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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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Fig. 18 HEKEKOIEIT (ME%E S 8)
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)
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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)

DI OREE & MO ETL O K E S ORMIZITFAFIN 7 B
BA RSN, X TOPRBEOWEIRT % Fig.18
VRS o HIKBE O EIIMIETH 5, B XML 10m
BETH -7z FEANARXTIEK 100m O X CTHEK
e (MHE) 25 tm DLEF R L7z (Fig19), # iz X )k
IKEEERAHZIEG L2 b oo, 5 H oA STl Fig.19
VRS &9 ITHK B Of T S, JKEE O ke
IS SRS RER S LTz, B2l E FUARNEY o v
BIZH - TAeA S EIZHN PR (HE) <Tid, &
300m O X CHHESOME E 2 > 7 ) — MEOBILA
HAEEA L 72 (Fig20), O XE TIZHIKBEITVOE
LRELETIZI ATz, ZOWEXEIZOVWTH
HHEEH OEEIIRKE L DD, FAERE S TIEHEK BN
WZRRA LTS IR S, KBS @R RE (X IG 212
RSN T Wiz,

3) Ky TXAHIIN— FOWE

Ry 7 AN NWIN— FRIE R ERUT L B3RV Th LT
W HRETIE, BLIC XD RO LT 28] S 7z 2z o i
A& L O TR ENE Uiz, Mk AoRy 7
AANIN— MIEA L 72B %% Fig2l 128 T, Ky 7

Fig. 24 PRI O A & kT IEH

Unevenness and damages of joints of unglazed drain pipes

A N— b & DA & OB R THROK 20 ~ 30cm O
B L (Fig22)e T2, Ky 72 AHNVN—k
DAY TP DL PET L7272, voN—
MNARIKE Y A 2 7 OBEIH TR L 72 (Fig23),
MEZFORR T, fifk & Mk & ORI %A
L, BRMICBESE LR T WEEZONL, —/, &
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WN—= MRRICEARFER TFIBE L TR W Ehb
HVIN— NARROREEN G IS WIS NS,
BEOFEICIVROUBEINE Y AZIE, B Lo
TOBEERCEZIERET L EOFROEETH D, B
FEOSEDT IS N5 L Tl EB R ER ORI oETT
Wil Eozake TESPT AT 7V e VIR E
BIHFFEIZOW TS BEREPLETH L, 72, 71
TEIZOWTHBRY Y 2179 % EIRILIC L B EEDS
HEDSH NV IN— M ARIKIZEEE % RIATE v &) ko
FPLEEEZ D,

4) FEKEEOWE

PG 2 B3 o BRSO % Fig23 1R § . BB X
U F DREBIHORALD IS E L 72720, R THEROME
X, KB~OEHBORA, HEDOLRK #%@&Hmb
BB &R TR R B & OB & B oA L2
Uﬂﬂ&&@&i#“iLto%L%%E#%&éﬁh
WCix, WEBICLARNENRELR LD, TOBEEHIIE
%ﬁ%$¢%@ﬁ#@éoEﬁ%Z%%i@ﬁ@KEﬂ
XAHAEMAE L TW7zs, BEEROMmER, RER e
OB, REOTIINSA T34 UHBESNTBY 23Kk
WEOENDH DL IR EPLRY TOEIRIITE W
REEIZH B, BIE, FEMAEE 2 85 o EiiCH 72 Ic 8t
Pk & R FK B 2 BB Th D, P 24 SEED
SIS ORI & ) AKX OKEIZHK Z LGS
BFETH 5o

5) MHEEEDHE

FARII T In RO KHTIE, koo HEH 5
0.6 ~ 0.8m I HEFIRE D FRE SN TV 5, SHOH
BICXDVRFRELWIRMUIZ X 2 RE BB EL ST 72, B
EEORIER T 272012, oS mX B X Ot
WX TIERAIEE L OEOARELZHET 5 720 OBFEE D

A LSRR $213 5 (2012)

