(%= 1]
HRBEOEOMLIZET 2RTHRRSHE

[AERTEHEE]
K & (»vnn) B % B
% T5E OAT
O HERRE P S TSR b2 T2 | B

AFF | HER IR E B E ) OBFFE B 58

QR (Rl (7] B9 - 9518 Pt
T [EgED 547

OOWEEE . s | ERk 244 S R 2 5 FiE SV R 264F JiE waE
I D A 1,200 2,250 900 4350
@O REBEBR HRREUNOHEEORSL ., FiE - HMEDAT S, 235, DAMALRY 72084 3l e m
4 TEW, )

K 4 ATIE « % G FRk274E3 A 31 H BI7E)
R B JUM T3R5 - Hif%
BER Rl Bt 2 - Bh#
JER % B RS W
AN BBURS:  HEHER

OWMEDEHMN - BIE (B LAamEoRN - AEEWHRICEAFSD, )

AAFZETIZLL N OFEICE Y #Ee Z &I & 0 R EHEZ ML T 5 & & 1T, HEIFIZIR JE RS

WEBR T AL EHNETD.

1. BEYEESH : 10mZ 2 5 KEWIC L 218 BEAEEY OIS gE A % e L, HEm~D1E
1 E B OBRER G NCT 5.

2. Mg EAR IR ST - BGRARAT BB AT I K DA R EOTEM T 2 EHE L, BR~OIERTI &
BHLOBRRBREH LN T 5.

3. BEICEYT HET - 10mZH 2 2 EM & 28 LIoKEERIERIZ L0, M, e ~O1EMT,
WA E FEERETH.

4. BEREICHAT R BEoWENEL ML, EOBREELFTMT 5. £z, ZOHEEAD
ZALEHOENCTA.

5. ERERETE - WERFERE  FER - BEEED 2 GBI R FEZIRET 5. BN,
HWHARAKEBEROWERR 2 LR, ZetoBETE, MRIERETS.




® CHhFETOHREZER - BHOEFRKR

1. BEMEEST

BLHIAR A TRl L7239 2 R1c, HRIGE L BiE (MHREU) L BEIER 1D t) &3 L7z,
B=S/F= uW/05pcq*V>+A (1)

S:MHEPL F o EEEMERD) Vo RO A BEEE o BEGRE W RS TER
ZOFER, BHEI25EZBZD ABIIEETH Y, ZOMA2TE T 5 & 5 TR T THT
DR LIS W EBRH LN E otz F T2, FHIKICEHE S 72 B e 1 3 A9 12 136.0m/. ST
JET, RTH80m/ s TH-o7z. WIZEZIZHRUTBW T Z oIS b s & 9 Iciket Tt
i, BRITmA LW EEZOND.

2. R E KR AT

A VERIC L DR OMEIRIKZA ST 572012, 5 XK & R GUTEE 2R g 36 K O E i
WraEii L. Do EWVTROMX TH MmO BEIRERORm ST 2~3mb 0, HFRIIH
THZBEE L TWD. 0% HIRIT 1 ~ 3 m/min. D HEEIFEC )2 KA R 25 T, K@
BETLH, ZOLEOpEIE, MXIZEVERLZN. A~Tm/sfRETHoT. ZOLIIZHIED
m %X DERTIE, KA A ORI EE A 2RI LV RICE LA RV LR
NETRoT.

3. BBRICEYT Hi&E

1) PNSLREER

I SEdmi I L D 2 BERCR OB DG RITHER T2 Z L 28 L, T AR L7 ISk 2 /EH
SR ZOER TN OFE (10, 15, 20, 25em) , HIALE, KTk G, Hig) 237 A—42 L L
7oA 7100 — A DEBRIZ 0 KPS, $riENe ), ik, JENERE Lz, TORRE D, H#i
TER3 5K, shE/1OBEENEZRE LT,

2) EERER

HKAL ES-DFRRR 72 EH B I S 2 48 E L, Wil (50, 75, 100em/ s ), HifiZ (& (ZKiE35emlZkf L
T7,14,21,28cm) /3T A—% & LT, AK¥HET), SRERS), ik, EHORELZFEmLT-. £D
TR, FHHACEINIARER Q) D050 ca s V2 AITIZIER IS LTEFER L 2o 72,

4. BEBEICEY SR
BeEmELICER L, AR IEMNZ 1REH (CH A7) LmaE iz 28 (A, B
A7) HELT, BUHEEZREISEL LT, TAENOMKY LICk T 2 RERE L MR L.

