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Locations of Nishigou dam, Hatori dam, Oogaki dam and Miyama dam
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CIEAE] L LTRBLAESERH Lo Z0

A9 (1934) 4F, KMy FEEH S LW TIPS
WEFD 15 (1940) 4R (2137 EFHE S I CPEMAL L EEK
W7oy s be LTEIL, BA16 (1941) F127
BHIPIZ 27321 Tm’ 2B A S A RHERL, KR
J?mmm%%ﬁﬁﬁ?%laéﬂ%%ﬁ%L &S
LCEFESN, ZTOFFEF, AENW, Bmd (H
KER), SFANT, KW, R, REk B L 0TS

#2135  (2012)

A

sw &
G P\

= "r'-bf

oy nu;ﬁm[z

Fig. 2 EI(T%HKE?HEL %%@ﬂ%ﬁuxm it

Beneficial area of Hatori dam in Shirakawa Yabuki farm land

reclamation project
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Fig.3 I8 % 4

Overall view of Hatori dam
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The outline of Hatori dam basin
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B L OFEIC% Table 1, HEHEREWITH, Fiis L O
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6.19x10%cm/s # L T\ B, IRARLEDOFEMIL, 37
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PEETLAZBGoMMEtDS v %V REEIZLHK
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9B LU0, COFEFEICH T LMEERI,
=0.0kg/cm’, @=25° (LiEM), BLO, c=0.0kg/cm2, )
=28° (Fifll) #HRHLTw2% (Table2), X512, ¥
E@#ND%%?%;D%%&ﬂJ%&FiQ%J%z
WEEHF, 1953) Ol & O MINT ) miEiC X
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BB BEREERKIE, ERMNZB VT c=0.41kg/cm’,
9=8°, TMIZHB T c=0.88kg/em’, ¢=15° %M L
TWwb, BiMEE I L CR—BRoMIRIZ LT
L o BETORLZEEOLEGETOI FT—R 245
X375 —2DEF6 7 —2) &I 107 —AI2E

TIRNEEHR LTI L o T b, T MlEmIca L

Table 1 J1E % 2 DF47C

The specifications of Hatori dam

& BRI | BT | 19564 (BAI3LAE), SRS 74
L BB I R BHAR R H2E (AT 16 ~ 85 TR i~ 39 4F)

mweooon TR 1 RSN FLRE b AR IR S B KA

B X | BRI T A VA H MADN (AT ¢ 1 608ha)
®OOw 37.lm IR 169.5m

b7 N 318 Fm’ AR b 13,5, T 1220 ~ 2.5~ 3.0
SETHAR = EL.690.30m IR KL EL.686.00m

it 38 TR 42.69km* (EF%) K T AR 2.01km’

oK = 27321 T m’ AR K = 25951 T m’

MR (2011453 H 11 H) OHFKAL : EL.681.80m (B KL -4.2m)

T
110.25 ?.4559.01] 142.50

| eL 690.50

Fig.5 )58 ¥ 2 O T =

Typical cross section of Hatori dam
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Plane of Hatori dam
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Longitudinal section of Hatori dam
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The stability evaluation of Hatori dam body
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The stability evaluation at upstream body of Hatori dam The stability evaluation at downstream body of Hatori dam
Table2 J155%5 L DEERH
The stability evaluation of Hatori dam
SAR DL ORGET 7 — A LA SENERS & AR EE
IFARENZ RS % SRR D2 E 242 | iR 9.0% 7K 91.0% c=0.0kg/cm® (M), ¢=25°
(AL L THET)
. E (G CBEEIRE TS & L CET) 3.41  |{2830.0% AKH 70.0% c=0.0kg/em” (#EH), ¢=25°
IR AWK 3 5 Tl % 203 | Tt EEE Tk L& [c=0.0kgem® (), ¢=28°
[ 1.84 | FiisetE e Ttk t® [c=0.0kg/em” (M), ¢=28°
RS ERE T L2 a o Bl o%E | 3.01 | KHUIREE & S fiKEE c=0.0kg/em’ (MEH), ¢ =25
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The rotation slip stability evaluation of Hatori dam

