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Fig. 1 [EERA )X OEM A 7T 4 2PN

Plan view of Kumadogawa irrigation project
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Fig.3 RPN (GBIT)

Distribution of estimated seismic intensity of the main shock (JMA)
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Fig. 4 ZHE)Il (Knet) ONLEEHIE
Accdleration waves of Sukagawa (K-net)
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oTHBY, IEERCHIT COMESR) LY b EERS
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Fig. 5 ZHE)Il (K-net) OMFEELZ AR MV (HFEHIH)

Acceleration response spectrum of Sukagawa (K-net) (EW)
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AL 0.07% (&K1 4110 7)), SHEOFEM (72
bAE HRFHE MR, ERBRToORK) Tz
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Table 1 #EDOHEE
Damage to pipeline
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Fig. 6 #Fi L= (FRPM &, CTE¥)
Joint displacement

X2

Fig.7 #kF-o AL

Joint bend angle

Table 2 #kF-5 H MR OFFAME OB (FRPM % C )
Allowable distance of FRPM pipe joint

i | | EEmaR | A0
- C) | XX mm)
1800 53 2.50 82 LI
2000 63 2.50 91 LL'F
2200 63 2.50 100 LL'F
2400 75 2.50 109 LL'F

fRrERCTHSLE, ILEHDZ W EREIO TX TEHEN
INE L, TFEHEDS S VTR O LIX T3 E»S 5k
LTz BT, i EE&ESoFEFHREL Lmfls s T
XIE T 50

2 ERHROEE
a TIMEIKX

T/ARTIXIE N, 754 OO R BRI E
L, BAEN26 HFHEE L (Fig8) 2L hPUk%4T-
TWwb, LRDOEEIL263knm T, #l% (0.92km) &
FRPM & (1.71km) 2SR ST, %k, AR
13360° £V TH LD, ALK TIE, MEDORLHD
1 ST IR LEASTFAMEZ B 2 720, o KogE
R ONE o7z, MIERTIE, WEIL X 24P,
WRERFEKE, WEIC L 2 HWBERIEORT 2 &2 L) E
BOBEL, IR L7 EORENELR TV, 20720,
S RIOWEIZ BT S EELITHENIL FEAELT
W5 RILXTIE, RBIKHEDIAD 2 EE T & L
W3 T4 U EICHEEREN TS, Fig9 ~ 1212
Rohs X, REZBREOLTRMEEMOLERE &

Fig. 8 HfIHEEE L
Hiwada head work

Fig.9 T/NEH 1 255t LOJEH
Road around Simogoya No.1 air valve

TR 4255 L

Fig. 10 T/NEH 4 KA T
Simogoya No.4 air valve

Fig. 11 T/hRHE 5 22534 T
Simogoya No.5 air valve
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Fig. 12 T/MNEH 5 225t T
View around Simogoya No.5 air valve

DOWEZR SN D> 72,

b XEIKX

BB ORI 2.72km T, 0B BOE I (X SE HSE
HENTBY, MoOXMIZOWTIEZ, FRPM E25HH &
NTwz, —HXETIE, EEETE (7)Y F%
HWTEREY 2/ LTS, TGRS 5 TH) L
RS T (B % kT CREET IR A B2 DL i ih
SHTHAES 5 L) (Figd3) 12X LI T,
ALK T, KEH2Z=E41L (Fig1d) O &9 2
EHORENT, EORRE, FRMELBR KM, #E

Fig. 13 HHIPEE Lk

Curved pipeline

Fig. 14 KREHF 2 25T
Oya No.2 air valve

AR T OWAKHE Urzo LR HIZ 3 S MR Tl
WRLTORKERZERIIRS N2> 7205 (Fig.1d4 KO
15), FEEHTIZRES 5 22541 (Fig16) © X9 (2
R & B LT W AR R, $72,
BEHATIE, #FEMEEBZLZEOWBLAEL TS,
RS TR B L2 IX T, HiEfR o BRI
MLEEEBLTIZEALELZ LTBHT, FAH
B2 DM LIZAE L TR, AR TREH L
Bolzle, HIHOMRELRDLRXMAED > 72, PEN
HEUERBO 12, ERUFTHIREELEZ->TED,
Fig.17 (2783 & 9 FA O MWK CTHER O30 3564 L
TWizo B, BEZTEOXEIZOWTIE, E5AT

