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Estimated seismic intensity distribution map (JMA) of the 2011 off the Pacific coast of Tohoku earthquake,
location of investigated structures and K-NET observation sites
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Table1 FHE LOGETTE & OBLEFEA AL

Specification and damaged portion of head works
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Relationship between estimated seismic intensity and the number of damaged head works
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Fig. 4 IR OEIIZOUEN
Crack at the base of the pillar of the control room
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Acceleration response spectrum of strong-motion data from K-NET

and standard acceleration response spectrum of Specifications for

Highway Bridges

VOMERETER>TWb, NTEOISENMEEMEIL,
SO & i L TR 0.4 B LLT o FEBMIZ BT
KELTHLMEAZRLZDOD, F 0.4 F UL EOHE
BlZBWCREfHEY LRL, $72, A1 BULORS
OB WTE, MFEEIEDZVIEEHITED
TEAINREME T ZRFEE CTH Do OB NHEEHEAYE
0.4 Fo5 5 1 BT C BT 2 MBS T RIED
G HIEE L 72, Z O TOREIEEHEIVNS %
AR O HREE) CEIRIE N OEE TOBES 2T Sk
Mo leAAE RS, AN 0426 1 BoMonE
TNFREEASEE TS ER 5 2 B REES I S 5, L
PLAAS, HECLZEE ToOWEIZE, #EHO
DAL 63, EOBIFE, FHE LOMEILERFE
ENBMRT B720, SHRIIINS L&D TEEMICHE
TALVEND D, 5B, FEEIIEHNERE 7 273 L7205
BEYOREZIZEA RSN o720 L, HI
FEHIEE 6.1, RAIMAE 586 gal 12D b HF, K
WERSEM PR LW EEZZIT 2 EPRE SN TS
(BN - 27, 2011)0 ZD L) RBERRONLZ LD
R E) O R & RS OBES R T A 2 & AR
LTwb,

NV KFIDWE

1 BEDOHWEICH T BKPIHE

KM OMES L OIS 2 B EFHORE LD %
Vo RS (1986) 1F, 1983 4 HARMEHEIEICE
VT B M B KON C & A I OB E O T
HLTEBY, W, R, M - AR ES AL



Wm0 - R B R UL - WERIERE P23 48 (2011 4F) HULHB TR IR IS X 2 EIRIRN OBHE T X OUKMoE 123

723, KPR EDPRO SN olz LT,

2 WEOHE

KMIZoWCIE, 13 fHEpr (Figl) ZFA L, «&ET
IZBWTHEDFER SN (Table3), 4B, KT
RIIRKENE, HAbH A E R AR A A R
—7 (2011) ASAFE L 7= EE RS 5, i
FAEOFHIMEZ EE L2 D TH B, BAkE, [
V— THBER BN AT o BT L 0 B ToEED
EHOBEmSAOHE L FEEOB S TH Y, i RER
DRI % FEHETT & LT, & 2 h S oK Fin F
TOEEERLELDOTH S,

KM OB EHBESAETINC RS &, [ ] 7%
<, BRI, [TFEEEAE ], TBARIZERE |, [ REE G,
(R RS ] TR [ — N DIEE 25, LLTFTIE,
B EFEA BB D RBUNZ DN CRER T 5

a E#

SRR BV TR O BRAKE 12, K& 2RI
BOLNTEDoT2 12721, EEOERBOMR, Wik
T 5 EHBEEER OIS R ONL2E6 L H D, AL
I BT HRIEB X O F U D ZRA A U 72T R
W 5o

b FitE

PIAELCIE, REVE AR O %45 1218 5 1015 (Fig.e) B
L OEFRYOMEZIZL D LB SN EERRZIT 5N
LEBRD L, LIEESEENE Y T TNz
AU, PR LB TERNE L OB TH b KB X UVE
Wik T = — B AER L7458, MR a2~
V= IPBHELZD D EHER SN,

c 77—+

WA EIC L AMBEEOE T I ERONLF —

b oEFE (Fig.7) %, HWICX H2FE L) LTS

a7 — b OEFOEF SR STz T X9 2K
TSR TR RE D TR L 72 b D LHEE SN b,

d FFXE

LERE AR LICPPARED R SN TV A HEEICB W

e

Fig. 6 FEEMIEOEBICHE D FIME LIS
Damage to the top of gatepost caused by dropped bridge

