[%Iﬁﬂi% ZBJ
145~173, 2012

145

SR 23 4 (2011 4F) BALHF KSEEMHEIZ X S
RN FE iR 380 FHHEK G5 o B 2 b 4

BB R R AT WEIEE T

I ;{%— % ................................................... 145
I iﬂ'ﬁ%iﬂ ................................................... 146
1 i‘lﬁ%&?@‘] }: %&%ﬁ@tﬁ;%ﬁ ................................. 146
2 %(JEB ig Ui‘&%ﬁj@#%’:?ﬁ ........................... 146
il gﬁ]%ﬂ:ﬁ%% ................................................... 148
IV RIS R0 BRI DO E - 148
1 E}aﬁﬂﬁ,ﬁ ................................................ 148
2 E}aﬁiﬁiﬁi@iﬂ%iﬂ .................................... 148
3 {ﬁzllj(,ft%})iigg }: %@Eﬁﬁ%ﬁ .............................. 148
4 AERIHBIK DBEEIRIL - oveememeremmeereeeeeeennn 149
I #& 8
2011 4E3 H 11 H 14 F5 46 53 T A, =FEih 6 KR

AT TORFEERFETY T =F 2— F 9.0 (M,=9.0)
OIEFICKRERMENFE L, 3HILH, A87IX
COWMELY [FRK 234 (2011 4F) FALHL G AR Hb
) (DY, Ao L) Lad L7z, M=9.0 #
HOMWEI DO EOBE LIRATH Y, HREET
TERET, HFE2LTERE CORVHEIFITREE 65
VLEDBRWENDBIl Sz, SRIOMBEIZ L I L&
ATHAHEZ, 2011 £ 11 H 14 HHFE LTI TAZE2
771 T AL EORERDRIZA B H 72 B 20 % i e
CENTWDE EHARRESEHG AL, 2011, 4
B O#EIC & 2 R - BEERMROWERIT 2011 £
11 § 7 HITE, 39,322 f@&fr, #HERAEIL 8,302 fEMI2E
L, BRI 17,456 T, 4,012 8, 54, 720
INA T T4 v, KT & O BRSO EEAT 21,457
&, 3,658 &1, A A B Rk O $83E AT 409 AT,
633 ML FERINTWVD (BMKES, 201la), il
OWEL LTI, B X 2HERHEA SO EI KX
<, HEHEMBIIRTFERREO6RTH 2774 T ha
EHE SN TWD (BMKES, 2011b), 2D X H 1245
EOMEIC L 2 EH - BERRROWE RO THELRT
Holze WEETHLLHPETIE, SHILNV27T

* i ik A 2R SIS b A B A 24

SR 234512 H 14 H23

F—7— F PR 23 4F (2011 4F) FUALH GRS E I HEE, H
EIZ L 20, WIRME, HBPEKE, BHHiRA

\Y4 %— g ...................................................... 166
1 BRALDZEA L HTEDBALR vovvvrrvrerereneees 166
2 BHKEEDH B DIFEL e 166
3 KEEREOMBOWE L ZOMKDOEZTT -+ 168
4 WSS A HEROKEOHEE &

ﬂ'ﬁ—;‘%ﬂ%ﬁﬁ» .......................................... 170

VI 7’% % ................................................... 171

Z}%j{ﬁfﬂ( ...................................................... 171

SUMMETy  ++eseseseersreresemmeerint sttt 173

ADWEREAENHE SN KEIH L PFEMEIEO B
B EAL RIS 2200121, SEOWEIC X S EM-
EERBROWEDOILIR L 5 21T, ZOMRE K
XRIZENT LU ETH L, KRETIE, FARIT
TR C R A L 72 FIHEKEE S O IR b E 3 2 % ol
WCHLBIC X o THRAET 2 KRS OB RE & it
FOEZFIZOWTHRRES,