5. EIRERETE - AERFERE

HHARKESOEG O L D L ERERIZTEE LTI X A L EFIRAA TICXKSTED
ZEMD, ENENDEA TICOWTANEHNRERX A RE L. ZOREREZHWDL Z LIZE D E
BEM CTOEHNZRET D ZENARETHD. DWNWT, EFRDOSKMEDIT, sk Liz&Al K iE 2%t
UM I8/ s D JE i ds K OBmD N MER T 240E L, Ttk 2B < To b OGN I %
EL-.




@ M -FSEEMCHEBEZRTE-ETE~OIERR
R SN EBICOW T TR THIG LTV A2 Z TIHARFRARIERMEHR 6 SICOWTIREL
A ESECWEEEET
1L 2EZLDEEXENDESIBRETLELSH
HiE T, WETEOESFOEENSIMNT D EEBICAEEER L L TR EHAcHE £ L C
BYOET. o, BRIOVWTUIHRLRV VARV T LBV TAE L, HBHEEB IZ YW T ER
IZOWTHRETZ A TR £7.

2. R, MK, BADNZ—V ERBEADOBRIEEDLSITHEYFTH
BBIZHOW T T D X 512720 £

HTOENE =M EETHAE - R (& - s H )

TE R A DV TIE R EEREERE WD, HEED~DOREN K E O B S BN S VM L e
STEY ET. /-, RMEHEDORALERE UCIIES, K ER, HEINZZER, BHEO
M DRI X D E RN ERBZONETH, 2O BEIORERb - LB REINER
bihvEd.

SIBEERBEICEHT ANTA—FDEREABRICOVTHREL TS £, ERICEVTEHED
FOGERERAZER - HHTLSDOTL &5

BROBEMEIZOW TR ZMA TR 9. £, /AR, REAlE HHX OGS 04T % £l
LTEYET. 20T, HEfEIcER LEERZ ML TR Y £ AN, ERTEHEE
L, FEBRICE D FH & KEERE L, 7 v— RANC LY, FZHRLOMIREZER LI EB L TR
nET.

4. CAITRREE EBICTEILT HINED K S IZEHET HDH
TR X HCADBAITEBR THRD SN ET. -7 FERIEN3,5,7m/ s FREZRHRLE L TWHT-
D, EHNIOZEALD —EE EAGE LTS EI1Tk L TC0%RERE S 24 m &L o> T 7.

5. (BEEE SRLEDEETEET HDH.
FHEARMEETH HHIIRABE ZEL L TRBZINZA TB Y £ ks, siiconaix, (18
EYCTH Y, BIEOBGR OARMFIEDOREORGE LTI 4 A.

6. ZERERMOBRETEIES LTLEDh.

FHWA®D LR — F TIROAIWZ ZET DR EORMFHRE RN H D W< ONDBEMELH Y L. 4
O H B ARAKEROBREEICBOTE, BN RIREE ICBREERREN TH o722 &
O, KREBROBEOXIRE LTiTBY £ A.




AR
24, 25 26 - FEDORGEHZ X 0 G 6 ZE A LT TR
1. BEYHEELT
B A CRERS L 72398 & 5, G L BIE (HHRHU) L ERIER D o th) 27l L7z,
B=S/F= uW/05p cs*V2+A (1)
S: MBS F o BEEAEH) Vo HEOWE A R o BEEAE W R LEE

B— 112n T LD ITHBREEATIZ0S~140%FHIZH VY, SFHFEIT089L 72 5. —F, HitAlh
JECIX0.6~4.9DFPHIZH v, FEIMHEIX1.52L 72 5. COVHEIL, ADOFEHMEIZX L, 1.76f%FDK
Lo TWD. ZDO X, HHBEGEOHE CTHIUT B D G O KA FEAR &
LCOFEMEBRNTEE D, 2, BEI2SEBIDZERNAES 50, B—215T L) 12
PTHOBHEBEHT- Y OBEEORERVEREO L7V — MiThDZ LITMZ, #Hid (D) 1T
T, BOKIE (B) NEBHURKE VR ERBRTHD. UEOZ EnD, BIEN25%HET D X
D MR T AUTHRD TR LIZ W2 B 5D.

X — 3 1345 Ml CEEEY OB ELEE 2 FH L2 /E R Th 5. skl X OFHINLE 2 L 0 JE T
BIX1.9~8.0m/s & K& < BT 2508, EHMITIES Tm/s & /e > T\ b, Mk CTAH 5 &, BERiEH T
X 7.0m/s E L OHBR L 0 b KREREICR > TS, LLEOFERN S, FHAIS v 7 el it X
I I36.0m/sFREE T, IR TH8.0m/sTH D Z &N nDd. WIZE AIX)RUTEB N T, Z O
B2 B D K DS CEIE, BRITHAE LRV EEZEZLND.