HE T B AV S S 7z A ORER, BRE IR
10cm 2D AREES L OB ORGP FEEL T D Z L

s Nz (Fig2d), $72, WEENNOBOWH A%
ELEBE IR (Fig2s), MO LI X 1) BHIEE |2

IS L WA EDFEE L TB Y, HRILKHE TIERE
EEOPKBEREDRIEIET LT a Sl Sz, K

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

/&’Ik'ﬂ.’.q:' 2 BIRIE KR 3 IR EE
OL : 0 0 0 O 0
2\ 12 24/ ) 2
. | -/
44y 4 43 4 44 4
\\‘ |
6 16 6% 16 61 16
E | l
o 8T —s — 8
k <‘ \\\ﬂ ¥‘-~“
% 10+ 410 101 110 10+ 110
.\. .\.
12- \ 112 12 Ne 112 121 o112
t\\\. - N
141 114 14 114 14 114

0 10 20 30 40 50 O
N{E

10 20 30 40 50 0O
N1E

10 20 30 40 50
N{E

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
T CHEIBICIY A TWS (KR, 2011),

6) HEEECBRIEDREEDER

E g (2011) SAET S [E; MG v
A M OKR=) I TF—=F 2T, HERE S BRI
DFEEIZD VTR, BEITRHREOKR—) ¥ 77— 5 1
FEEIR LI #P (R % Fig26 127", K—
YU ~3 (#PH1) LR—Y U 4~T (HPH2) 2o
WTHE 1T o 720 fHHR% Fig27 ~ 28 1277, 25
ORERS, FKEPS 4~ 8mBEFTNES1~20
WA A M TR 5 L TB Y, §FIC
SmEEFEF TN 1 ~ 2 DRVENPFAET L HETOMR
RILDBREDKE o7z ThbE, TR ORI
2BV, RMEICNE 1 ~ 2 OB IFLEL
ZFDORBNIBIEDOIE EATRK E WHE S E SR Fs A o)
RetE R N2 OFEEEASK X WER 2SS 5 L HEM S5,

b MIZEIEE (GRAEES 2)
I T AT L FAR A5 )7 LT B 3 2 K T T 5,

2011 4E5 1 H, 16 HIZHHA % %HE L 72, Fig.29 (27
AfEFT B L O LHE 2 #iPH % 7R3, Fig.30 |2 et
X% 7R3 Fig.30 20 5 a5 #i X i3 RIb g6 4 Hh i 1H
THEHHINET L2 Ebh b, 72, ZOHIXIZ
AL - il - RN A X & FAR S 1987 4 o0 T-2E IR
Fi B OB L WAL S - STh 5 5
(FTREH - &AL, 1988), [AI¥FHLIX o> 1 B HE R & W IRAL
RHLER F Al OVEEE 434G % Fig31 12773 (IWH, 2011),
Fig31 75, Z OMX TIZEREE 12m #EE £ THIRILItHT
WEED 1 LT OWIE, v MEIHFAEL, FERIIHIR
ILOT RSB VHIETH 2 Z e bh b, LT, 20
X TEAE L 7B I e E SOV TS 3 4,

1) KEOHE

Fig.29 |Z7R L 72 IRALHE 2 #iH O KR 45 13K H T &
D, ZOMHMIEE L Z20ha TH D, MEFHXOKHD
WARALDIRYL (MEFHF S 1) % Fig32 IR, ZOHX
ORHDOWIRILOFERIL, KPS EHAISHIRIL L, 1
WEIHDTL NI ETHDH, 5 A 1 HORAERE T,

4 /K iE s 5 IR 6 WIKIER 7 IR
0+—————————10 O——r—————rv—"10 O 0 O 0
of 2 24 I 2 21 o 12

D \. .( +
544\\ {4 4 4 4 4 14 4 o 14
» [ ] [ ]
ge- o {6 6{e {6 6le {6 6|4 {6
o /./ \. .‘\ \.\
8 8—8 —3 —3 8
_'\. ./' '\. ./'
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N{i& N{E N N{&
Fig.28 N fifi & ieiRIb OBtk (HiFH 2)

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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Nf& F f#
0 10 20 30 0 0.51.01.52.0
0 0 O— :
B I
AT AE VN I
5 X 5 5 -
b | |
'é\ [ o MR U D e T
s 10F w10 10} .
w l 11 ]
o S
15 415 151 I
] g
FH b b
20 20 20— !