%B, HIHESB L OBHMIES T, KREEHK
FEHR, T-HREVLRMOKEERS, FREC BB, ARdk ik
HFT, R BIX, FIARJIKGR T e B
HBHOBREA L D ERHRALE X OB IR O %
B0 F L7 61, KWE L) HEFMXICBIT LA
MEBLUWEREICHTZ Ty 2t L CTHE F L
Too TTIWRELTEHERLE T, T2, AXOHIXIE
HOVERZ X E L2884 FE L i B O T E 1 Web &
AT NSRS L O AN A S S THE L
720 WBPETAZOWTIFEASIT & () B SR Bl
FHTOT— % S CHE F L7z, iRIbHX ot
Z2B B 2O 1% Google earth D7 — ¥ % i)l S CIH
EF L7z MHEs X OEIRMLERE L E O 7 — & 1200
TIEBI R RFEE R SN T =7 B LU Z
ORI ) B KR AT ZE AT 2585 3 % B —
FAT— a2 SIS THEEFE L, 612, Ak
HIHD K —1) > 7 F— Z 2OV TITE LA EE A EE T
5 E L HABERRETA LD F -y AT S CHEE
Flie TTICHRLTEHRHZERLFT,



146 B CEERF e TR

I s

1 HWEEEWE O
SRIOMEZ, BT FRTFENEERE L, HAY)
BAHRELIEKTL = EZDOTFIZRARLKFEET L —
FNOBRCTEELLTL - MNERBETH L, ZOHE
DFFBIL, BE 6 Tl LOMMWIENIE TR 6 TR
FCORBPTEN S, HEBOMKEEANE O H
BIIEREWZ LI2h 5, MRUEOMIETY 3 5L 1
ODEVENLPBI S Nz, HEBOBET D KE L,
BRI O SR B A B0 I AL HL T IR R S R T2 )
Mo CTHRICEE) L7z, E1z@EE T (2011) <
1% GPS BB S 0 7 — & AT A 5, sl FE R
BT R A IAACTER 53m, $E4 1.2m GET) o
WHEZE D S > 72 E BEL TV D, ZOMBETFIZ LY,
HAL T O KRR R T 20 ~ 80cm o HifiE ik T A
X, BHSORAKBEEIIK L2, HICTFHHEOZWE
PRI LI R R D S 9 dkm OEEPA F TIRAK L 7zo BEIRHE
EZEPNCATOREETH Y, 5 Im DL EoFER
b HHAL, B, BAVE, JUNHLITIZE B KT
Bl —7 CEM S i, AFRB L OERETIE 10m %
Wz BRKE, M EEAE SN, REME SN
TR, THEIZBWTH 5m Ll Lo EE2 Bl & h,
FWAZ LD T REAREORE & 21 7 B O HE B AR

#2135  (2012)

LIHFETH Y, KRBT (2011a) OFFIZL T, #HE
B4 r A~ 7 =F 2— F 5 DL Eo4EA 517 m3
HELTWh, T, P64 (1994 45) JbifE s s
MR (M=82) O 4285 TH Y, SROMEDLKE
WEIDRD T THH 2 EDbh b,

2 BESIUHEFHOE
SROMWEBIVFORICEE L =ZF2—F7
PLEDOSEOEIESAG % Figd IR (G%F, 2011a),

200km

2011

\
38118
08 .

o -

Jrory I | XE
201138118

2011448780 é;;
238537 § 4 M9. 0

2011438

=
M7. 5]

y
2011544
178517 Q
2 st
35°N o (km)
60 0
o O
50 90

140°E . 145°E

Fig. 1 BN (KEFTERHIMEE)

Epicenter distribution of earthquakes (Improving data of Japan Me-

134523 T halZ#ET 5 (BEMAKE, 2011b), KEIGH teorological Agency)
ADEBRE | 2EBOMBHIE |
o 285K

139 140E ‘ 41 MZE ‘:J:é;«&ﬂ_z

IEEERR: (REW)

40N

N |

36N

ERY 4

|

BEEOWERE]

0 50

100 150 200 250 300 350

efd (70)

Fig. 2 R X ZHEEERTE D040 (ROKHERF LA ERHINEE)

Observed accelerations in Tohoku-Pacific Ocean region (Improving data of Earthquake Research Institute, University of Tokyo)
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Fig11 VX OWCRILKE (5 2)
Liquefied paddy in Nishisiro (No.2)