P 14800
@ FmEEA=> 7 U —F = - .
430 i A é 4.88 _ 14000 400)
350 T o kiafgrc/as 7 v — 1 S t
250 || o HiafsLEC/H @) g QF;,E 2 2 ;
150 L == Q. =2l NOOOOOO0OO00O0
141 =
1.40 I\; ‘ » 153 H—2 BEI2.5% B2 5E3m JIE)IE)
Q

@Kl O R/ME — BIRDFL - Wil DY

1.20 |
: (a) A (bt (o BRI

(dyFre B (AT (DikE:

Lo F | e e |

°
o o —3 * o
& @ g
—n-g=-=®-r ° & * 5'9“0"'"1*%’""' ‘.6-‘-3!
0.80 e} W slsg % Lg | e
g o o ¢ 20 By e
=,1* e * 0
e . © ol a4 * $ 39
0.60 ¢ = 3 ) <
:yﬁ.T- Sy 2F ¥
040 U_]\*E L ﬁﬂ*ﬁ 1 U_]\*E 1 fﬁ% 0 .......... TR TN TN P ey 2ss lasssnas
' FHaEEA KRB C @ () © @ @© 0

B—1 HEEHOEM A () LHEEE B—3 BEHITICL R L4l os




0. Mg ERKR o

I—-1. HFHE

HER VRN L DR OEIRINEZH LT 572012, 5 HIX AW RISFE 720 E 00 2 Fii
L7z, E WG IS DS W CREZIE O Fitl & KM LA R 5. ARk, EEEH AR %
Fha L, BEBMHTRER L, ZORESEEAMERT D, Y EIC XY G b 2 U THER
PUOER It R, RN EZFHB L. B—4 12 5 IXOOHFE R 2R3, S ofE,
TG EmEOBRBEREREO®mIIL2~3mTHY, BERIIH THAZBEEL TS, £O%,
13 1 ~3m/min® HAHFEC IR AR B 2 E - T, HILIEIZEIET D, 0L EojiElE, HX
ICEVBERDN, A~TsRETh o7, DX HIZ, HmEsma 2 52 TIE, KA EF 0%
RN EF TR ER I X O RHBICE D HANZ N ERHL MR- T

I—2. BEREHOHEERR

IHT DR & L CRERTR H TOR RIS OV TORY. B— 5 (I bEaTE E 0 R o IR K
PR L OBRIMEZ, B—6 [IXEER O & 05 Sz Bl o 2R IR E R 7. K AEIS
EFERHT DL, REROKEAEA1/120TH 2 DOITxt L TSmO ARIL1/42L 3HERESRE WS
DD, RSBV I X T EARITKE AR BT 50, %O ERERIIHRAH#RS
MTHDLZENnnD. B—7 \TITEAEMENT X 2 s &(ﬂkm@ﬁiﬂ AR, RAKE T H
BRI EN D LA Z MY, 46 EIZHRKNIRKEIZED. —HiEIINT FOm S IZE LR T

, MIDSSERITKEZET HRERCom/sE T EAT 5. I—S’iﬁmwﬁﬁﬁk%ﬁ#ﬁ@ﬁﬂ

7rfb%5ﬂr7f X[ (b) TIXTFE S DB THHT /1 H38580kNA» 5 5603kN~ & 35%H 4 % . 1k
HAINTMEN E — 7 & 72 54257308 CTIRAER IRt 2 LR it IR 5. TR R
BT S/ DN AKRERICHIRHICE D EBRRE L B L TEY, YRR LR
S TW5.

i - A Bt
7 ) ~ EEBERHIER
— = [ .. - FERERHER )
M e | wEw L g W??Wtymmm
=1 ? § <
%J i o = -0 § Iﬁﬁmﬁ;— 0{9&\\ M/A\B
= o ®

o3| @m0 AITHH
Eoll@me  @a@)
Sy S
L (o) Eerirs

(a) (b) (c) (d) (e)

R—4 s sHr s 5 H =R O RGRAE & IR /K P

1585284706F)

lea———730m + 650m
sl =120 Sl W
el 4 EER T g
i=1/42 =1/120 M
v=semis_ o~ | R 7 ol EH= 9mJ,