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
WERDIRIT % 7R o RS O I I B L AR PR L BB X
7z (Fig33), HALRZHWEROMETH Y, [HF)
RIS & 0 8 SN RE 1om BEOMEIZH L T
W LHEEEIN D, 2O X)) B LA O MR Hh 3R
MR L7722 & id, #0274 0 GRS TR ba 54k
L 72 HEE & HORARIC & 2 MU AR O TE H ASB O CHiRv
LDTHo2Z ExHRIBT 5,
KHEHOEMIEE (b 2—2%8) OWIERN 2 FHET
5 DI TNz RIOIRI (WEFES4) %
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
OMEE % EDFE L7z S A 1 HOFFER: T TlE—#X
BIASERY 12 X DI L TB Y BAARLIRETH > 72
(Fig.35), 204, 6 A 15 A OFAR T, WIS Ik
FEAND2OHER SN TE Y, KT IZEN T2 500,
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)

THHRBEDOBEIARDIE L T 7zhs, okt &

D SEAKBEREIZ RS L T\ 72 (Fig37)s

3) ZOMOBHROHE

BEAARTIE, SEO MM UVER EETS) &
ZFOREDHAE L ORI RHRK 40cm R OB =N A L7
(Fig.38) . EERIIHABM A PR K E <L T T A AMIL
FTHAAEL TV, F72, ZOBEHS 10m (T LN
PR IZHh 2 218 TIE, L EBHBOMIZ M LER
& R B RIS A L Tz (Fig39) . b id,
FEEANAMXTRE LRy 7 A7 VN — b OEE LR
UM FE SN RO T AR S -7 12584 L
MR END 2L, COBRTIEERY 7 AH NN —
FCIERONL Do -ARFELTAE L TEB Y, HR b2
FET DX T, EHRERER SO % &k
DIRTX RO VUL EZ B

¢ WMFMAE, FRMA/, REE GAEERS 4
5,6)

ANEUIT & FIRRIN A& G b S AT 0 3 HhIX o8 SERD % 37
U770 AL 2011 4E 4 F 24 HIC T o720 BV
HUINZ ¥ 25/ BN 2R, ANEINEFIRRI oA
HMafEm L, AR EOFRITILE THAE L 72, ik

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)

M3 DT & 2 DO WCIRALIE FE b 51 % Figd0 (IR,
Ko [19239.1] EFRENLFVWTLAT— 71X
HREXOBIHERILBERER T TH D (K, 2011),
$72, BMHIEOSAIZOVTIIHEN YT — FATF— 3
B kml 77 ANVEAF LW AT 72 (BB
MiWFZERT, 2011), Figd0 7 5WFHAE GREES 3)
AR, FIRITAAN GRERS 4) B X OEIER
KUTIE GREE S 5) (ZHEREHICX S S N7z
BTAHZ bbb,

1) WFEMAE GREES4)

K (BBLEY) WXII/NNOLRICMNET 5o /b
FNOIRBF IV OKHEPB X 4 2ha 25H0RIE O E
%500 720 Figdl (SO LIS HE 2 X 380 % 75§ Fig.42
W H SR AR T, IRIL oIS, TSt
S, BEFE, BARRBICET 5. EI3GEE OE T
HWARIEWRRERE L 0 AF LRSS E R i o R —
VYRS E, MRS 1 ~45m ICNfE2 ~
3DOVIVEE, 45 ~65mIINMHS ##iz 520 3B,
8m L VEL BB ENMEI DYV FEMEIEET 5,
70, A=) 77— o FRMIE 7 HOBLBIE
THEEA S 0.5m LD THEV. ZOMX T, HHE
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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