FHERFAT - BEE—HE - AREEE— 0 PR 23 45 (2011 4F) WAL T AT R 12 & 2 B RSER 7 1 V&7 A ORE

L3R ORRtr — A LA SLIEAT & A WTRE

S A S > PR 1.70

PP &) SR LR BHAE | emodlkgont, o8

34 —2)
1.73

S e - ] 1.73

FUREER £ 0 BIEERE I2HE LR A S FER 176 e e = 04lkglom’, 9=

3 —2) e

ERETORMVESORCHIL (47— 2) 2.59 ~ 5.31 &= c=041kg/em’, ¢p=8

N AR oA e N

Z@@fﬁihﬁﬁﬁﬁa%L&ﬁ«mamm 4.91 TUAE LR | c=0.88kg/lem’, ¢=15°

T O BB O 2 7 —2) 143-4962 TR | e 088kgom?, o= 15°
7.24

TiEmOHESOER L 37 —2) 7.53 THmE R | c=0.88kgem’, ¢=15°
13.00

THIKHBENCHET 2 A1 7 — A, RIS 5
F—ADGFT6 r— A% FEML, RN L TE
LE 491 L5 CW5 (Table3),

HERF OLEEOBENIZR L TId, BaTRESE i
ENTWRVEELBIFICBWT, ZEFEICBITLHE
B O RBERBICE L TR — SNz RBIEIR S
TWirholz, HEICEL TR, RFLAZHRDFEDIR
131 (1956) FFREMKAERBHMFICZ L 2 L BFHERT
W REFT M 3 HREATE LR T — A5 4 (ER) 2B
WTRERRIC [HELZZE] §5 25k T
Vh (BRERME, 1956), K5 ADFE - i LFIC
X, WEBROZEEOMFTIIZOL ) RIRWTH - 72
B, RS ATITHE 2 ZE L7z LiREEo Mk~
D EEOBNTICB W TRERERE 0.2 LSERE 0.5 O&
MR 0.4 ZHRH L, 224 1.03 & 72 o T 5 (Fig.11),
FRRIC MO A RERE* B L -, ARERE 033
TIRZEHE 112, FRER0l TREER1B8 ELD
CERMERLMELOZEMEOMHEREL TV, ZOH
XD B B TREE R
=8° AL TV 5,

T A A A RENEE IR O ERAE & A E o
B OTIERBATICHAN, T EHERO B E R IZ AR
fERT, LREOEAMNE ) ZEE, sy ru—ghE
2 & AR O 7% &% & T 57 L %ET - Lo
B AD 7 SN2 IEAN 29 (1953) 4EFIATOEEHLHE [+
R | (ARG R, 1953) 2 & A TRk & 0 @A L
TE Y AT SN (B S LA EREREZR R
SimE, 1984), A MILEKEZNEST S Z &
THHALEL G2 EH LD, BLakLolil
FERICHG T ERBRE LR ER L 2 ROOEE 5 A
Thb (BELARFERFEE, 1979 XV barxX7L
7Ty 2iI2&pELL, STIEEAE 10em, fh

c=0.41kg/cm’, ¢
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Fig. 11 55 20 FiEE COMEN % Z B LMK~ D
LIER
The rotation slip stability evaluation for seismic force at upstream
slope of Hatori dam

E Y 5em, i I3EUHE 20em, A E Y JE 13cm, i —
YERAMNIDOY—-T T U—-FIZLASHEULED
R CTELTlERIN TS, HTFEREIL,
FICBWTEIRFBENK 1.20m°, &KLAH 50%, &
KRB B L %2~ 4x107em/s TH Y, EFHRBEIOMRL D
BIZFE—OMHETH 5o Tl ORI TIEHE S E A
¥ 1.4Um°, KD 30%, BRI 6x10°cm/s
THolre BETREDITIT60% 122472 % mHEik 12 HERIHE
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The construction machines arrangement of Hatori dam

oy aR bty s PHEHIN TS, $72, ¥ A
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(Fig.12 (RSELARFER, 1973b)),