M—6 Kl Z8 34 2 o SR




8.0 4

10000

AEER

= H T IR B RPRIES 9[m/s] 7= m pon .y
E 40 _Mwﬁ&ﬂ#ﬂ[nﬂs} =z zggg F 5 T Py === KRS
pi < 7000 -
Fo— Al s/ 8 N
=
20.0 - [N
G /\ »»»»» if e ol [b] >
4E 10.0 1000 - \—-\_
L T TR o ——— NG ﬁiﬁi “ 0 ‘ ‘ . .
Y : 42 43 44 45 46
35 40 45 50 55 60 e (59)
B—7 KA E RO RFAIEZA L K—8 {EHEIEHLIIDOREZIEZAL
. B2ICEEY S5
— 1. fMALKREER
HE R R DD BERR O DB RI/ERH T2 Z 28 L, T e LW 2/
&7 2 0 FEERCTIRINLIE O & (10, 15, 20, 25cm), HIALEHMTER (Him, Hig) Z2/87 A —
5&Lkéﬁﬂm7~X®¥%%ﬁ%*¥ﬁﬁ SNEIE D, ViR, EHOWNEEE LZ. B—9
IZFEBRIEE 2 RS, KOLEIIEA T A4 RRGEREE L2 RS, B—10123 5 & K ) o Bf% %
R ﬁ%@ﬁWZ&of mﬁﬁﬁu%m%@Lf%m¢é:&ﬁ%#é R—11z3E# 5

DIERAZ AW BEERK ) &

TIIM20%FEE DA TIINTETWD I ER oD,

RS- OB 2 7R

B HE I,

S ) & EER

H1, H2, H3, H4, H3, H6: i &3t H4  H6, T1
o 111 1 H3 H5
e ) [
e
FEHEAR 6000 T 6000 T ‘ 6820 1000500 5650
WET i 50 300 300] g L
4l . i 4 : £
— 120 — 1 e
3000|2000 6000 27470 2530 |
K—9 FEEaiLE | |
30 30
Fx(cal)=0.753 o ganA 112 711
(7/ar=0.5) /' -
E s -7 -
'_‘20 | 220 B ,// /// 1.2:1
5 g L7 I
5 _ S , -
& © i 10cm = et
b ® 1S R - e @ 7 5 10cm
= 10 ") ra7oem ot 8. o
@ % F20cm i Rt @ 7 5 15cm
O JL#E25em I Lo @ j1l #520cm
— LR ik 2 O 1 =i25¢m
O O L L
0 0 20 30 0 10 20 30
K T Fx [N] K FIFx [N]
K—10 /KNS & K—11 $#25E Ao RE%




B 1200 AT B BR: & 75 2 WA OIS R B L 72 )04 2 BRI 7 % 7 B-13

(AR A BHRIRR ] & U MERCHTICAE R 3 2 KR ) EHTRRL ORISR B L T2

TGN B354

T, AR O A R A 3R U TR LA ER ) ORI 27 R L7 b DO TH
L. THNOOREREY, KYFENTEITT 5805, HRICE 2R 5 2 &I &> TRAET L HMlmE
DEDD, KHAER T D-0% % 158, e RIS MERAREZITH D Z Lo h, AEAER AR

HIHEHTA2ENCHKE SN TS EEZ LN,

M—2. EEHRER
KN _EF- DR T2 B 72 248 L, B (50, 75, 100ecm/s) , HIAZE(KIE3SemiZxt L
T7,14,21,28cm)%&/NT A —X L LT, KT, ShiEEE T, mE, JEHOREEZEmL7-. B—

—_ =
S N A
T

SR 7K S ) Fx (cal) [N]

100

90
80 |
70
60

EE %]

=}
=]

50

20

THF Y

10 |

0

S N B~ O
T T T

Average(No.1~5)
1.13kPa

40 |
30

HfrkPa
B—12 540 CEYE oK)
1:1
Vx=100cm/s
Vx=75cm/s S .- "
_ {
Vx=50cm/s O OZ=-T7cm
e ®Z=-14cm
(\ AZ=-21cm
"""" ‘ ‘ ‘ 0Z=-28cm
0 2 4 6 8 10 12 14 16
K J)Fx [N]
K—14 Fx &8 Fx
m i ER: Q@
Mk LB
oK 1-C A
- ETEE+C n A @
AR LA
xR TEEETA m (©)
| |mifamtB
+ ik TR 1B @
m ¢
@
‘ e
(¢}
0 1 2 3 4 5 6

Jebiiit R [m/s]
—16  JosmiftiE 4~ 0 mElE ORER

25
Z 20
3
=z
ar
Q
] 10
R
H
£ 5

0

5

K FIFx [N]
®» © o Z 85 &

~

100
- 80
- 60—
E
40 é
=
- 20
Fx
Fx(cal)
- - = Vi \'\/\/‘/f 0
-20
12 12.2 12.4 12.6
time [sec]
E—13 Fx & Fx(cal), V1 jiiiH
EERE : SEI11.2N
FHEAE : 113N
Fx ()
Fx (GIHHPA)
10 12 14 16 18 20
REfEtime [s]

K—15 Fx EEJIEIHRDT- Fx




14 \ZIXEHRIKSE S L322 (0.5 p caVEA) & ORI Z = T2, 1RIEIS LR Lo TN A,
—15 (ZIIAH A T S - E DRI RS 2 3 7= e 5 & EHC X A RER S o R AR
T, IFEMSLTEY, MEORTIEREZZ0 TND 2 EBGh5.