5 (2011) OIHFAAEIATHONTEBY, F S N EW
DRLEEETIHHEREADN S, TFRISRIR LD REMEA
D GERRAEEZE A ] EHESN TS, T2, /NEJ
DR IALET % R E AT TR L ORI/ S v
ZEPHE SN TV S,

XA CIE, KHOWET & BFEOMEE (Figdd), B
BB - % (Figdd), HERKBE~NOBHORAB LT
PR EE DR b (Figds), HEKFEMEBEDEI AL, /34
TIA v OEG R EOWES SN, RS TS
TIA VDV TIIIEEE 2 AW nEEEIED 5
Tz, F/z, MEEOEIARDFEE L7-HEKEET
X, REOYRZHE L ZISEEEFED STV

(Fig.46) .
; 2 ol 2) FiRETH)I GAEESS)
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
FSRAME L BN b0 Bl S 7 (Figs0), JIIF&
DN L L { OB AFERR S N72A, JIEO KT H
TCIEEIIZII L A LBIRIN 07,202 05
PR AMIE T 5 ) FEOKHTIEEABX 2 D X 912
KBELHRALIZFE L TR nwEfEESN S,

MEORBERIZIBE->Tay 7 ) — b EHGERYKE
DT STz, HEKEE T, BRI S A 72

NEDKEX
BRI R

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



160 FA LA gERT G 452135 (2012)

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

HWERSAE LTy 7)) — FERT, SERD S KAk
BRI AR LK ERBEDSKER NN ZETE L 7248, HIHE
DFU & YK EEXZFF SN, Fig52 IR $ & 9 12t
O TEHET L 7)) — MHEMIFBIEICE - - LI S
bo A r) — FOFRE SN EARTKEETIE, EE
PRERRMOFET L 7)) — MIEWEIDER L, £IK
OBEINARZ L DWENFE LD 2D EEZ LN,

FRILB
R - ER AR K i

i

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

DX HIBBIEEITER 16 4£ (2004 4E) i R ik
WEOBIZHBZE I N (KBS, 200600, 2B, 20
WX T, PEKEENANOEI OB A% EIE5E L ko
727280, FARDIEEHEFEE LT b PO EARERE K
TIERONZ o7,

3) FNfEERKRETdE GAEES6)

KA H DX FIAR N D45 = 1A B3 B K H, i
TWCTH D, BHSEAENE % Figs3 12R- T, THIEAFK
% Fig.54 1278 § o IRMLI Fig53 IR T3 A B L O
B THE L7z #RPICIE, [HEHE TdH 5 MUy 454
XA 5HH, FHIRA & B D —EXE TR b 54
RROENZZL DD, FRLDORRIEIZ/NE Doz, FHIH A
TIKANOER AR SN zhy, FOREIINES L,
KH, EEZ: EORRE, BRDITLALHEINT, B
MR OBEHB L RoN e oT, Tz, BHEOMEE
bEONED o720 WIMEDBEI/ NI N E0S, M
HRETIIL—F CTHEAE L, & ORMHIHED S
nTwiz (Figs5), —7, #iEB T, wikICHmo
B, WEHSEALTBY, KH, ERZEOME, &
OB E, HKkBNOBEBORA L &EORFEIBILE S
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P

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). ¥
L CHIRE S 2 L Z2a IR o Sl & i i, 7K 72 &5 H
Wra 2 Cld, KB EEICEAEDFEAIC X BHE
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)

BISAR
TRIE R

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

(Fig.58) o
d FWHMAE REEZS7)