Diko X912, BAEOM Sz - lLIZ#E T
TBT MMIEEIN TS,

2 BEfEL
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(BRI BRI 3 R K R E AT, 1955 5 BT
R B3 - e BLIX, 1982)
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Fig. 13 FTERBR)I B R SEKFIHE DOV & 2 D245 1
Beneficial area of Nishigou dam in Abukumagawa River Jyouryuu ir-

rigation project

KB FEE BH3E & DAL BIFRIE Fig2 2R) 1%, FyapR
N Z&KBE L33 EATOBUKEIZ X ) Bk L Twizas,
SEHHS L, EBRHOMITKE DL VWO TE
R KR G2 T o 720 BEAT 17 (1942) 41
BRI L) KRR Z R T 5720 ORI IS
HLLH, BRI RREOFIFEIC L 0 IEFT 18(1943)
E\HR L 72 BRABRDOIEF 22 (1947) 472 El R by i pR
M EFERSERFIESE (B (HET - 1) - A 1] -
PEAAT - i A - SRR, MFHELASTEHITM, 154,
EOKEK 0.8km) & L CTHB L7z, W45 4 (Fig14) 1%
AA130 (1955) 45 AICSE L7z (RN & & A58
BO—EFERT, COONB T ALRBTALEEDbNR
%)o RE MIEKMFEA/N S Wiz B4 HK % Ek
L CIREMIIC T 22 A L T2 (Figds),
b #LOFET-KBIT
(R BT BN 1 R SE KRR ZE AT, 1955 ; fe3E
TARFZ, 1973a 5 BTREI B T Hbeg B IX, 1982)
POk 57 2 DEETT % Table 4, FEHEERLMIH B X OVFH %
ZNZFIL Figs.16 B X N 17 12R T,

Fig. 14 V945 4
Overall view of Nishigou dam
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The outline of Nishigou dam basin

TEAE 7 ZI L EFE R EIZBE L TRE Y 4 RO
MEAR SN TBY, BH29 (1953) EFI4TOR%FE
e LR | (BAREEME, 1953) Oo#H %%, 7%
FrotsE L LOWE ZNERER L 22455 E ST
W5,

HEARREEE L THME OREKRY— ) OfiHEE
1x107cm/s 2 FRH L, SREEEHIEM B X et (F
B =) & HIZ c=0.5kg/em’, p=15° L T
% (Table 5), IEAREEOFHAMIE, FAIZHTR DT
7o & RIS SRR LR & TiRfllozhzh

DOFEM x—4, I LR E TiRmoEhEhzt —
BT 5 ZAROTRKEITE IS BT A KFHEENRN LT
FEHEL T b (Figs.18 ~ 20), ZEM OB MR D%
NZENORMERHEICB W 8L Bk —),
BLO, Lo Xacxt L COKREMER & BHH
MEROHATIZL Y RO EMEEZHRAL TV,
COEERITEE, BAESEKTIRIFEKEIL L D KFEEA
Wi, Liflo = AR IR KM AT Lo
EDOT X VRIEFEICLDKFEEANT, TRfllo=
ARRAETIZT VXV REEEFKREICL ZKEEA
W%k EBLCTWb, TNEOREEOHITIZBWT
X, ENEZEEL2VIGELKPFEEZ 02 & L THhE
NaeEZEBLIBED2r — A% FNEFNEHL TW5S
(Table 6), & 5|2, HIBONEF L L FEIZ, BHED
TN LEFE L) S e ikat i [ HIER] (BE
BEHLF, 1953) OFL & O MINT <) EIC L 5
FHROTEREZERL TWb, EiflsEm 3 7 —
ADIZRTIED BN, /NG EF 1.2 L7 5T\wb (Table
7B LU Fig2l), N5 OIS Hkx A%
EMOBFICBWTIIHMENZZEL Ty,
MAA123 (1948) O LHGHIEEFIR Y, FRAB
SUANN MOy TERTH - 7275, FIROBREL (FH
27 (1952) 4F) 12 THRE F 4 L FEBISRER 7V F—
I BIHY, i, FY VA -V A7 L —3—I2 &

Table 4 VH# 5" 2 DFETT
The specifications of Nishigou dam

(AN @ B VRV AT AR PG A4 \ T AR \1%5@(%ﬂyﬁﬁ,£ﬁ%ﬁ7$
HELK FEl =y BT R PR b3t KR (HRAD 16 4F IR0 ~ & APt~ 22 ~ 30 4F)
;oo TR AR B FLRE A LT A B K
oK LI T7Rl7 — A5 A H MAH (ZEEHF ¢ 2 429ha)
5 [ 32.5m RIHE 220.0m

b A A 360 T m’ AW LUt 1:3.0, TR 125
TRTER S EL.653.30m R AL EL.650.00m

TR P TR 0.3k’

k& 3299 F m’ HREr K& 3064 F m’

H WL 650.00

H 652,50

H 653.50
1
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Ty ) SRR S — T
4% ~
2.00 TU.ml
759 bL—"|