Fig. 15 KREH 1 25/ T
Oya No.1 air valve

Fig. 16 KREH 5 25F L
Oya No.5 air valve

Fig. 17 /84 THGsio§0) (REH 7 22550 THE)

Slope failure of the road above a pipeline around Oya No.7 air valve
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JEB TIEIABENE L T AEFTS & o 72708, o 1l
DLKIZEZEIN T4 { OfFAT L FKIC, BEHET
OWEIZR SN > 72,

c EXRIKX

fERILIXIE, 3.93km (2472 ) FRPM HEHEZ S LT
Vb, BRI L EOREY R OCMERLT, FEERY
W HREECORAD A Uze 72, ZIUTMAT, B
WICBWTHREOBENFEA L T b, EHEIBTOH
FIIERE 7 =255 L (Fig8), 15K5 8 2259 LA
I (Fig19) K OMEREE 9 2L TAHE (Fig20) T
T miZh7DFBELTHEDY, EOFEFIZBWTLE
FEHATYRTE 2oTBY, WHHICARENIEAL, #
BEZRERERDPE LTV S, HWEENZ X B HBOZIR
WS T, 2N TN EPE UL RSN S,

%L OEEFLTIE, 8 1-1 855K T (Fig2l) O
IR ERKRELREM L ERRON o720, 48
ZEEIT LIZOWTIE, BRI LI ER OB S
N, HEEZIIHEO AR E L T etk
5 (Fig22), 72, FRE3IELAMFLHELTIE, 7
HOBEEDEL T (Fig23d), %8, RLKIZHBIT

Fig.20 /51 THEHEROBR (FRE 9 2RSS L)
Cracks on the road around Shinobu No.9 air valve

Fig. 21 % 1-1 ¥k T
No.1-1 division works of main pipeline

Fig. 18 /51 7k omi (FRE 7 257 LHL) v \ ; :
Cracks on the road above a pipeline around Shinobu No.7 air valve Fig.22 [E3:45 8 225 1.

Shinobu No.8 air valve

Fig. 19 /31 THEGEROBR (ERF 8 2257 LEZ) Fig. 23 {59555 3 PR T o #4im i 2
Cracks on the road around Shinobu No.8 air valve Slope failure around Shinobu No.3 blow off
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LEEBRTHEOXM T, WMEMITOMkEREOHRK
Bd o720, EHRIBTOWEIL 2D o7,
d BEHEIX
FSME X CTld, FRPM %, %, ¥ 7 ¥ 4 V&S 1.13km
b7z o TEICWHFICEEH SN T L, KRTIXTOR
3L oz, MERBTORE, #FELDAED
BERAGEHIEITTHEL TV B, FEDARL BB
L7z L, BSIEHE AR o r T, #iFE I Tl Fig.24
DIHITARONBEIHIIT AT 7V MIBEDLETE
LTBY, MRICORELRERPAELTND, ZHUhn
27T, 7347 (FRPM &) FBOMEPEALS 5 @ T
HEMEBZ AL EL Tnd, ZOREATTI,
LMo T TIIWTHRE L TW5A%S, TinfllosrsA
TTIRWELEEZRALCB ) 5 TGRS (=
TENG V) TREINTWE, 251 7Y O EOR
WnE LSRR L7201, MRS 5/ 7%
PERLY, FEHEEZAKELPBELEEZON
5o F 72, B ETHRR TR T, BN RED T4 L,
PEAEEE (201145 B 17 H) 12id, B 0OBRZ ) 720,
TN —— F DN Tz (Fig2s),
e AAMIKX
AAF T T, FRPM & K OV 7% 1.40km (2472