KEHAIEF N OF =L E 5 KH, EHbHbEF
Tdhbo 201145 H 1 HIZHAE AT o 720 WARILD %
AHERE, WSSGRARHA B X T EER G EIC BT S
WOIRAL G FE H 5 % Fig.59 12779, T H4:X % Fig.60
1278 F o Fig.59 & Fig.60 7 & iR LIS e #iBH & B K
R OGHRINE—HT LI Enbhrb, $72, HIKA
R LB S SR CTE 2 2 e 20, SHOHIRL
PHEBEIRETH 722 b bhb, KEBXTIE, B
e, EAEOM & 7 EHBIE S N7z h S DR I3 R E
BT - 720 KHDFRILDREEIZ/NE Do 720 IR
L 72K HDOREF % Fig61 127770 = OKHTIZBEF O
FEMHSHTH o770, u—F 1) —F2I2 L ) Hm
ILL, K2 & OEMAIFTDIL Tz, HsNTIE
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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)

Wi sz, Z O RITHIX A TIZHIROZEIRAK

HEkEE (HH3E) OBEIIAR, KEENNOIEEORA D JE S TH - 72 (Fig6d)o THEILHTT i #5E THUIR
A L7223, BESEATEA L7203 ilod < —ECTh - 72 L3584 L 72 iialn B CUEE R ™) 100m (2572 1) Bk
(Fig.62) o HIXNTIX, HAKANED KB, K% LT\ 7z (Fig65) o Z O 3E s Fia e i s J&] 320 o 7K L A
1T TV B RHEDHER S 7z (Fig.63) o i B/ AR fFFWRETH B A%, HIXNTIEHR S EIRIEDOREA K E

TIENE 50cm FEOBEDOFEEDB X URETOB L VI oz,
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N3t W K

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)

e ERM—2ZHBHFAES LUHLEE GIEES
8, 9)

=25 H (WE0bird) FHMBRKITFIRIAL R L4
EAHICHRENKEH, ST Cch D, 20114ES5 A
18 HICHAE 21T o 720 WIRALHEZHIPH, FAAEMEL X
UIRALIE B H 25 % Fig.66 1R, $72, L5
% Fig.67 7R 9o Fig.67 7> HiIKALAYEAE L 728 AN IT
I & —3% T 5 2 Ebh b, ZOHIETHOKE
DHEIRALDRREE LN E D> o 7278, Fig.66 | IR S %=
1~ 3 DT &SN ERKGE, BHEOMEE, 326
DL T % EFEEE SN2 RN 11281 2 KHOH
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)

Tholze T/, REHE 2B L EKRREE L OVE
HOMEE % Fig.69 | IR T, AEFS 3 OILFPEAET
MR OB O, Pk WHE) O & 2 &8
Bg s/ (Fig70, Fig7l),

f fiEmE GBEES 10)

(%) HIKIGHMES TS A KE A TH S
2011 45 B 18 HICHHE AT o 720 WIRALHEERF, T
A4S % Fig.72 |27R T, Fig.72 (278 L 22 #8PHN ik
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Fig. 72 FRACMEIT & 0IRA LHE 2 HE P

Surveyed sites and a estimated area of liquefaction

Land condition map

A IB R SRR L % o Fig73 10 H AR 2 R $
T4 K2 1S Fig.72 O VEIRALHE E #i B % R # CE A
TRT o KHEMIRE L7280 IAE S 1 ~ 2m O BT
M (H) 120 ND, HEERHOREMNIZIZES Sm
R O MR B H 23 IL 23 5 o Google earth O i 72 5. L
Mo, Z OINEE I — THRRILOFED TR S 1
72o =7, FgT3 |0R L72AHRESH S0 o 22 THhdh, )
PRALSE A I LIS O 3 T8 1 TR 2 i A L I3 Al RR
TXL»o7,

WAL L 72/KH (Fig 2 o &K S 1) TIE, £
150m, W@ASHA 30cm FEEEOBE, BEIIH-> THEb B
L OMERS IAERIZ A LT\ 72 (Fig74) . 72, Hk
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 EE

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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Fig. 77 KH®DHIRAL
Liquefied paddy Occurrence of water leakage
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Locations of water leakage of asbestos pipes
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Water leakage at the joint of branch pipe
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Fig. 80 71 7 —kFHTOEDHITZL