Fig. 16 TG4 4" 2 00 1 e Ak i i [ ]
Typical cross section of Nishigou dam
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Plan of Nishigou dam

Table 5 VHsk 5 2 DR E DML EH
The strength characteristic for stability evaluation of Nishigou dam

A7 ol B i o S ol I A £

B kglem® 0.3 0.5 0.5 0.3
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Fig. 19 VG455 2 OIRIKD Lt o %ese (R A2 TR O FF
The stability evaluation for seismic force at upstream body of

Nishigou dam

FrKERET S 2 HE

Fig. 18 VG455 2 O3 MhZe5E 0 #: A
The stability evaluation for seismic force of Nishigou dam body
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Fig. 20 V985 2 ORER O T HM %5 O FF A
The stability evaluation for seismic force at downstream body of

Nishigou dam

Table 6 VU5 2 DZ5EEHT
The stability evaluation of Nishigou dam

- ERS T T
I g EN — n
RiROBIE O —% Faa) | angn| "V [RRED | G
BrRKENZ X 9 % EIRIRDEE 450" 1138' | 2120 4.7 1.9
W7 KAE 30m O RFRA S TR OYE O . . .
K AT B Bl 055 (AR s M ' 08
TP AR B Ml O % 5E 577" 1045 | 1500 2.6 1.4
BE k=02
Table 7 TUE 5 A OFINT R 2551 H
The rotation slip stability evaluation of Nishigou dam
M) O 7 — & ey
FRERIZBY 5 LREAOREE 20
IFKAZ 29.2.m O & ZEIAKNDER E TR T LS E60 (Biflo) ZERE 1.2
IFKEE 29.2m DK H 5560 (Lilo) ZERE 2.4

c=0.5kg/em’, =15, HIEINFMEL
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The rotation slip stability evaluation at upstream slope of Nishigou dam

BHYRHERE, Ny T4 ) =B, STV L — R
oI NT v & AES Ty b6 brou—F—
R VEVTI PO —F— 12X BHED Vo 7ot
Wt L A2SFEARAY 12 B A SN TW D, BFFI25 (1950) 4
I, T AR OEEZR Y L CEERBREY BRI TV,
i+ o it TE T IREE 0.8 ~ 1.2tm°, &k 37 ~
89%, BEAFREILIZIZ 107cm/s F — FHFEREN TV B,
LK T 325 F a2 R B T SE R 2 S0 L T %o
F 72, BUKE:MN (FHE) DEETHC BV TIERAKBUK DL
RIEBRZER L T\Wh, ZORES D LI, BBk
HIBR A & BUK &AM 1@ K% B 5 B ost
WIZIR L 7 o720 2 O EITIIZIROKEEE & T HER
HONNVTHE OO, H[EEE L TIRERTH - 72T
RBABEEZ AL 2o OB 4 A EE L RES
HEZHLTWD (KB, 1955),

I SRR

1 WEEHL

TRY ALY LOMEE SHOMEL KEOE
Je & o BIFRIX Fig22 (Hi#E 12 "SEI-PC” (I - W4T,
1997) #ffH) IZRTEBY THD (KRIT, 2011a;
RAZIT, 20110, 50T, 2011c), [MH o [HRAEE] 1L,
FHEICBWTEHIENIRRKEETH L, MTLDE
O HFE DOREREEEEE, PSS ADE L% 260km, FEH
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Locations of Hatori dam and Nishigou dam, and the epicenters of
earthquakes
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Fig. 23 ST OHERIRERE AT X & VS 57 2 L VU 5 4 DAL
Locations of Hatori dam and Nishigou dam on the shaking-intensity
map of Japan Meteorological Agency (JMA)
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Seismic intensity and maximum acceleration of strong motion stations

near Hatori dam and Nishigou dam
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Acceleration response spectrum of strong motion waves near Hatori
dam and Nishigou dam and low-limit acceleration response spectrum
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Fig.26 HE Y A OMENRER (15:15 ZEL O HiE)
Acceleration strong motion waves of off Ibaraki (15:15 at 11th March
2011) at upstream right abutment of Hatori dam
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Spectrum of strong motion waves of off Ibaraki (15:15 at 11th March

2011) at upstream right abutment of Hatori dam
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Seismic intensity and maximum acceleration of strong motion stations

near Hatori dam and Nishigou dam
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Acceleration response spectrum of strong motion waves at Hatori dam

and low-limit acceleration response spectrum
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: Makubetsu H=26.9m