Fig. 24  BEHFR LAY
Fumase surge tank

EERAETHRIE T

Fig. 25 &l irakile a0
View around highway crossing blow off

DEFESN TV D, FHR AL TOEDOREL, HAR
W THERT & ) TiM 5om OFETcH 2 %S (6
2400-2000mm) O {kT-FR T O BERL (Fig.26), B 3
HBTORBMEE B AN LR OREOPEA G L
Too IAKE 1 HERT L T FELTBY,
PERT & #uT TH9 0.5m DB A LTz (Fig27),
F 70, HERTEIIEER 2 Sz, Fig26 (2R d B
Wi L7272 BB O EDEIL L T b 72012, AKIEIC &
DASEENDNER T %0 ATFEIOMKETAT AT
Oy 7 hRESNLEELH LD, ZORPITIEAT A
POy ZIEEEINTW D o7, WERIZIE, Bk
JESER L, &5 ICHEE) R ONRIRIEIC X 0 #hi o Rk
PET L7z72002, EICHRAAE U513 80BN AL
leeEZoNDL, ZORFITIE, HEBIZHE S TRKE
L, IE 10mx10m, ¥ &89 3m OFGEBE L, Fitlzmb -
THBEPRT L TV 5,

COMETIE, BEOARELSELTWAZD, 106m (2
bizo THEBZ 21T, T/, AARWRE 3 45K TI,
T AT 7NV MIBEEEDE LT (Fig28), 75k ID
ETHRONA T2ERTOICAENPELTBY, HEEERL
IT)TFETH Do 72, HIHE 1 5KRITE (Fig29)
ZOMOKINZOWTIE, FHIHEET 2 K& RHEER

LA 45
Fig. 26 FAURE 1 597K LRLO K& & OB

Separation of a reducer around Gohonmatsu No.1 division works

Fig. 27 FAAME 1 5K LOF -

Uplift of Gohonmatsu No.1 division works
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Fig. 28 FLANREE 3 437K Lo 1k %4

Cracks on the road at Gohonmatsu No.3 division works

atlin

Fig.29 W% 1 Bfisrk L

Nakahata No.1 division works of main line

ELTWwiwn,
f RIREmIX

FWRE LIX AL E % <, $i% & FRPM %725 1.68km
IZh72 D FEESNTWDE, KRS 1 25T (Fig.30)
THEUZ L) B EBEYOFRE L, JWREE 2 B
KL (Fig31) TH U7z M OB o E2358E
LTWb, KK 2 3K LHEATIE, FRPM & (¢
1800mm) A K TH 14mF ELTHY, HEEDH
L IETRECED E25) AR E LT b (Fig32
T8 33), $72, KM 2 BRALBICBVNTLH
300m {2472 1) FRPM % (¢ 2200mm) 25FELTHBY
WREN I KB R BRI EL TS (Fig3d), 20
BHOBEIIIRATLmULETH -7 (Fig.3s5), KK
552 225 LI Fig36 [R5 5 X ) ICHIZRA &4 1.5m
DREGEENEL TS, TOMTIZBWTENHE
4T 7275, Fig3T IR T & 9 ICHEMERICB VT H Ak
& DERDE T Tz, ERETIIUIEOWEIE
A Lo, EEFMEOBRRILICE2bDEEZ NS,
EBEM RS2 CIRIL L2354, IR bz o L E 1
1820 TH B0, 54 TROGKRIIERT 5FH
WXFEARIC 1.8-2.0 RIS 2. 20720, 7314 TN
DRI Z T 5 &, IR L T3 7T
FhvaZelhd, KHRXIZBWTE, —&HT/A T