Joint excessive extracted in a connection ring Shear failure
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Shear failure of an asbestos pipe
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Relationship between the occurrence of canal damage due to liquefaction and the distribution of microtopography
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Fig. 83 HEKE~DERME A D EX
Assumption figure of the inflow of liquefied sand into a concrete pile

drainage canal

b d Do FRTHERILOFEEE DB L Wb Tl 2 OfE I
BELVEHI NS, FELEIT) HEE, TR
IR LFE AL TE DA E R VTBIRE 72 &% B L 725G S 2
b9, —H, HEKBBICBALBIIHEHEL ~2 7
FCEMKICE DKEESMIHE S, HEKEEIZSE e L 1Tw
AGWETHEAEEEZEE L, 202 &, MHER
FAMTUARERNL, B OB AT HI|WILIITNE s, B
HIEIRMEICIZEN AL L EZ o b, HHE, KAUHEE
DHKRBENDOER OB AR E LTIE, T OfE
BHIHRUEIREE £ L, HEZROTM OHFH BT
DL L L HICEBIC L DO TS S iR
HITUENH L, T/, HEMLIHNID, Do %
ERE LB e KIS ST KOG OMENR b EE R
225, HMOFAAZE L7011, a3y 7)) —
MREFA S hpolEib L, MM OEEE TE 57200
Bl 35, HBEOEABRETHER WIEOE VAR %
T 2% EDHEPEZ NS,
b BRILICEBKEDZEL, #lhiAsk

SRlOHETIE, HHEREEOPEKEEIZ BV CREEIRIR
DF L, BIBEOBEIVAMR SR E OB ENIEE L, KD
F L, BHnAsoBEKOMERZ Fig8d 12777, iR
1bIC & ) M RSB L2 & 95 &, KERRAICIZE
BEEBEITIIFg84 IIRT2OD0NMERT A EEZD
Nb, $hbb, FhHEmefb Lz ers0))T
Do WIRIL LB DEREIL 1.8 ~2.0g/em’® &£ 2 Hh
s a s 7)) — OB 2.5g/em’ [IZHARB EPNE WV, F
NEHEOHNEVOARZEZ UL, ERO MR
T L, $8BED 7V — ABKEIRIRLO&FE, W
KL EDTFESMNC L o TERRDDFEDH DL VIERET
Tho WINOBEBERNIE L CFIOAEZEET
MEKBBIE— 1 T £ 3B ET 22505, &
ZAHH, SRIOMERROHKR T, Ko B8l
BEDRED LITH NS &9 BHESI A AT b ElEE S



YT B - EROBR - R UL - PEIEIERE  CPRC23 4 (2011 4F) RUIRHUTORTEEIHIER IS X BRI URIR IR O PR EOBE LM 169

TIL—LIKE&

eSS

{“,ﬁam@
MDA

mEMELT-
AR

HBIEBDSDN 0

\ A A D EIY A

3

&

el
SO T

| RBEENOOH |

Fig. 84 /KD, BIUAADRERK O ER

Assumption figure of the cause of the uplift and inclination of a canal due to liquefaction

72 DX HKBOERIIHE L FHOARTIZFHHD
HETH 0, HEMb L 7z S OB I OER DR
WEEzHb, JlkGS (2005) &, /¥4 7T 4 > DiF
R LTI 220 T < HUBRR o Mok & RS o BhiY
HHEMERADPEELRBREEZ R LTSI EEIBHL W
Bo NGO IXEORDTORE EMBEORELFL L
TStk CHIER O & RO R MY EREIC L Y f#
ML, #DELOEARMERASET S Mg Tl s
R OBEPELVETHFEEEIALZ LEZHL N
L7260 E51C, BOFBFEAAZRLL LT, QMg
HAMEILT 2 Ll S FE MU L5 g
BIERAT 2, Qg2 % &, A
MBEDPFEAL, BOWGHPEDOLT LA L8R IS
5, ORAHMBIAEOTIEHEVALL) 2Bz %2352
LCEEZF LSS, LHEL TS, DT, Mzl
EY OB IR —2o0ERA L L, SEOHIRIL
124 BREBEDFEB X OBHILAADFRIZOWTELET
5o