V. EEEECEY SR

BT REEMMIE DO R T A =2 L LTEZ LN D HEEIEE OB KLE, JComiiE, Bk
Ay, EEETEEMOBREGRNICED LI ICEEELKIITIRIET L EZAME L,
OE A SRR 2 VTR 2 DA L E B EE Lo REIEEEREZITY, LFO
fhEm a1 T

B-1612R9 & 9 12k b & B KR O gk SO E B EIC K 2 BEIE ol E FiEIL, Lo &)
Rt THRATH DD, RO - H &Y Of 55 H#EY 2 & o TR
THIZEARATHSTHD. LB RICK DT EamiE & o KoM IEFICHE <,
PG ICEEICRA L, BRI O MIE T 2 N MlEE I8\ CHERE N il
T4, BEORHENEBE LM OEAMBHOLIZER T OBRERELHPT LB VEREL A
v, BLEIET & E2EROmEEERIZN ET 5.

R E R L LV L K DFNIC AN HEB RO N D EEE O TN EEIEREL 2D
A H 5. ETOFKIE, EEoREBEN LB KE < EEAEDNESCH RS X%
T ERVICEREL, BIoREBENLKRA/NS EHAEDHBENEZGEAIZEVED
WCERNT S, fiEOHRAIETLORBEAEMEED 2 LR, BEOHEAIELOERE®RE
D BREHE AL DEMBMLE L 72D,

V. FBREREHE - IEFERE
BUEE COMGPRIOME 2 LA FIZRT . WA ARREROBEG I L 2D & BRI
BATEEFME A TIIX G TE, EHENTOEBRICE D EEA NI TOLIIZEZLND.
(1) MR Z A TDIEE
ST D EMLE A N T A —5 & LT EROER (5 10cm A (Case A), 15 25cm
FER A (case B), #1E 11em #EE HE(Case C)) 35 K OVSHE B C 320t S 4 72 AT SOR i B i1 0D 52k
FERAER—1T 1T, EREZQARET 20 E2 KD, Hi~OBAEEH 2D OVER T %2R
FOWTRETED. 22T, BETAREAT anlFNLEOEETH Y, B TBIN S THD
RAKETIEARNWZ ETHD.

1) AK¥EJ
Zlan =0.5 DFE ax= 0 g(3.10an-Z/0.42) )
Zlan <0.5 DFE ax=1.9 o gan (3)
2) kA
q= 0 g(0.53ap-2/2.18) 4)

T2, Z o HHROMLE z o MR an R qx c BALEAE ST OKET) qp 0 BALE
= 8N
FRERITHHAERE S 2 W IIHTEEREZ R’ T 2 Z SIS E WIEA 2RO D N TE D,




(2) EEFRIA TDHE

EFPES A 7T OFERAEFhE LIoiER, KEEREENE (1) RCBS2FEXLVRkDDZ
LRTRETH D, ERERICLD EERKOBE, AR TED TREWND &
DHERINTWD., —HitMR eI S % E bR ETH D0, fil ZIXBN S A7z IS 28 Fe K
SmEEThHoT=Z b, BHBLOSmBEOIMNIKIZ LD EH 2B ET AiELE
ZbH5.

o/ LF[Hs  OofEL  eyAKDb oOFEL eHFH oFJIL
(o) N} ofFNL  eHIkS (o) 7 =) e RS @EFD
1.2 oCaseA o CascB ¢ CaseC 12 ¢CascA  oCaseB ¢ CaseC
¢ CaseD
1 1
jout jout
208 £038
N 0.6 NO.
i gl
4 ® -
204 04
e
&
0.2 0.2
0 ‘ 0 <&0® -
0 0.5 1 1.5 2 2.5 0 0.2 0.4 0.6
KR IR MRITEIFEA, /pgay SRELVE DR /IR AEA /pgay
(a) KV (b) SRiEE)

B—17 06 b & DIEE &K ED R

@WERE (0DF)

FRROEMOIET, WK LR KRG E2 XG0T, KAt 8m/s O E F RISV EERIR O F &
5m OIS NEH L= EAE L, WKZER T OEE LS E2 R L.