Fig.7 7 — s OfEF

Inclined gate
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Relationship between estimated seismic intensity and the number of damaged head works
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Dropped upper maintenance bridge into the sea

T, FEEBOEEE L QICHBEELET LW
LEFIGHHER SN T2, FEHEHBLIEEL WA
WIGEAIZBWTY, BHMEEDT v 7 = KE <A
U7 IREE (Fig8), & 5\ IZHEMIEREREAMER L 7R
REX 0 BAPAMREZ L L CWuRHEML H o7z, 2B,
%M&W%@ﬂ%ﬂiwﬁ&&ﬁﬁfﬁﬁtf$m’
W HNE O BIRZEE AR FEIROFRD S e v Hifl
%%%éntoé@@é&iﬂﬂwmé%ﬁxéWWT
KHBEZ b DTH 72, FZEEIZKMOIERTAE I
E$ﬂk&%ﬁf%b,é&,@%biU%EﬁT%@
BT D EOMFIPVELER D,

e LEEEE

PR B ER SRR 5N TB ST, EEIC e
AT HNT VL5 S HEED LSRG, Hdd
2L, BEAAER (Fig9) LTV 2HBNEH o7,
BRI TH L E2n, MLKIZLD DL TS
b, F72, LEERAE LICBBRESREIN TS

i, EAEL EBHICHMIERELET L TWA,

f TEEEE

WrE FICEEE STV A TEEEGICB W,
WEICL2HEBOH TN, BRE EORBADPL, HIG
2BV, EiEz 7)) - roldEIERSNT, 0K

Fig. 10 BERIANFEAE L 72 T 045 BAG

Dropped lower maintenance bridge toward land direction

Fig. 11 BRIEEESLEE DORER

Broken wall of control room

Fig. 12 BAIBFZ0EB L O F7 OnH

Damage of the window and door of control room

EEEEOEEIHZT 57z (Figl0),

g HEERMEE

BRI UL, ALBEAS SR VI E OREE (Fig.11)
DEBINVHERINIZo T2 7)) — MEEOBEIZDWTIE,
BHfE RIS ON Lo/ 00, B N7
IEREHR L 72300 b AERR S /e (Fig12),

h HIEE

BRI T, EEMEOPEIC LY, EHE L -FH
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(Fig.13) >SG0T8 ) L 7294450 (Fig.14) 3R S 7z
BN OBR RS L, BRIV HERAARREL 25T
WA HFIDL N,

i 2B
RFIEBEDOYER 1L, PRIESRIC & 0 3L T 2 S
LRz S N (Figls),

j BEREEKPIRE
KPIDOBEEIZ BT, AT E O ) AT (2
BLCHBLTW LTS b, HEAE, PIARICIZE R

Fig. 13 JEHRIC & 0 fHE L 728 P

Tilted administration building by scour

Fig. 14 PRIEIC L 0 S L - BB O 268

Exposed piles of administration building by scour

Fig. 15 fiiRbi 0%y L0212 X 21HH
Scoured and restored with sandbags at right bank

WOER DB L BRI OE 2% &2 X 535 I3
2B A2 T oM e v, LA L, EEMIC X 280G
DA, HAREOBRIEIE, 77— ORISR IE
5 ABETH Y, KFOKMFEERIZE L CETL
7oo 7z, EHIC X A EHMOMAEL L ORAKIZED
BEARREL e o 72K b B\ 2 & b SR DS iR
BEEZ Do

vV  {ERIEEH DR

KRETIE, SRIOMENGE L72HEEY OIRTUZ DO W
T, HEEWHICRR S 20 b, HELIZOWTE, 4
BOWETHELZITLHELEHELZT TORWVE
HLzZpT TRl d %,

1 EEI (#EEY)

a LHEEI (EEMEREE, HEEE5#E)
FHEYE T, BEEEE W1 M2 AT LHEE 41
m OEAIET, FOZ3RMHEIX 365ha TH D (Fig.16)
F MO AN AR RO O UEIN &R L 72
(Fig17), OUEINO ETIZERA 70 Ly 2y 2D
EATRAD S, ZOVENDSHIERH L b o L HEE
EN7ze L L, MEBIGER L2 OTH D0 EARH