BT LTWBEITD Ho 7275, 0L 2EFTTI,
BIER 7 &AL 7oA O—FBIHEHRIL LT, 7
FHZE AWHEIT MR L, 781 TSR & A fihE
UC, AECHTFITORM L 2 Lol EICEr 728
EZ N, BRI L EBEROFLIZONTE, &
RS2 2R AT o4 (Figls), ZEATLOREIL
14 O THLKRL Tz LTRE) 20T, #|
PRAEHHE L 2 &, HTRMABEVEAIZIE, SROX)
LT 228 Lh b, RIRFEE 2 2257 LO%E, W
RO E L 2.0 LIKET 5 &, M TR ZELT
TOKEA S 1.8m ORETHE LT L LA b, &
7o, WPALOWEE, I TIIEEAERELTES

Fig. 30 MRS 1 225 Lotk
Uplift of Yabukiminami No.1 air valve

Fig. 31 RWCEI5 2 B0 /K T BETHIFR %

Cave-in in the road surface at Yabukiminami No.2 division works

Fig.32 /54 7HEaso @R (RWREH 2 ¥ oK L)

Cracks on the road around Yabuki Minami No.2 division works
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NO. 92+

HEEHR O T EE O S

/

MNO. 96

N 12

HIEERT D 7B

Fig. 33 KRWCE 45 2 ¥ /K T2 (Fig.30) OMERTX (R © Mo, HiAZ mm)
Longitudinal profile at the point of fig.30

Fig. 34 /A 7HGEREROBRE (KWK 2 2553 THN)
Cracks on the road around Yabukiminami No.2 air valve

Fig. 35

N TRBGERORE (RKEE 2 22558 T)

Cracks on the road around Yabukiminami No.2 air valve

T, FEHHTECELTWED, T, TR X
BLInNREVERDND, THHTIE M AR AE
COMRERE LR IR H o 720 F1, ZIRE 3
4K T T b T ORI (Figd9), WO 1k

Fig. 36 K5 2 BRALOFE
Uplift of Yabukiminami No.2 air valve

Fig.37 AEEIZX VKL TWDESS 7 (RIKBIX)

Stagnant water due to unevenness of pipe at Yabukiminami subsection

OCHBE OB EOBEIE LTS (Figdd), =0
EATIZBWTD, EORENELTWSE 2O, 17m i
bizo T2 #ERT 5. 72, RKILE 1 R T
AT, BE2KEETLTBY, T8 sh
TWVBNNA TIIZBHEFE T TWD (Figdl), 512,
FWREE A 2 43K T 540 140m Tiflicd 2 s (¢
2200-1800mm) (ZEEE LTV AT A 70 v 7 AMEIE
#LTHBY (Figd2), HEREIZIZIFFICRE LIFED
a7 = MAIEHLTWAZ &b h 5,
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Fig. 38 KWCRE 56 2 2257t Lo Wrih X

Cross section of Yabukiminami No.2 air valve

SRR B 3
Fig. 39 MRS 3 - 4 B K Lo E

Damage to the Yabuki No.3 - 4 division works of main pipline

Fig. 40 /31 FHGElk OB (RIKE 3 - 4 %5k THED)
Cracks on the road around Yabuki No.3 - 4 division works of main

pipline

g EWILIX

EikO#HEEL 2.62km T, FRPM 5, #il55, ¥ ¥
ANVED, FEHOFICHEHICEZE S TS, KL
X, MECHEEWRELO A 712 CTERTICB
T B8 TORBE, FRMEEBZ LR, BrEw oz
b EEOBESAE LTS,

AL 1 PR T, EHOWLTIZLD, Figd3 12
R LN RV & JEIHEE TR 10cm DB A
CCWhe 72, 44 PR TANL CIEBRHE AL T L Tw

Fig. 41 /31 7Pk o Bz (WAL 1 SRR AL (K
MILX))

Cracks on the road around Yabukikita No.1 blow off main pipline

Fig.42 A5 A b 70 7 OB (ERHELX)