R—18 ([CHEE AR T2R"d. Z 2 CIRIMNIC LD BB H LA BE L, SR LOLTKE
TN TT 2 LIET D, KFEAEA T 36631kN % 24 a7 U — k7 a v 7 TAET S &
WrimitE 500mm, & 1000mm ZELE T DREOHBE CHoIIicE s 2 Ltk b, 72, ML
SEAT N TEFR W TIFACEER DN NENWZ LD, BFEOBITYH +oRm i A+ 5%
Lo TS FE T, B-19 1S3/ &SRB 7 M O %R S B 723545 O xR T.o—fil % =
7 U — MBI T,

waE FERIE

2-7—T I 27— 27—

AL TR R AT 7 > o
36,631 kKN/(24% FT)=1,530 kN/f& Hir
ER 7 HHT

_ F, S
AKEJTI) | 36,631 kKN 2 5,603 kN

HETS 4y b
(r—7 L EEE)

F, S,
323 kN < 9,338 kN

FRTEL )T 1)

(b) IEMI[X
K —18 xR T B—19 xR T




@ Eﬁ%’%ﬁﬁ%@%i’lﬁiﬂ
. RRBX
24 25 264FFEICIT T RE & & Le20fF O A FE A i SC A& Fadfit L 7.
DR AERA NS SBROBEFE ST, Vex RiEd, AT, MERE, MELRUE
Vol.59A,pp.417-427.2013.
2)Tsunami damage evaluation of Utatsu Bridge by video and 2-D simulation analyses, Li Fu, Kenji
kosa and Tatsuo Sasaki, Journal of St. Eng. Vol.59A, pp.428-438, 2013.
3)Tsunami damage analysis for bridges in Shizugawa area, Yulong Zheng, Kenji Kosa and Tatsuo
Sasaki, Journal of St. Eng. Vol.59A, pp.439-449, 2013.
AEPE )T D B X OFEMBF T, 2, SEAE T, hEpdSE, fxREE, ar s U — L%
FERGHSCE, Vol.35,No.2,pp.799-804,2013.
B)ELI B & 52 T T/ INR MDA R O BEMI S oo, Ve AE, =/AR, shEeis, a7 U—Fh
T ARG SCHE, Vol.35,No.2,pp.805-810,2013.
6)EVALUATION OF BRIDGE OUTFLOWS DUE TO GREAT TSUNAMI, Yulong ZHENG, Kenji
KOSA and Tatsuo, =7 U — bk LFERGRCHE, Vol.35,No.2,pp.841-846,2013.
TIEFEAE OEIENT K DHESHT, WK, A T, o RiEAg, ffiE TR U8 Vol.58A, pp.366-377,
2012
8)Damage Judgment of Utasu Bridge Affected by Tsunami due to Great East Japan Earthquake, Li Fu, Kenji
kosa, Hideki Shimizu and Zhongqi Shi, Structural Engineering Vol.58A, pp.377-387, 2012
9)DAMAGE TO STRUCTURES DUE TO TSUNAMI AND EVALUATION OF TSUNAMI VELOCITY IN
SHIZUGAWA, LI FU, Kenji KOSA, Hideki SHIMIZU and Yulong ZHENG, = > 7 U — bk L5325 3C4E,
Vol.34, No.2, pp.805-810, 2012
1OV T K 2R JEL HIR 0> PC MG R & & Dot OG0T, Vex RiEE, EEE S, 13,
HIEE R, =27 U — FLPERGR I, Vol. 34, No2, pp.811-816,2012
I. Rg
2SMEEICIT NRLOR T A Z T T,
1)?%?& X DBROBEINT G211 AR YT AGm ) P4 FE S LV A L Aar 27—k
I 5 ( nBF‘q)
O AREROHE~DEHRREE
PRI AT KSR E A AT 5L LB, EARPEOZENVEEF O 5 & L THWW
HEEWG AL, AR T MW THEENR IO 4 FEli L 7-.
DR AARERIC L DHEOIRE, NHKHE A ARKER A v U HE, 2014,3,
)W AARNERIC L DEPHELT, Ttz mde ARG SIINEFRIEEE 2 3 M G 214000 S i
£ E1300044
IR DSy (e Ete) OxRERE, BLAB S, ARYS, FBHHMEE~
RV A bR IF— 2,pp. 1117-1122,2012
)R AARRERIZ LD EREEIHT, RFBER~OFRIGER (R KT, KBTI, KT 2012,
SN 62004
HFRARRKRERIZ X DBRPEESI N TORGER (FAEa 7 ) — LR KREA LA UK
%) 2013, B3ME S %ﬂooé&
SR AARRERIC X DBRFOWE I/ I EESTHBEZ, iﬁfx, 2014.8, ZIM#E 12044
6) W A AR KERIZ X DEREOHE M/ INE B S EEIE S, TARFEIED, 2015.8, ZHNHIAE 2004
DHUERHRAT S ES AR 7 A, HEEWG RS, 20127, ,bn%‘looéz.
QYHIEIFRA T /115 AR Y 7 A, HEEWGHE, 2013.7, 2171004

ZInE

W




@D HARDSRORE - REF

ABFFENC &0 HEAC K DB RA~OIER, 5 O 225 I AP R R S, T 7R A
Bonl-eBEAONS. —HEOITHMETNSELFAET D, DRI BERRETEREIC OV T
9 5.