Fig.16 %3 (LHEHETL)
View of the whole structure

Fig. 17 MM O UEIR

Cracks on gatepost
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THY, SHRONAEPVLETH L, T2, DUENHH
BURNIZAE LT TE, ZORAEERNB X ST
FMCOVWT OB L TBLLEYND S, [EEHE, #
B, 7=, AU IR OZIRIIAZ T S kv,
EEEEN R SN T WA T RO ER#ERE 7T Yy 712
X, WMEWEICLDLEEbLNDL OVENLLHIER SN
7= (Fig.18),

Fig. 18 ER#ER: 70y 7 00 UEN
Cracks on left bank protection block

b AHNEETL (EEHERSE, #EE65)
HMEE T, BEWQBmOBEEET, FOSSME
1¥386ha TH 5 (Fig.19),

Fig. 19 &3 (HHMEE )
View of the whole structure

EREER T THRASDOFAK] L3 TBY, E
ERMOMB LY AR MIC A2 BHAY, =I5 A
ZAIPEAELTWD LY ICRZIF SN (Fig20),
TR, BRI H o 72720, HARKIIZDOWT
R CTE o Tz,

c —OIEEEHT (EEMEE, HEEE 5 )

—OBHEETIE, #kE 2t 1M2ET S
TR 62 m OWEIRET, ZOiMAH 1,498 ha TH 5
(Fig.21),

R, PR, = b, FUDIIERERERIIRO S

#2135  (2012)

Fig. 20 H HJmAKER & e S 5 fEir
Estimated point of the joint leakage

Fig.21 43 (—OiEHEET)
View of the whole structure

Fig. 22 ${EEE AL O O UEIN
Crack on external wall panel of control room

Ny, P2 OEIEEIEE SR OVIZOUENAAE L T
% (Fig.22),
d REEETL (FEMEBRIL, HEEE 6 )

MEFEE TIL, dokm 1 Me @1 ME2E T 518
EBmoOWHET, Z0ZHMEMEIL1,162ha THh S
(Fig.23) .

A, P, = b, FEDIIIRERERITED S
N, Ho Pl OFRER DSBS A L HFE L TV 5D
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Fig.23 4R (WAHEET)

View of the whole structure

(Fig24), B XA LD WL OMiE, EEELICE» N
TV b, P2 B LU P3 DIRAEREDILEE A OVHEH 12 B
BXUOOUTENISE LTS, P2IREE T E FIEE
DO FHFE 2 FEHCOUENS L2 o RzF 6
7oo F72, PL~PIRMEZDOWMIEATH N7 O H
FENTz,

Fig. 24 FIERE OHEE SOV BLTEIRIL

Falling of external wall panels of control room

e BEJIEEET (EEMERE, HEEE 64E)
RENBEE I, Bk (T24) 1 M2 AT 5K 28m
O EHET, ZD%3EEIX 114ha TH D (Fig.25),

Fig.25 4% (R&)IIEHE L)
View of the whole structure

EEREOBGITHEI 7)) - MO LR EHICOUER
PELTEY, 0UE»rsIEn 7Ol vty ADER
L Twa (Fig26), Bfibary sy —tre7uay
7 L OB 5 em BREOBZEMNE LT 5 (Fig2T),
INSDOFERKIE, REBOILTICLAbD LRI
%o BOSRIITFEOZERITRZT SNz v,

Fig.26 2> 7)) — MTHEHTHO UV UER

Cracks of concrete joint

Fig.27 arv7)—b&7uvy 7 LOEER
Difference in level between the concrete and the block

f RUEET (REM—EME, #HEHEE65)

FROLBE® T0E, ok (72) 2Me it (514
YT —=MIMEETLIERESOm OWEPET,
ZAEMAL 369 ha TH A (Fig.28),

EIILER T, TRE, RICOUEINS ] LD
BB, BEEB L ORMERIEER & /M RITERRD
LNV, TAEBIOIA T 775 =7 — MY
ZEIRIZRZT SN0,

g JIEEEI (ERM—ERRIE, HEEE65)