Fig. 12 A#N#IX OWARILKE (M5 7)
Liquefied paddy in Kokuno (No.7)

Fig. 13 A X om ekl (M 6)
Main drainage canal in Kokuno (No.6)
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Drainage pumping station in Kokuno (No.5)

Fig. 15 RN (HaAF5 4)
Test trench (No.4)
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Fig. 16 fH AKX OHARILKE (a5 9)
Liquefied paddy in KessaRokaku (No.9)

Fig. 17 WE#HIZ & 0 #3% L 72 Hkis (b5 14)
Drainages Buried by liquefied sands (No.14)
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Meandering of drainage (No.8)
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Fig. 19 PEkloFEE, @i (MEES 10)
Uplifted or inclined drainage (No.10)

Fig.20 FPKBOMEE (MWaF5 12)
Inclined drainages (No.12)



KI5 - JESEE - R FR - PERUERE - P23 4 (2011 4F) UL AR HBER I X B IR UG R o KR SE OB E L R 153

Fig.21 Ky 7 A A WoN— NS4 L7zBE (WA Fks 1)
A relative gap between the box culvert and ground (No.11)

Fig.22 HIkL VA v 7 BEAHTOTIRERE (HaFs 1)

Tensile failure of the joint between the main culvert and the wing wall

(No.11)

Fig. 23 THAH 2 B8 o sk st 15)
Damages of the second drainage pumping station in Nishishiro (NO.15)
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Fig. 24 PRI O A & kT IEH

Unevenness and damages of joints of unglazed drain pipes
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Fig. 25 MWFRE O O A
Inflow of liquefied sands into an unglazed drain pipe

Fig.26 K—1) v 77— % M
Location of the points of the boring survey
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Fig.27 N & IRILOBIR (FEFH 1)

Relationship between N-value and liquefaction in Area 1
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W T, MK OBEREIZOWTIZ T RTHERT S
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Relationship between N-value and liquefaction in Area 2

Fig. 29  §ArHh 7 & IR LS AR e HEBH

Surveyed sites and estimated areas of liquefaction

Fig. 30 X
Land condition map
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Fig. 31 H#EMT % o B#ER: & FofE (L, 2011)
Geological column and F, Value at Kono (Yamada, 2011)

Fig. 32 RBBIZHIRIL L 72K (b 1)
Large liquefaction of paddies (No.1)

RHNZ ARV S84 L 72 RS 25 2 D 0 JAN CHEBL L, 7K
kS EORE R IREZ 2 LT\, Fig33 I2KHD
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Fig.34 |Z” T, KHOTOLIIHLF LY OWELTH
D, fELETFRIDXBPDZIZ VHETH 572,

2) HEKEOWE

FE X T, BRIGHEE A ORI - T2 5
FUCHEAKRBE DS ST %o HEKEE O IIMRE S L O

Fig. 33 (I L7oARIbA B & RT3 (M5 1)
Fossil wood and lump of clay on the surface of the liquefied sands (No.1)

Fig.34 ORI (HMsF5 4)
Test trench (No.4)

Fig. 35 WEEDCHLE L 7Kkl (M5 2)
Drainages Buried by liquefied sands (No.2)

Tkl (BHAROF) THhb. ZoPEKETIE, H
BOWRAIZ L D F lkm 12D 720, BEHOBA, HHE
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T BERE XA L T\ 72 (Fig.36) o oy b (M 255 3)
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Fig. 36 HEHOKEODIL (HriFF5 2)
Drainages after discharge of the sands (No.2)

Fig. 37 HokEsoEivAas (HiidEs 3)

Inclination of drainages (No.3)
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Fig.38 A VERIZHEA L-BE (ukFss)
A relative gap between the public lavatory and ground (No.5)

Fig.39 ORI IE L -BE aES 6
A relative gap between the bridge and ground (No.6)
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Fig. 40 FHAMIK ORI & F7Hh r

