons were 
buried to death 
under the debris 
mass
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Same problem in Japan
Failure of Mochikoshi Tailing dam in the 1978 Izuohshima-
kinkai Earthquake in Japan

Problem to be solved in Chile and Japan
How to maintain abandoned tailing dams?
(1)Stability of slopes during earthquake

Decrease water table in tailing dams
(2)Environmental 

Drainage 
facilities at 
abandoned 
Mochikoshi 
tailing dam

Arauco
海岸の斜面の崩壊

海岸部の斜面
崩壊・隆起

San Antonio
海岸段丘斜面の崩壊

海岸の斜面の崩壊

Surveyed from 
helicopter

隆起
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72m 

53m 

32m 

53m 
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Failure of the Tailing dam at 
La Palma

Settlement of buildings 
and houses due to 
liquefaction of backfilled

その他

liquefaction of backfilled 
sands in Concepcion

Surveyed from 
helicopter

Damage to road 
embankments and bridges 
in soft clayey grounds

 

その他 Santiago, Maipú
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Concepcion

震央直上のCobquecuraの状況
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