NEEETI, ok 1 Me Bl 1 Mea3 518
E2ImOWHET, ZOXHMMEIL2,440ha TH S
(Fig.29) ,

WA, M, P40, BERIVEEICIER X 2 EKIER
DHNRV, F— MEHIASSORAB LT OO
DEINDPIRE EN TV DS, REIZDOW TR TE %
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Fig.28 4 (FLEHE )
View of the whole structure

Fig.29 4% (IIBEETL)

View of the whole structure

N7z,

h EKINEEI (KEmE)INR, #HETEE 6 55)
HEAJNEEE TUE, doknk (T2) 3/ &1 M%
HTAHER 138m OWEIET, O MAEIL 579 ha
THh5 (Fig30),

Fig. 30 45 (FEAKJIEE L)

View of the whole structure

WA, PR, - b, MY, TAMICIIKRE AR
FRO SN, BIEATEICOUENS L EZRAR
Z o, SRIERT 2 LEND L. EHELEN O
Y AR TH) 6 cm BREEDBGEAE LTV 2 (Fig31).

Fig. 31 RBOLTIC L 2 FEFMY fHriokzE
Difference in level at the junction with maintenance bridge
caused by bank subsidence

Fig. 32 EHHELOMELT
Subsidence around the administration building

T/, BHMEIMEDILTLTS (Fig32), il
OT A7 7V MEEIZL SHOENAE: U Twv
5o
i RIUIEETI (KIBT=AKSEN, HETEE 6 53)
ZIVIEE T, dokt 2 M2 4G4 2R 87 m O
BIET, FOZRHEMIL 1,303 ha TH S (Fig.33),

Fig. 33 &5 (ZIEHET)
View of the whole structure

TAE, PIkE, 7=, A0, BIEZICERIERD S
Nhvy, FHBISRBOLTICLIBEENEL TS
(Fig.34) .
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Fig. 34 EHUGICA U7cEE

Difference in level at the junction with maintenance bridge

i BEITHEEL
(EEETHFH— M, HETEE 6 55)
WEHE )| T REE S T, okt 3 P2 AT AR 120 m
OTUEHET, ZOZ3HEIE 1,739 ha TH S (Fig.35),

Fig.35 43 (B TEETL)
View of the whole structure

WA, MM, S, FND, BERICERIEEED S
N, EHE LN & O FIFEIC BT, o
LTI B2EEDSH20em A LT3 (Fig36), 8
woary sz ) — bHEL TS (Figd?). EHEL
{ OBFEMICHE SN TWDE T Y 2 ) — bREEAYE
LTw3 (Fig38),

Fig. 36 IEFiDibTIZ & 2 Bz
Difference in level at the junction with maintenance
bridge caused by bank subsidence

Fig.37 &HfEO > 7)) — b OF%E
Dropped concrete from maintenance bridge

Fig.38 £ 21 — NEEAYTE
Breakage of concrete stairs on the bank

k fTHEIE (KEETH)I, HEHEE 6 55)
THEEIL, BE 47 m OBEEET, FoO%iHkE
303ha TH 5 (Fig.39)

BRI RN [TBEAREOBRL] L SNTWEY, &
A BRGTIRINC B o 72 - OFER T E D 572,

Fig.39 &5 (7))
View of the whole structure

| LsE (KHRETRAY, #ETEE 6 535)

IEEHE L, Bk (T2) 1ME2ET2HEE19m O
TEET, DML 33ha THAS (Figdo),

TAMICERIEFED SN, BTRAFO#ERT
Oy 7N TS (Figdl), fiN 70y 7 F
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Fig. 40 435 (LLIRIE)

View of the whole structure

Fig. 41 ETFRGRO#ERE7T T Y 7 O/
Collapse of bank protection blocks at the right bank

HBEHATVD ZEPHEMOTRNIZE DL
HEINb,
m FANE (KFIETEREL, HEHERE 554)
WUEE, AL LBk 1 M2 AT 2EE 12
m O EIET, FOZ3i;HAEIX 60ha TH S (Figd2),

Fig. 42 & (G

View of the whole structure

AR, PR, 7 — MCEEREED S, B
ETNROLEAEOFEAW NI L LI N TS
(Fig.43 , Figdd), REFEH TTINY)PHEEL T3
(Fig.45) .