Relationship of locations of surveyed sites and microtopography

%l A EZKE

Fig. 43 {CRfL L 727K H

Fig. 41 Ik (L38Hik Liquefied paddies
Estimated area of liquefaction
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D GERRAEEZE A ] EHESN TS, T2, /NEJ
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ZEPHE SN TV S,

XA CIE, KHOWET & BFEOMEE (Figdd), B
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(Fig.46) .
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Fig. 42 40X AN (Shdr) HKIEFART QT RIALE T 2 K H

Land condition map WCTh b WKISHEM T % Figd? |IR T, THISEM
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Fig. 44 &M O
Cave-in on the road

Fig. 45 KB DF L
Uplift of drainages

Fig. 46 ARELIZEIZ L 2 PRI OIS EE IR

Restoration of damaged drainages with wooden support struts

% Fig48 |ZR T, ARHX T, FIRII DR A 460m (2
DIZLT L, SBIRICARE, Z5AE LA EN5RE L,
NEOPEMIZFEE LB % Figd9 12”7, B2
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MEORBERIZIBE->Tay 7 ) — b EHGERYKE
DT STz, HEKEE T, BRI S A 72

NEDKEX
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Hokig BIGERT

Fig. 47 FAcHh

Surveyed sites

Fig. 48 A

Land condition map

Fig. 49 IEPiikmo s (JI1%)
Cracks on the slope of the bank (on the side of the landward)

LICXARIERZT, RROBENAALL EOEEGHFE
L7z (Fig.51)o FAERM OIEGL, FAARME, S
7)) — N ORI S EIE S e, Figs2 T
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Fig. 50 50 b HE S N2 mmE (113E)
Cracks with a step and bank materials (on the side of the landward)

TR FIARET A1

Fig.51 2> 7Y — MRBIAHKEOBIILAL (JI13)

Inclination of concrete pile drainages (on the side of the landward)

RPN 1A 7% (o S/ AR VAT,

A
EE

Fig.52 %av 7)) — s 0El
Cracks of the concrete cap
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Fig. 53 F7s i & iR L S8 A HE e i

Surveyed sites and estimated areas of liquefaction

12

Fig.54 14X
Land condition map
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Fig. 55 JRIRMLKH & A & DRI riEF5 1)
View of a soil puddling of a liquefied paddy (No.1)

Fig. 56 #Hi% B THE L 2R OWER (A% S 2)
Strip zones of liquefied sand (Area B) (No.2)

Fig. 57 KN4 L7270k oMy (M5 2)
Strip zones of liquefied sand on a paddy (No.2)

N7zo Fig.56 12 12805 h7- 825 L UMER IR % 7R
Fo COHBOTWRILOFEE L L ik, WREICKER
BANFEEL, TOBRIINo THEIBIEEL, Z0MH
WD ZER L Eh T 52 L icdh o7 (FigsT). ¥
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RoNsz, /2, HEKBEO—IED CEE L), #
EEHCEIBOPH AR, IGEBEIHI RSN TV

Fig.58 RA L7z ZHH S 2 2 & TRBHEIA L 728K

(Mo =775 3)
Restoration of drainage with discharge of the sands (No.3)
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TRIE R

Fig. 59 FiA& & & R L #i
Surveyed sites and estimated areas of liquefaction

(Fig.58) o
d FWHMAE REEZS7)
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Fig. 63 HEKEED SKENDORK (HuFEs 3)
Water supply to paddy from drainage (No.3)

Fig. 60 + X
Land condition map

Fig. 64 ARBE\ZHSE LB L Wy (%S 4)
Cracks and liquefied sands on the Schoolyard (No.4)

Fig. 61 JIRIL L 72kH (a5 1)
Liquefied paddy (No.1)

; Fig. 65 IO ETT (HaFE5 5)
Fig.62 0 S N/HED T > 2 ) — M (i 2) Cave-in on the load (No.5)

Excavated concrete plates used in concrete pile canal (No.2)
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Fig. 66  FHA:ME T & CIRA LHE 72 #E R

