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Table 1 G/ FHETCHE
Properties of the investigated small earth dams
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Fig. 1 FHA&7-OMAER
Positions of investigated dams
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Fig.3 P4 L 7-FHHD

Aota-shinike dam after breach
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Fig. 4 #H#ithFix

Plan of Aota-shinike dam
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Slope stability analysis of Aota-shinike dam
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Calculated settlement of Aota-shinike dam by the Newmark method

Fig. 7 JWE L7zt (Tih 5

Nakaike dam after breach (viewed from the downstream area)
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Nakaike dam after breach (viewed from the left side)
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Fig.9 =V HRKIKOMEWT 2 T v 7 (Fer bl
Longitudinal cracks on the crest of Mitsumori dam (viewed from the
left side)

Fig. 10 LRFHIARAOZLE (LisFma R & 0 ik
Deformation of stone protection on the upstream slope (viewed from
the left side)
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Cross section of Mitsumori dam and the depth of the crack
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Longitudinal cracks on the crest of Domae dam (viewed from the left
abutment)
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Fig. 13 FRith O R K&
Locasion of leakage at the toe of Araike dam
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Fig. 14 HHOGHO LA T~ (Bl 53

Sliding on the upstream slope of Iwane-oike dam (viewed from the

reservoir)
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Fig. 15 AHOGHO LRFTE <) (GRS irg
Sliding on the upstream slope of Iwane-oike dam (viewed from the
right abutment)
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Fig. 16 KWKt 7 7 v -7 (FEEH S Hor

Longitudinal cracks on the crest of Otani dam (viewed from the left

abutment)
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Fig. 17 D&M - v/t - T oK

Plan of Janohana-kamino, Janohana-nakano and Janohana-simono dam

Fig. 18 dgofurh /it B30 CERA L Y ¥
Sliding on the upstream slope of Janohana-nakanoike dam (viewed

from right side)

Fig. 19 g5 b/ LA 3~ (e Lifl & b #cE
Sliding on the upstream slope of Janohana-uenoike dam (viewed from
left upstream side)
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Fig. 20 HlljE 72 0 o B SERM
Condition of Hosowarabi dam after the earthquake
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Fig. 21 MipR/-0oiho KL — 55 Dik
Leakage through a pipe drain of Hosowarabi dam
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Fig.22 E#HMRmOHMMT 7 7 v 7 (HHNZ T HEEH)
Longitudinal cracks on the crest of Sakabuta dam
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Fig. 23 (Fizih & it & OB RO i
Failure between Sakabuta dam and a neighbored fishery pond

A TR 5 U

Fig.25 it A b FURA OB L

Erosion around the entrance of the outlet pipe at Futaike dam

Fig. 24 b ERBHO$T~<D

Sliding on the upstream slope of Futaike dam
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Longitudinal cracks on the crest of Mitsuike dam
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Fig.27 =V iEAEOZLAN L

Deformation of toe drain blocks of Mitsuike dam

EFtRlEm o<

Fig. 28 S LBl o3~ (R LY H
Sliding on the upstream slope of Shobu dam
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Fig. 29 Bt byt i % b T oo 2]

Falls of erosion-protection walls on the upstream slope of Shobu dam

Fig.30 JboN7zoih Eighn o4

Sliding on the upstream slope of Kitanouchi dam

Fig. 31 JbtoWN7zoil LR OT<Y (R LD

Cracks on thecrest of Kitanouchi dam (viewed from right abutment)
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Fig. 32 HrithdPegoKIC & 2 i o JokItok B D 0 2
Erosion around spillway of Mega dam caused by run-off water from
breached Nakaike dam

Fig. 33 JEAA AR MO GO L

Erosion of the upstream slope into the cracked inlet pipe dam
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Fig. 34 HZMWOEHIEHOFAM L

Deformation of toe drain blocks of Takuwa dam

Fig. 35 HIZith/e it o B #% O 1

Failure of a road along the reservoir of Takuwa dam
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Fig. 36 T H Hith Ky & FALH
Crest of Jyukanda dam and Tohoku-super express dam

WICHENT 7 7 v 7 (BS 13m, 0§ 1.5cm ) AUELT
V72 (Figd7)o BRI T D) 2 S0 E TR S 1
%o 12 AT (6 F 6 H) THAKALIZIHAKA X D 0.3m
TTholo

ot (FEE]™)

W 7.8m, FHEFUKE 175700m’ ORI N &S 4 T D7z



Ui A - RERALL - AREAE— P23 4E (2011 4F) BUELHLTORSFEEMHER 12 & 2 1R B 0 7o D ik S 0 KR & I B iR 187

Fig. 37 +HHEWKImOMEN 7 7 v 7
A longitudinal crack on the crest of Jyukanda dam
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Fig. 38 {i- Pl -5t o0 1 7%

Sliding on the upstream slope of Sasadaira dam

Fig. 39 P THRMED 7 7 v 7

Longitudinal cracks on the downstream slope of Sasadaira dam

Fig. 40 —Oii kgHan s 5 v -
A crack on the inclined inlet pipe of Futatsu-ikeue dam
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Fig. 41 iR 7 7 v -
Cracks on the crest of Matsuyama dam
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Fig. 42 W RimD 7 7 v o
Cracks on the right side abut of Araike dam