Fig. 43 1 Byt i BE D20
Lateral displacement of retaining wall

Fig. 44 3 Tt ¥R D20
Lateral displacement of retaining wall

Fig. 45 FEROTXY)
Landslide on a right bank slope

n +3XFE (KEETREH, #HETEES®)
ToFElE, R 17T m OREERT, F0%RmEE
19ha TH 2 (Fig.d6),

& o2 R Ak o B4R (Figd7), R A DR &
(Fig48), EREDI LI L (Figd9) 7 EAHRZIT 5N 5,
o EIEk#EE (MRERSE, HETEE 6 55)
RGBS L, ki 3 P A AT SRR 34 m 0T

BT, FDOZIEMEIE 110ha TH S (Fig.50)
PRAEZE OYBE S A VDT L T\ % (Figsl). Mg
MEIIGER L TWAR WA, 371 — MIZIZOUE
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NBLOL7OL vty Z0RBIERPEHAZIT SN
bo =MLY BLUBEORT, 77— MEERED
[ 2 EBOR AR S STV 575, RIIZ DOV TIIHERT
ol

T

Fig. 46 &5 (+30dE)
View of the whole structure

Fig. 50 4% (Skigs)
View of the whole structure

Fig. 47 [E5EEH OBEE
Cracked concrete

ke 3
Fig. 51 R{EZIVEE SOV D%
Falling of external wall panels of control room

p FEE (ZEEMEHNEH, HEEE6R)
FREPIEE, ok P & ERH 1 R A T A IEE 48
m OEIET, FOZ3RHEIL 304ha TH D (Fig.52),
WA, MM, S, FRY, BERICHEISER T
BEEZLNLEIRTED SNV, HILIZ & 50U
- 4 : N, FEEIAZT 5N, ERELERCIL [HrEEHE ]
AR OB LERTWDA, BEEOMBIITE Lo 7,

Fig. 48

Cracked bank protection stones

Fig. 49 Tt EHEEOM LI L Fig.52 4 (WIiR)

Lateral displacement of retaining wall View of the whole structure
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a XHBIE (BBMHH, HHEE65)
FEHEE, dokrt (T4) 1M2ET5EE1Tm
DOWEPET, ZO%iRHEIL85ha TH S (Fig.53),
B O HE 2.8 km, FEA 5 4.3 km I ET
BChy, BEEWEICLY, TIBOBEIHIZE£A
MHA N, BORELZHEL TS (Figsd), KHET
TOREOWERTIZOVTIE, BKDDIHERTE
R oTz,

Fig.53 4% (KT EE)
View of the whole structure

Fig. 54 I ZELR DU OBk
Falling of external wall panels of control room

r TRETILE (LEHRETHIR, HESHEE 6 55)
FRAF I L, [EEE & gtk 2 F2 A3 55K 129 m
DEEMET, ZO%5EHE 1,094ha TH 5D (Fig.s5).

v
=

Fig.55 4% (ffi1lig)
View of the whole structure

BEEOREOHED S 60 cm OFE X% EET 5
DENDHE U TWB (Figs56, Figs7), MEMEIC X
LIEORE) T Z OWGAEEe VLR, DUENRDS
B L EHEESN D, ZONED L) kDS
FEPENLEDIEIAHTH B 720, Sk, HOMEEIZS
WCHRRES 2 LB D 5o HILERClX [EEET
7)) — MRS OEK], [=7a K 30 m k5]
EENTVDD, BIIKICH - 72 7-OFEE T E e h o
720 72, UK — MM 2 RICOVENSE L2k
ARG SN TV EY, BHHAE THEEOEN L LT
X778, WBERBEVCENEFET I LIETE L
"o 7z,

B
%

Fig. 56 #/EEOHIEIIZ O UEIN
Crack at the base of the pillar of the control room

Fig. 57 F:ZJE[T 50 UTHN

Cracks around the pillar

2 BEEI (HEL£L)

a BIEEI (EEMEREs B #ETEE 655)
BENEEHE T, BERE T 1ME2ET LERETS
m DHEAET, DML 1,057 ha TH S (Fig.58)
W, A, PEE b, U D IO EIR
FREZTF NV, EEOEMICBWTIE, wW{2HhD
EANPEE L T2 000% CIEREEC, hERED
WE1EWMN 5 2 7252 B/ NS o T2 LI S 7z,

b FEHEET (EEM—AER, #ETEZ 65)
PEBEYE T, #kH3Metwt1M2ET 5
BE Q2 mOWEIET, ZOiMAEL2,182ha THhb
(Fig.59) .
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Fig. 58 & (VLB 1)
View of the whole structure