Surveyed sites and a estimated area of liquefaction

Fig. 67 &AM
Land condition map

Fig. 68 {IRTL L 7-7KH (#5535 1)
Liquefied paddy (No.1)
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RAED KL % Fig.68 1Z7R 3o KH DRI DOFEEE 1T

Fig. 69 ORI (a5 2)
Cave-in on the load (No.2)

Fig. 70 JbFHEREEA ORI 0T (b5 3)
Settlement of bank around the Kitawari pumping station (No.3)

Fig. 71 AMEOWLT - & CLEPoREMA ) s 3)
Settlements and inclination of the concrete pile canals (around the
Kitawari pumping station) (No.3)
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Bg s/ (Fig70, Fig7l),
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Fig. 72 FRACMEIT & 0IRA LHE 2 HE P

Surveyed sites and a estimated area of liquefaction

Land condition map
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VAT % RS & BEREATES T A HL s TUE, Y 20cm
DBEDPBE SNz, BRPILIOPIIERE Sm 282 5
KB b D BFFTEL 72 (Fig75). KHD L { TIEH

RO BR EY

Fig. 74 fiilROBZ - W OFSER HaES 1)
View of strip zone of cracks and liquefied sands (No.1)

Fig. 75 KB AWESIL (5 1)
A large hole of sand boils (No.1)

Fig. 76 7V — LAHEKIR O & L KBEANOIOBA %S 2)

Inclination of flume canals and inflow of liquefied sands (No.2)
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Liquefied paddy Occurrence of water leakage
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Water leakage at the joint of branch pipe
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Joint excessive extracted in a connection ring Shear failure

HOBERROEL O REWIREMEZ R T, S THES
NS ORI % Fig.79 ~ Fig.81 12777, Fig.79
FEDOTAEIZBT B T —F—AOWITH L &k
KA KT . Fig80 13/ 51 THk XFEFICBIT D0 T —
OPFH LIS L 2 IARKIE RS, BEOMEIFL LU
BRI HUE £ 2 OB § 5720, HIEI %
ELHVEEZONL, BEOMBERAM L5720
2IE, EFE B L OGRS ORI LEEEZ D,
Fig.81 (I AWMEIE L 220 2R 7. CAMBIEL 72
ERBOMBEDSK & S E L T B BT 133 TR
ENBdrolze TOZ LI, HBICEETLZbIDRE
M & o CTHMESHIRT 2 WML RELTBY, A
MEOMEBENERSEETLDEEZ LN,

vV & &

1 RIMEDRE Mt OREGR

AR\ R LATE A T 5 LKBR O MR Y R 7 (330§
Bo WE) A7 ZET 57200121, HRALIS A
EHoPLOFML, KEOWMKS KL TLLEND
bo FH (2011) EBEOWHKILEEREE L, ©
OIS & OB EOWRILBE SR IL O F 4 &

Fig. 81 11 ##% O A Witk i#

Shear failure of an asbestos pipe

B4 b2 2 PLNIC LT, Fig82 125K (2011) A3ME
B L 72 B & ONARILIE IR & Sl o A o C
KIBVE WAL FERE Sz 2 Bz E R, [H
i, HREIE T AL X OB E o IRLERE
T & SR OWIRIEFEEREATE =T 5 2 &b
b0 ZODE) ML OEHRIK REF 1, #LAL
ThEDNTHIETD 2P ELOERTATIIINZ L 2 &
T, WRLFETFIRHEL N LS5 2 LML E X
5o LAL, HHHEEICBIT DKL AR S
7oL LTh, FOMBENLEET 5 KED & DX A
LIIREDHEE ) R 7 BREBHIZDONT, ITRHOF
MOARTTFUNT S LIIRETH S, SHOAENDS D
S 2% & 912, HBEATUIRIL L 72856 oKk E & b
BEROBNITRAN 2 EREH 5, 2oL, &b
WIRLOBREP K E L 2 28 % THT25 2 LT, K
OWEPKEL BLZXBOFMUAFTETH L Z L ER
o HBEOWIILOREZ HET 2 TII>wTiE, B
FEMFZEATHED SN TV 575, Mz % IR A L 3
TCTELETIE, SHHEE WA REEELED S RE
MR RE % 2 SR OWIRL OB E % T3 5 Fi (HH S,
2011), FREMLEH MRS SR A & WA O IRAL DR FE % 3
ETBHFE (FRS, 2011) LREPFREEZHND,