1) TI—LEKEDZEE, FIAHICDONT

7 )V — A BRI OMIED 720, AR
IZHBT 5 L RELRFNPERT 5, 20720, HHEIC
BNFELRSTWRGEE WR D, MERNC & ) EE
[ ZHER L ABTETE S5 E 5 5 L KBRICIE AT iR <7
OFEEE U, OO ERE TN & B AT g H
SEMDAER T 5, QBT 2 %) % & Hillzo—)s
e KBEOWLT 2MET 5, @mENL L 72 sk
KD TIZHED At X 5 BB 2 BRICKEIC B &
OHEFERSES, REFCYBRINDZT LITLD, K
BANFE LD BVIFEL EEESINDL, O~@DIERDK
B < &L, KEEDRIO RHICBEIT S &) A
LT LI ENMETH D, T2, HBNOEKHD
T, MTRMEZES 2L 2OEZEHOWRILORED

YIRER D, S0, HEHOANHABLITKEZD
BALT 5,20 &) RN OTIRILOBEEDIES D &
HWEBOHAP—ETEVWI L2 EOREES MDY, &
B3 B HTNZHB L TER L, S E Ll & A
HHICFE Lo L) B RIRBICEL L EZ N
b0 D& LIKEEOBENLITH 16 F (2004 4F) HriE
E i EIZ BT D 70— AKBICBWTBEEINT
Wb,

2) BHROKEDZE, BHhAHZDONT
MHEIZR OB TIRAL L 7 g 1 el § 2 & S
K&, s oBNHAEERZZE L 21Ut
TORELRLTWHEGEE W b, MR Tay 1) —
MR ENZHEETH L. ZOFMEEEE 2 U,
MEOBIIAAZIE, OWIRIEIC L Y MO TZHFRIIAMET
L, WEML L 72 AR S O AT IRIL T & 4TI
LT, HEREOEENEET D, OMPERT 5 &bt
NI T = MEPHANETTE, @37 — M
DT T2 EMIANERT2HONT VAR TNRESIC
MAEES 5, REETWICELEEZONDL, —F,
MHE DR FIZoWTIE, WIRMEIS & Y AAER 3 5%
DI 2 & & b1, FLHBHESHHED T 2151
Ate &9 IKRBEMICHAVAT IS L& o % =200 -
L7cEfES NS,

3) SHROBRIEMRICDONT

BT LD 2iF ERMHE % EOKRE BT
ZFAT 5 720020E, FRHBEASE L Y 5 gD
Hbo LPLEMS, HILIZE ) EOREOREED
MM B OREIDIEAE L, REED S EORED I
BRI 20002200 TiE, RBRGRETH L, 20
728, HEEASRENL L 72356 O i 72 K B O WLIRA Lt 5K
WKOWTIRHER T T RENTHE LN RV, b
L2 A, KEEDOWRIE % 52212 ELT 5 7 SR



170 BN LR e R

b Jet % 5e 2Pk § 2 X RO FERLILTTHETDH 5 A,
W) A7 BFENUIERE 2 WREEXHTIEa A M
THEWTE RV, 4%I1F, KF) A7 %2 —E LTI
S, HKIEREZHEMR L 00D HREZ O MM DL & 7F
B 5 L) KOS LEEE R B BARR
I DT 2R B BAC & 2 IR bR SR LB L U
B2 58 L WIKEHEORENERETH 5o