Fig.59 4% (FEHEHET)

View of the whole structure

A, MAE, S, FRY, BESICERE IR
XEED SN,
c MsMBEEI (BEMELINE #ETEE 655)
W MEE T, ETEEL LW 1ME2ETLERE
15m OEEHET, 2O HFEIL 317 ha TH % (Fig.60)
FIAE, HBAE, 3fES, BEIITRERERIIED S
N7, 7— FPORBIZOWTIE, HERTE LD o7,

AN e AR
Fig. 60 437 (I~ NEHEDL)
View of the whole structure

d ZVARBEEL (KFmEHWUMA, #HETEE 5 54)
TUREE G, okt (T2) 2ME b1 ME
B AHEE I m OWEHET, ZO2EMHAIE 600 ha T

»% (Fig.61),

WA, PR, P40, -, TABIIERERER
3RO SN, P2 BIEED RREAFEE S KOV IZ O
HNPELTWD, BEHEERIZIERHEINTES5 T,
HWEE L OREHIIAETH 5,

Fig.61 &% (ZVAEET)
View of the whole structure

e XEHEETI (KIEmEEIUT, #EEE 6 55)
KIESAE 1%, i & okt 2 M8 X O 1 M
*HTAER 270 m OEAIET, 0% HEIT 3,368
ha TH 5 (Fig.62),

Fig. 62 &5 (KHEHHE L)
View of the whole structure

WAk, PIREICHET S 7R E T ORI O UENR
PHELTEY, —#f, Htez7al v vy 2ADOEED
Rohs (Figeld), KHBE LoD, EE M
Day ) — bOREIZOWTIRFERTE V7 — b,
FHDIERERERITED S\,

|

LTS
-

L l

Fig. 63 KEWHE LD LIZEAM L 72851

Rust fluid out of surface coating



134 BN CEERF e R

f EMEET (INXEATKR, HEEE5H)
FERUSEE T, oK 3 M e k1 Me AT AIERE
81 m OWEPET, Z D%t 592 ha T 5 (Fig.64) o
WA, MR, -, FND, BfEsE, AR
XRS5,

Fig. 64 4% (RERSHE T)
View of the whole structure

g LINESEET (NERTEER, #EEE5#E)

FNEEE T, BB e okt (72) 2MBL0
T2 % AT HEE 226 m OEEIET, O350
f&ix 1,249 ha TH 5 (Fig.65),

EESS, T, THIIZIRIEEED 5k v,

Fig. 65 & (EJIEHEET)
View of the whole structure

h KIE (KFETEHH, HEHEE65)
KIgIE, AR 1MZ2HT HEE3Tm OWHIET,
Z D% EAE L 222ha TH S (Fig.66) o

| A

Fig. 66 48 (KIE)
View of the whole structure

#2135  (2012)

RAEMBEISE SN T W72, EREMORIRIZOWT
IR T E ol HRMl» S 2 2HPHCTlX, K&
SRR SN,

i EsRE (WWETRK, HEHEE 65)

Mo RIEE, kM2 M E LR M AT AIEE
S8 m DU ENPET, €D IL 469 ha TH 5 (Fig.67) o

WA, MM, S, 4D, BESICERIEEED S
Nz,

i FE (LEMREK, #HEEZE65)

Fig. 67 43 (7 RBHET)
View of the whole structure

T, dokE3 M e 1 MEAET HERE 94m
OWEPET, ZO5%iEE L 342ha TH S (Fig.68),
WA, MM, S, 4D, BESICERIEEED S
N7z,

k ZBRIEET (BNMeiE HETEE65)

Fig. 68 & (FIE)
View of the whole structure

SWUNEEE T, AR 3ME w1 Mer AT 2
B 134 m OWEIET, Z0%3HEIL 3,014ha TH S
(Fig.69) .