Damage to thrust block at Yabukiminami subsection

Fig. 43 ZWILEE 1 BRHR Lo~ ¥k —)L
Manbholes at Yabukikita No.1 blow off

% (Figdd), ZORPTCIE, HHRLA2%RBET L7012,
LETFROSA TEREKEL T, #2miEknE 2 A28 7
PEEHSNTEBY, LWV L ZOHELhoTnD, £
D7, MELLIOWTEAHLL) OREL ozt
Mg N b, F/z, KKALE 5 HFR LRE A T35 #ip
272 DHIRIEA A UCB Y, A O IER A3 HE R
Eh/z (Figds), £WCLEE S PRIk E CFEL T,
HEDH TS (Figd6), DT, BOAEE,
HARMEEBALIMLICED, 188mi2bh7iz ) #ikk 2
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Fig. 44 MILES 4 HRHE LOBRME O T
Settlement of road surface around Yabukikita No.4 blow off

o

Fig. 45 /34 7HE LR omERs (LRl 5 Pk TR1)
Sand boil on a road around Yabukikita No.5 blow off

Fig. 46 &WCLEE 5 PElE T 1
Uplift of Yabukikita No.5 blow off

AT o Tz, RWALEE 7 2K L L DAY 150m LiET,
Fri&% (¢ 1350-1800mm) o i A3 2E U 72 (Fig.47).
S50, Wl KL (Figd8) 2 RMKALE 8 225
L (Figd9) OBMEICH SIS LI I2, KV iR
T OB, HE Lo TR Sz,
h AXEBEIRX
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Fig. 47 F%%E OB

Separation of a reducer

Fig. 48 /A THBGEOWLT GRS KLED)
Settlement of road around Higasihuruzyuku division work
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Fig. 49 /31 FHGEl OB (RKILH 8 2250 TJE:1)
Cracks on the road around Yabukikita No.8 air valve
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Fig.50 /34 77 A YHRGEKOLT Kb & THE:)
Settlement of the road above a pipeline around OikeNishi confluent
structures

Fig. 51 BHEOAZE CRibE G IEL)

Cracks besides OikeNishi confluent structures

Fig. 54 #HHEE 2 5k Lok
Uplift of Tanichi No.2 division work

Fig. 55 JCRAH 6 2255 THEA TOMTFOMM L
Joint excessive extracted around Kyuraiishi No.6 air valve

Fig. 52 WA OKIELT (& LExL)

Settlement of the road around OikeNishi confluent structures

g

Fig. 53 EOHEN (OGlve & T L)
Separation of a pipe around OikeNishi confluent structures

Fig. 56 AR 7 ZRALOME OB
Cracks on the road surface at Kyuraiishi No.7 air valve
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Selection method of restoration work
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Fig. 57 CWKE LIX 12 3515 B FEBERTRF AL DA Hh 7

Particle size distribution curves of embedment material at Yabukim-

inami subsection
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Relationship between compaction degree and liquefaction
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External pressure test
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Internal water pressure test
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Damage and Restoration of Agricultural Pipeline at Kumadogawa Irrigation
Project by the 2011 off the Pacific coast of Tohoku Earthquake

ARIYOSHI Mitsuru, MOHRI Yoshiyuki, ASANO Isamu and UENO Kazuhiro

Summary

Large diameter pipelines for agriculture in Kumado distinct, Fukushima prefecture, were damaged by 2011
Tohoku earthquake. Separations of joints around deformed pipes, uplifts of straight pipes and structures, and
settlements of backfill materials occurred in the distinct. The damages were heavy in the plain due to liquefaction
of backfill materials. All buried pipelines are 17.8 kilometers and nearly 17% of them ware need for reconstruction.
When the pipelines are restored, gravels are used as backfill material to prevent liquefaction. And the damaged
pipelines are reused due to cost reduction. There are growing concerns about large earthquakes like Tonankai and
Nankai earthquakes. Pipelines need to be made more earthquake resistant.

Keywords : 2011 Tohoku earthquake, agricultural pipeline, liquefaction, field investigation, restration