. il - REBHEIC @Té#ﬁd
ﬁEZIKjt SROPWEDICL Y, BROWEA D =X LB LOEOMRFELRAM L oo 7. KF

Ea R SN DMHEE - W EIC L CEAT 2 2 Lok v, BEREFEER X ONEY) 225 R Bk
DIRENATREL 72 5.

2. HOMHmBRFEICET S5

AL TIL, =T NRT =RV e H0D Z L2k, KRS XL OShEERP 2 ffr T
LEWREL, ZOHMECOWTHER LZ. LLARND, T —rL b —7 i3 3kFE LT
BHT 22 LT LB UMETIEZR S, BURERIC IV MRS OMNERHD.

3. BrTomWAFEICET S

FEBIZLD a7 ) — FERETLIZOWTUIREY IR PIHE TH L Z LT b E R o727,

Z DOFHIZE B 72 L-UZIT R o T, A%, S HICKBERZHWT, a7 ) —h7
1 7 JORROHIG T A /N T A — & & LIeFEREZ TN T 52 LIk VD, BRI ETFEDOHMENL
BROHND.

@ AR DEBRITERADRBR

BARHY 728 AT BUI R T 2 R & LL R ISR 7.
1. BEOEZFDHATR

AEFFETHEEHEES S, MiIMVEICLVRFENERETLHZENTED. LoTH
EEE =S B TR, *%EE’*J@%%‘@LXHL L CIEfEBREDHEN R TH 5.

2. REICETABREHERNFEDHAR

VN i N N ﬁEIZ!Kj(EE‘“ EOBROWEA =X LPHALNE R STz, RO FIE
WL Z LI LD, Z XS - R i HLER z’M‘EnzéirLéﬂLJll PUE, JriEs, X
N DB %%L%Wimﬁmkiw B 70 Xt R FIEDIREDAIRE L 72 D .

3. XMEIDHAR
falR & HE S TG ﬁbfi&~7»%7yw~ﬁwb%%wtﬁ%%ﬁﬁ%f%é

ZEEHLMMT L. [ARRIS, oL Iar s ) — MERICKDRIENAHNTHD Z
LEPFLMNI LT, AFEZIFEEL LT, SOICIRMRFEZHRFT LI LICED,
W DEERRZNZ X D AR RN W RE & Ae o Tz




GIEER

1. AEENOERE

SHHFIZCELFERICE Y, BRI T HBROBEILEOREZ VWS BNITEY N, £,
WEA D =X LOFEWEZTMT 5 72 DI E L7z 5 D FTO R B ARKERIZ X D BRIEESITIC
EV, WFNROHIKIZIBN T HIEA~Tn/sDOEFIIZ L D HRRE LT Z L2 R THD THL
M L.

2. SEORE

BEEER) 2B RIEIRIC O TR, M FENHA LN E R ST b DO, Kek7eMBlk, Wt ox
B BROELOMIBTFEIIONTL, BT Lol LT Ro Ty, 5%, b i
T A= LT EREE T H 2 2K o T, BEBIREED T 2R GHECHTR FIE 2 LT 5 2
EINHREE R D

3. ERBEROENMLE~ADEE

AWFIERRIC KD, BRI DIEER 2R3 G FIERPIR STz, Ko TR FIEZ VT,
B R EHIR O R O FH R 2 T T 2 Z E N AEEEBEZ DD,

4. AREOREME

AFZENTIBNTIE, 3 WFIC STIHOER (AR, /DKE, mO08A) 5 2 proBis
AL CUNR, BERTEHE, £4, WEEER)D I2X0, FolEnGon-sExons. i
264, MR RTFPiAE204 TIN O OFEBICI Y fiA, HONTREEBET 5 L K
4350 T ICxE LT, 1 O WHRES RPN H o L EZ His.
DFFEIZHT E2ERF [FLR]

I. HEITAREEH

1. EEZEEOHIRPERNMEOND Z LICLY, EBENARBRFRENE S,

2. BRI, 3 7 Bl —BEOHYSFICHT 2EBRBINC L 0, HSE O RE TR
DT RNRAANRELND &L BIZBATRTELE OB EZ TN Z LN TE.

3. HHAARRERICBIT 2BMFAEICIWTH, FHEHLRHENRH NGO, A L—XITH

D D Z L AR,
4. 2085 n Yy MIEEYEHE L IIEES KL 2eo TRV AHD 5 728 ERE RN
BOTRENLEEZDOND.