4 HEEEMH S HIEROKBOEE EMEXNEK
At
BT 2 KBEOWERE T BEORTIZL > Th
HL, ME) A7 ORESLENET T E L7
% Fig85 127", WE) A7 L 3K I X A HEDOH
R 7 CEPEIRL & ARERIC X A INE oD R Y
MR & G5F LA IR KT 5. IR
72 H S E DT RO B H R I FRE S N2 KR T
13, HERKESICEE T 2HBOREIIRE C, K
\ZEKBEE DS T AR D BV e —, BIF 72 Hhi
DIKEETIE, KEEIZFHEATH2HGEOREIZ/NE , #@K
BEEHNFEAET LI, PUF, Hilgst e ok
B OBIGIERE L B KIS,
a RIRMEDEEEMEA S WX DK DORE R A
TARIED T e E VHUER 12 B 1) A KR O B 5= &
LCld, Wb 7 &2 X AR OEE, KEEOF - ILTF,
MIBEDBEIIAAZ, FSCFEMERE & D & DB ER &8
MESIND, INOHOEBIZI Y, KEEIIZEAREED
AT A AT, KBOWE) A7 ITKE W, 72
2L, B ZA70kE &1L, KEOR®E, ik
Lo TEALT 2. Bl21E, MHEREMEEOPKEZ T,
MERB I & D EAKEEENSAE L CTH, KB SW AP

#2135  (2012)

% 2 L CHABREORIINES TR TH L, —H, K
THRBOMEEIZL ) R THSEEARGER D 7 &0 H
TREHORBEEIEL <, BUKHRSERICHER L
BYRET S, TOX) BRKBEOME) A7 OREE%
ERETIUL, IRMEDFEAE DT R E WX 2R E
NTKEE O EEHIE S L OSSR IR0 L H 12 L
YO

(1) HBEOFIRILDO RS <, KEEDOBEIKEE
FBDOEEIIEREEELY 5 2 AT S KM E 7
FRLK ISR ORI 2 3T & PRSI A X
T, HEY X7 Z2EAT LT B, KEEONE
b, SRALMEIH R %179 o

(2) IR X D KBEELOEEICE R BEE 5 2
LATEEMEDVNE K, RO HEDSTRSWNE T 5 & T
HENLXMTIE, WEY A7 %R 585 38R L
FHHROIGERE R IR L L2 2 KEEOR IR & RO
PEKBERE D BIE & 85 L 72005683 L OMKHI ORER 21T 9 o
(3) HARBEAG DT & 7 BRI 70 EHEK DB K
B AT AR S LD XM, IOV TIIKED
MEAL, EALEES R EZAT O .
b WEKLEOFEEMEI VX DOKEDHEIR
Vakil

g K E I & B KBS OB IR % Mg K E O HRIC
X o TN, KB D 2 DORREIZHHET 5o /b
B M E L 1L, KHOBEROER L, BN
S CHIPH D BRER 2 RKEE O % FIRT %o KHIEHEIO
FEETIE, T X AR E OB ENET S
B, KR IV - NEREERISANIERET AL
I2& D, REOBANTRELZEAENS V. UL, Hil
KEDPFEA LGV LA T, BRI DS IER/N

A SR BErRE HEJRY it 2 B A [ESSES
KEDIEE —— IR EAE N —— k(LA - ERSCLIKBEOEE - HEHE BEE - SERM-omE) - SERME-RIE
ke b b o KBOXT, i Eha  RIERED RODFD 18, WEt
(R - S8 SE) & CEKEEAREYS - —BRE-RE) - —BRE-GaE
e . BAEEAEL RODRE IBI=dk B E 58 K
- SRR
s EBETHAE
| HBKE - MERELGECEIKE - HERETIIKE - BREEOEER - BELGEOEER
D AR ORIV FN ICERGHREN E-EURIO fE—iiLER, &
HEBEELISEEKE B, BLE HAKORR
OwiE CBKEENRET - —BRE-BEY - —BRRE-EAE
o BABEMATEL RODEREE IBI=& B E 58 K
 FORILVAER D ERIR, ~
FUHAODEB=ED ERETOHR
EE
— B HLN R < KBMBEEICETIaV Y - WEIXBENTSH - HEBEIRIORE - BABRICLLE
—rDFIE % MEKEBETS
- PR HES EAEEASEET R
BATEEMEIFIEL
Fig. 85 ikt L KBRDIBEGIEIEDL X Ot 525 56 7 ¢

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