Fig. 43 ZEPML LWRATHRY 70 v 7 oFh

Movement of upstream slope protection blocks of Karoushi dam

9599 KYLFRIH R L&

Fig. 44 ZEEWIMWR I Z R O 7 5 > 2

Transverse cracks on the crest pavement of Karouchi dam
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Fig. 45 J\/ [ith D3k & /c itk o i %
Embankment of Ynokuchi dam and a failure of the reservoir shore slope
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Fig. 46 /\ [ithift/kito> H#h D B &
Open gap in a joint of the spillway concrete of Yanokuchi dam
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Fig. 47 4Eitls b5t
The upstream slope of Nenjyu dam

Fig. 48 Mg 5T /it L
The upstream slope of Janohana-shitanoike dam
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Patterns of failure induced by the earthquake
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Observed failure patterns induced by the earthquake
Gy 17 (LR 7zt AR
O | ROk T 4 FHZity, P, A, Al
< s EETHD, AR, We o B ¥ b, = R, I
@ | ERAEOTY - BBLL U | S, wnt, Ao, i, M "
THATOTRY - h7IL 5| Ry, FHHNL, B, fFh, =vib G5 2)
@ ) LIEAEOZIY - Bl 3 M, =i (%2), 7
HH BN, Kpe, R g L = i
@ | fitir 7 v o 19 | B, #rl, AAfMB, Swib, HEM, Tl =vih (552), +
M PP, A, Lo, T, Mkt
® | Hilrr 7v o 6 W b, FHEE, Lo, P, REWM, MEkih
AT AL ST SR, AR, kg SR i, ke Rk =y i, i
@ | TRAEREOLT - G U | Wi R, i, RER ont
5 B SEERHE O b T 4 FHIL, M &b, =R, B
@ | EMEOBIE - W - 2L 2 T,
Hoka > 7)) — N HILOR X 2 HZith, /A Hith
B O BIHE 2 Tk, A
@ | Fusphm2 S ok 2| i, Gillpgite)
® MBFRHE - B OREE - 57X 5 EHL, W, T, N i, HEh
9 B BUEFRHE O P BR T 0%z 3 ECEIM, N 5, HEM
@ | hkiE 3 FHHM, b, Bt
RTIEIHEIE T AT & 5, BB OTR) OF WAL T E RWERIDZ» o7,
@QLAFMEDOTANY - ZHEL QT RAMAEDT NV

2HEHICLCBEL TV BB, FRfHOT <) T
HbHo HEMIZIE, MVELWEIZL T, KFRED
FV BRI BV TIRAE T OFREIMET LT, $AR
WHENEET LD EEZONDL, SRIOMETIE, 72
DMATAIRIETH DAL 0o 7720, HWER

=iz

—

<
S

TN TR AL L T L HFITIE,  RiRFHE
IO BRDZEA L, RO T o TV AHENRL .
ZD X BYE, BELOBESET L, LEEIKRE
T LT BT REEATE e PUEE L 72 F M <l
BB S IRV D72 o THRFHImIZ XY 28



YE o RAN - BEPRUL - AR P23 4 (2011 4E) ALHTRTREMLEE I X AR IBIR O 72 D it SO R & IS 2ok 5 191

ORIHDERAIIL T

@ LifEOT Y « ZHIEL

@ T mDOT Y - 2HIZL
@ORIGOHMMWT 7 7 > o
(OFSIIL . A

® LR RO LT - PR TR
DIERBE OREIR - BEBL - Jik
OfFiEy (Boknt - £ OREE
@ Tt m 2 5 DIFA

O - R T OB - 30

(AU/S:

Fig. 50 #5,%%

5 10 15 20
e i= bRk

— VDN

Numbers of failure patterns observed in the investigated dams
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Damages of Small Earth Dams Induced by the 2011 off the Pacific coast
of Tohoku Earthquake

HORI Toshikazu, UENO Kazuhiro and MATSUSHIMA Kenichi

Summary

Many small earth dams were damaged induced by the 2011 off the Pacific coast of Tohoku Earthquake. 3 dams
were totally collapsed. The reserved water ran off the downstream area and killed 8 people. In this paper, conditions
of each damaged dams and the features of damages were described. Longitudinal cracks on the crests and sliding
failures on the upstream slopes were mostly often observed and falls of wave protection wall on the upstream slopes
enlarged the damages. The water levels of the dams when the earthquake happened were full because it was just
before the irrigation season and it is one of the causes of large damages. In order to prevent breaches of the damaged
dam after earthquake, emergency measures such as investigations of the depth of the cracks and controls of the
reserved water levels were performed.

We proposed a method of countermeasures for small earth dams against future earthquakes. Year of past
countermeasures and damaged area in case of dam breaches are important factor to select dams which need
countermeasures among 210,000 dams. After that, soil strength of an embankment using boring or sounding should
be decided for a stability analysis or Newmark analysis. Finally, we can decide small earth dams which need disaster
mitigation.

Keywords : small earth dams, earthquakes, damages, emergency measurement, disaster mitigation