-------- : empirical formula-Earthfill

@ : Nishounai H=86.0m
M : Oogaki H=84.5m

¢ : Aratosawa H=74.4m
A : Sannnoukai H=61.5m
® : Zaoh H=56.0m
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@
v
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MIXX X

: Bisei H=47.2m
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: Ganndou H=40.0m

: empirical formula-Rockfill
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Fig. 30 155 2 L EHE 5 4 O E A 5 K 72 FAIRBE
) OSCHE (B9 5, 2002) O Fig.213 [2NEE
Eigen frequency at Hatori dam and Nishigou dam obtained by empirical formula for the height of earth fill dam
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Outline of damages of Hatori dam
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Damages of asphalt-paved road on the crest of Hatori dam
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Surface of trench sides across cracks on the dam axis of crest
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Surface of trench sides across cracks on the dam axis of crest
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Surface of trench sides across ramp cracks on the downstream slope
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Surface of trench sides across subsidence of crash barriers at top of downstream slope (left-abutment side)
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Damages of parapet
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Parapet after the earthquake
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Damage of connecting blocks at upstream slope
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Fig. 40 TFHERIOZ 7 v 7125 % Bl v a5 ) B

Ramp cracks on the downstream slope
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Fig. 41 HFERHI{%
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Settlement of crash barriers at top of downstream slope before (left figure) and after (right figure) the earthquake
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Settlement of crash barriers at top of downstream slope (overall view and detailed one)
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Downstream slope before (left figure) and after (right figure) the earthquake
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Fig. 44 P15 % 2 OFIHWTE

Section of restoration works at Hatori dam
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Outline of damages of Nishigou dam
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Horseshoe-shaped pocket and bending of riprap stopper works on upstream slope
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Upstream slope before (left figure) and after (right figure) the earthquake
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Trench at horseshoe-shaped pocket on upstream slope
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Bending of riprap stopper works on upstream slope
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Open cracks in the longitudinal direction on the crest of dam
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Width of open cracks in the longitudinal direction on the crest of da
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Depth of open cracks in the longitudinal direction on the crest of dam
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Open cracks in the longitudinal direction on the crest of dam

(a) BU b Lo TR (b) WD LS FAREERER (o) B b LT AR

Fig. 56 3RTEZ 2802 5 v 7 OBIEITH

Surface of trench sides across open cracks on the crest of dam
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(a) HIFER(]

(b) HUEIEH

Fig. 57 MbEERi - AOPR L
Parapet before earthquake (left figure) and after earthquake (right figure)
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Section of restoration works at Nishigou dam
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Damages of Embankment Dams for Irrigation due to the 2011
off the Pacific coast of Tohoku Earthquake

MASUKAWA Susumu, TAGASHIRA Hidekazu, KURODA Seiichiro and HAYASHIDA Yoichi

Summary

The damages due to the 2011 off the Pacific coast of Tohoku Earthquake of two earth fill dams for irrigation,
Hatori dam whose height was 37.1 m and Nishigou dam whose height was 32.5 m, were investigated. These dams were
located within about 260 km from the epicenters of the earthquake whose magnitudes Mw were 9.0.

The characteristic damages at Hatori dam were 1) cracks in the longitudinal direction on the crest of dam, 2)
cracks in the longitudinal direction on the crest of dam near the top of the downstream slope, and 3) settlements of the
partial crest of dam and displacements of the parapet.

The characteristic damages at Nishigou dam were 1) the longitudinal opening cracks expanding in vertical
direction on the crest of dam, 2) settlements of the partial crest of dam and displacements of the parapet, and 3)
bending of riprap stopper works and horseshoe-shaped pocket and slipping of the riprap on the upstream slope.

As a result of the survey by the trenching, the cracks in the longitudinal direction on the crest of Hatori dam and
Nishigou dam did not reach the impervious zones. The dam functions, seepage control or water storage function, were
secured for Hatori dam and Nishigou dam. Damages of two dams were not so serious for dam structures to lost the
seepage control or water storage functions and recoverable in complete.

Hatori dam and Nishigou dam, which were constructed before seismic design code had been established, had an
enough earthquake-resistant performance as well as the dam built with present seismic design.

Keywords : the 2011 off the Pacific coast of Tohoku Earthquake, earth fill dam for irrigation, field survey, damage of
dam due to earthquake