2 BAKEEROHEHE D

BIKEE OB EICH T 2 3ME T, #HELHBED
BRDIEI S N T Do TRILDSFS A L 72856 DK
WEOHE & LTiE, BB S84 AR iME (FkH
WL 1985), LS 4E (1993 4F) duipEmvuihiE (%
H5, 1995), P16 4F (2004 4F) B RAhE (%
B 5, 2006), ‘PR 19 4E (2007 4F) REEEEHE (b
H 5, 2008) 258 %o WARILLA O ZRIC & 2 K EE B
EOE L LTI, FR 7 ELERERBE (ZER
1996), “Fp 19 4F (2007 4F) gl ihE (F 5,
2008), L 20 4E (2008 4E) 5T - HIRMEEME (F
£5, 2009) % 5,



R 5B JEEE - AR L - THRIER - PR3 4 (2011 4F) BULHITASTERITHIER S X 2 FIARII TR R O PR S OB E L1 167

TR A,

172 B8 e Voo bR

0 ke s ®

FWWM%A

KaneIR(CHBO04)

Fig. 82 fdbji & WUIRILIC & 2 KR DO BIfR

Relationship between the occurrence of canal damage due to liquefaction and the distribution of microtopography
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Assumption figure of the inflow of liquefied sand into a concrete pile

drainage canal
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Assumption figure of the cause of the uplift and inclination of a canal due to liquefaction
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Ground conditions,damages of canals and concepts of the countermeasures of earthquake
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Damage to Irrigation and Drainage Canals Along the Tone River
downstream by the 2011 off the Pacific coast of Tohoku Earthquake

ASANO Isamu, TOKASHIKI Masaru, MORI Mitsuhiro and NISHIHARA Masahiko

Summary

A lot of irrigation and drainage facilities along the Tone River downstream were damaged by the 2011 Tohoku

earthquake. The National Institute for Rural Engineering (NIRE) surveyed the damage of the facilities from April to

June after the earthquake occurrence for the purpose of grasping the general image of the damage and analyzing the

cause of the failure. From the damage survey on the facilities due to liquefaction in Toride city, Kawachi town,Tone

town, Inashiki city, Kamisu city in Ibaraki prefecture, Sakae town, Kozaki town, Katori city, in Chiba prefecture, the

followings were summarized.

1)

2)

3)

4)

5)

The heavy damage on the facilities caused by liquefaction was confirmed in Inashiki city in Ibaraki
prefecture, Kozaki town in Chiba prefecture.

The type of observed damage to farmland and the agricultural facilities are classified into following
categories. (1)Sand boiling, ground cracking in rice paddy by liquefaction, (2)Inflow of liquefied sands into
drainage canals, (3)Uplift, inclination and fracture of drainage canals, (4)Relative gaps between the facility
and ground with a pile foundation, (5)Water leakage of asbestos pipes.

Although water flow was failed due to inflow of liquefied sands into the drainage canals, it was observed that
water flow was restored between one to two months after the earthquake.

The heavy damage of asbestos pipes was observed in Yotsuya site in Inashiki city. Damage rate of pipes in
the extreme liquefaction-hazard area was 3.7 times in all the water distribution area. The rapid increase in
damage rate ot pipes by liquefaction was suggested in the low earthquake resistance of asbestos pipes.

To improve the earthquake resistance of irrigation and drainage facilities, it is important to ensure the
comprehensive approach to the earthquake-resistant taking into account the seismic risk and the importance
of the facility.

In this survey, it is found to cause serious damage to the facilities by liquefaction. The observed sites will be

surveyed in detail and the countermeasure of earthquake resistant of each facilities will be discussed in future.

Keywords : the 2011 off the Pacific coast of Tohoku Earthquake, earthquake damage, liquefaction, irrigation and

drainage canals, field survey