WA, MAE, -, PR, BESICERIIERS S
N,

| =YXNKM (BBHRRER, HEEE 6 55)

= OKMIE, Bk 1 Me AT 51EE 10 m O E)
WBC, ZO%iEHfEIL 85ha TH S (Fig.70),

FIRE 1B £ OBMES LBV & WIC O SIS
T 575, HELOBEIIARHTH D,
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Fig. 69 43 (ZPUIEEET)

View of the whole structure

Fig. 70 &4 (= v kM)
View of the whole structure

3 kM
a FHMEIBAEIKF
(A=FkEHT, #EHEE 65, BKS16.5m)

AL, AR — N oSBIREECTH Y, AR —
N ASEIREETH - 72 (Fig.71) o LS FAE 0 45 71 7S
HHAHI TN EATTBY (Fig72), D720tk
B =t OBBICRIEDS A L Tw b R Sz, E 72,
FIRE L IE R D222 & 2 & Bb N B IEEETTD S 5 )
(Fig.73), ZN DA OIER B X OFIRICIZERIEZD S
N,

Fig. 72 L& BAGANRH AT

Displacement toward sea side of upper maintenance bridge

Fig. 73 ERWOMII L 2 & E 2 SN b6
Damage due to collision with flotage

b /&) IBAEIZKPS
(A=FEH]T, #ETEE 65, BKS 154 m)

AR, EREES - 2MABIRETH Y, AR
27—+ 2 A BAIREETH - 72 (Fig.74) o A7 —
F2Mo - EEEEESEMICESLTCBY, o7z
O, RS — 2 FUEBT R WIREEICH B, T2, T
L7 LEEHED > Tz EEEE L Tw b
(Fig.75) o Z AU, 3V HAGDNE A B & 21 72 B
FRIEHDPER L TCay 7 ) — G LZEEZDS
Nbo ZOEWMPSNOMHEL & OB IIIZERIERED 5
N7z,

Fig. 71 43 (FIEHEIINBT#EK)
View of the whole structure

Fig. 74 &5 VUBJIBEEIKM)

View of the whole structure
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Fig. 75 FEREEMEOEMICHE ) M Lo EE
Damage to the top of gatepost caused by dropped bridge

c  KEIIBEEAKF
(FA=FEH]T, #ETEE 655, BKkS14.3m)

PAAREIIL, 77— M2 3 MIAPHIRREECTH - 72 (Fig.76) o
FIEREAG S CREANICE/ L CB Y, o — MEARIRE
FHEL TS, MELEIICaY 27 ) — FORdEsE L
TWbL00, ZOMOFMTDa L 7)) — MRIZKE R
ZRIBOOSN v, 72, HEA7— PoEFIB LD
TEHEBEEOEGIE LTz (FigT7).

Fig. 76 4z ORBUIBGEIAKM,
WU YEAR L 72 LB EAR)

View of the whole structure

Fig. 77 HRMZT — F O s L T HEREO %G

Inclined right side gate and dropped lower maintenance bridge

d #FrazllRG#AK P
(FI=REHT, H#ETEE 55, RKS12.0m)

AR X, RS — PAHIREE, TR B X UHE
7 — M SHIRETH o 72 (Fig78). LEMloT v o
AN=PRELRENTED, ZOOIZHMAKED
TRL TS (Fig79) M - A IR & 228K
RO LN EEEBE EOBRERESEEL TS
(Fig.80), F7z, MBEBEHIC LV, BIMEE L T
% (Fig.81),

Fig. 78 43 (YrazJIBEEIK M)
View of the whole structure

Fig.79 ERm7 v 7 H/N—0hlh
Twisted rack cover on the left bank side

Fig. 80 #EfEDHEE
Bended control panel
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Fig. 81 i & 2 B EMOMEE
Administration building tilted by ground scour
e KFZ)IIRGERAKRS
(RI=REHT, #ETEE S, RKS109m)

FRATEEIZIE, 77— a3 PIATHREETH - 72 (Fig.82),
FEEBESETHEBLCBY, - MR ek
LTwa, MELEEOI 7)) — MIRERBEHEIEL
Tw2b00 (Figs3), Tofoiffioa > 71— b
HICRELERITBD SNz, TEHEEGE L & THEE
LTwh,

Fig. 82 43 UK BJIB#AKR)

View of the whole structure

Fig. 83 [t LB
Damage to the top of the gatepost

f RKiEKIIBAGEKPY
(FA=REE], #EHEE 5, BKS 10.7 m)
PRI, 77— MIBIIREEIC S - 72 (Fig.84), AL,

FikE, 77— b, FRDICIIKRELEREBDSNL WV,
BIEZOMNBEDHIEL TB Y (Figs8s), F7-, #HfE=
O FHFREBEDHH LT % (Fig.86),

Fig. 84 45 (EIEARNB#AKM)
View of the whole structure

Fig. 85 #BIE=/MEEDME
Damage of external wall of control room

Fig. 86 IRIFEDNY M IFFEB DL

Loss of mounting stairs toward the control room

g AEZHE1 kM
(B4, HEtEE 65, BKS102m)
AR, 77— b a3 MISEIREEIC B - 72 (Fig.87),
WA, PR, - b, PN, ICRERERIIRO S
N, MTHEEEICEENPE L Tw5 (Fig.88),
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Fig. 87 45t (HiESE 1 KM)

View of the whole structure

Fig. 88 THEHIEOLIEL
Deformation of the lower maintenance bridge

h BESE 2KkM
(A&, HEEZ 6355, BKS6.3m)

PRI, R N HSBEIREE, AR NS
PIREECdH o 7= (Fig.89), MAkH L OHfEE /M EE < %
WIZOUEINS LESOBNERSND, DU0ENRLTH S
W, Fo, WEBIOEE OBEIIERTE o7,
T, AERDEEELELTEY, £RICL->THEASA
Twv:7z (Fig.90),

W

B ‘
Fig. 89 &3 (HiESE 2 KM)
View of the whole structure

#2135  (2012)

Fig. 90 G ofLs LU L 58I
Scoured and restored with sandbags at right bank
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==}

Fig. 91 &35 (RAKM)

View of the whole structure

Fig. 92 PREMOHBIEE THOMMIZ O UFIN

Cracks on both sides under the operation unit of the center span
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Fig. 93 O UEIhoiik
Macrograph of the crack
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Fig. 94 43 (HILIEBEEIAKM)
View of the whole structure

Fig. 95 Hu M 7 — M ilEfll 2% b or I Rt

Inclined gate of center span
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Fig. 96 EHAGOM 3B L Ol T Il

Laterally displaced maintenance bridge girder and broken balustrade
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BIEZEONEPRECHEHEL TW5 b 00 (Fig9s),
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Fig. 97 43 (F1EKF)
View of the whole structure

Fig. 98 IRPE=ESBEORAR ()

Broken wall of machine room
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Fig. 99 [HPA%EE DIRTE
Gate opening and closing apparatus
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Fig. 100 435 (G511 B wisa )
View of the whole structure

Fig. 101 E UG+ OmE

Damage of balustrade of maintenance bridge
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Fig. 102 23 (ki)
View of the whole structure

Fig. 103 #/EZED F7 B L UBOWE
Damage of the window and door of control room
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Fig. 104 LHEBEOIAMRTa Y 7 ) — ME

Damage of concrete near the bearing support of upper maintenance bridge

Fig. 105 FEMI~FEAG L 72 T 50 G

Dropped lower maintenance bridge toward land direction

Fig. 106 4RI & 0 S5 L 72 H o 2L PEHT
Exposed piles of administration building by scour
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Damage of Head Works and Sluice Gates by
the 2011 off the Pacific coast of Tohoku Earthquake

TOKASHIKI Masaru, ASANO Isamu, MORI Mitsuhiro and NISHIHARA Masahiko

Summary

A field survey on head works and sluice gates in Miyagi prefecture was conducted in order to investigate the
damage of these structures caused by the 2011 off the Pacific coast of Tohoku earthquake. In the damage caused by
seismic loads, the damage that would affect to the structural safety was not observed with weir pillars and gatepost
clearly. Many deformations due to subsidence and landslide of the river embankment were found around the head
works. In the damage caused by tsunami loads to the head works, the failure of rubber gate was observed. In the sluice
gates, the damage that would affect to the structural safety was not observed, but the significant decrease in function
of the gate operations was observed.

Keywords : the 2011 off the Pacific coast of Tohoku earthquake, tsunami, head works, sluice gate