I KOVWHERIZDONT

1. BEIDEH

BRINT AR LR, TRPIT EORIKIN S o702, Bz, EBRICHW T T RIS %A
HOEBEOEMIZIAAND 9 ETEHMEZREINIGENSZ UG THCES TEMT
L5 E b ENoT.

2. BAO#H—

TENE, BEESHEMOEER 2R EZ R L CWEE &0, FlZ0E, EBARRM & R
BEEOHEADELR L7202, 250080 b 0% 2 BB G H0> TERT 578 & R E
ENNELIp o7,




[#%= 2]
MERZICET HREF [FoR]
MAET—<4% : GRRISAVLERBEVMOHERSE) ]

Wik 2 4 CREERICER L TLEIWY)

HAL - T
IR E S
&t [EREG S IR
Wih e | AReEe | R Z Ofth 7
B4 1,200 0 336 236 628 1,200 0
IR ELKE 1,221 0 354 225 642 1,221 0
V=GIE A21 0 A18 11 A14 A21 0
BT - 5
IR A
&t EitE D% EREFET Z DAt
1,221 1,200 21 0

BE 4o ENLHEBRLEHA LT L-EAIcE. ZOHAESEE2TA LTI




MERZICET HREF [FoR]
MAET—<4% : GRRISAVLERBEVMOHERSE) ]

Wk 2 5 CREERICER L TLEIWY)

(#xX 2]

HAL - T
IR E S
&t ERET Y- IR
Wih e | AReEe | R Z Ofth 7
B4 | 2,250 1,126 529 429 166 2,250 0
EEE | 2,279 1,155 534 418 172 2,279 0
V=GIE A29 A29 AN} 11 A6 A29 0
LT 0
IR A
&t Lt B D% H O e %A Z D
2,279 2,250 29 0

BE 4o ENLHEBRLEHA LT L-EAIcE. ZOHAESEE2TA LTI




[#%= 2]
MERZICET HREF [FoR]
MAET—<4% : GRRISAVLERBEVMOHERSE) ]

Wik 2 6 R CREERICER L TLEIWY)

HAL - T
IR E S
&t ERET Y- st
Wy | At iy ZFDith 3
54 900 316 319 213 52 900 0
IR ELKE 927 353 301 221 52 927 0
V=GIE A27 A37 18 A8 0 A27 0
LT 0
IR A
ait it D% H O e %A ZF DAt
927 900 27 0

BE 4o ENLHEBRLEHA LT L-EAIcE. ZOHAESEE2TA LTI




[#%= 3]
NERBEROEDR LICET HBRMBIERRFE] (FRK 24 £EFR)

B3RS R
Ee) MRRESR MRERERE
No.24-7 | HERIZ IRV \E B EY) OB FEBH % SN TR AfREREE T

HER S SRV B RS IS & FEHLT 5 720, iR OISR GHE AN 5 Z L 207E AR L L T,
BIHFRA L OB R 2 L—v 3 LS E D REARRERICB T DR EREA D =X L2
HMNTT D E L BT, KEBTRSERIC LV GRA~DOEMT), BMRAREFEZRET .

1. AROER - HY

HIGHH 1L 19~21 4R TR BT FEBAFGRBEICERIR S D & & I, HER A S I Z T B
HLESHZFERL T\ 5. TORE, LT XD 2tz R WBEREZ R T >obh 5.

1) A~ N7 HHIEBIC X DR OERIEICHEH L, EHEE 2 OB IR IS X0 MR A %
BT DA AL E MR THO THLNZL, EHEREEESFEITIRBEEEZZEH L T\5D.
2) WAAKELIZBNTYH, A~ b7 HlliECHWZBRWETM T TH DHER RS i
B LIBRE T 2 I L T\ 5.

ZOFER, 10m 2 x 2 ISV TIE, HiBBid L OV i OB S Th 5 2 &,
MIER RPN EBEE (T 7 A, C) (23D CHAEZRMERNSH D Z L2 NI LT,
IO EFIT, AR TIELL T ORBVEIZIY fHTe Z 21T LD MENREREE AT D L &b

12, HEEICHRVE RIS AR T 5 LA HNETD.

2. IRANE

AT TIELA T OFEICE Y fTe.

1) HEEMEZAI - 10mZ 2 5 RKEWIZ L 28 EY OB ETRAE 2 i L, #Em~ofE
M EEFUIOBRZB BT 5.

2) HSHERR W BT CEAEMRNT IC L DB R EOEM O 2 £ L, BR~DOEMRL
BHNOBREH LT 5.

3) BRIZET D1&ET : 1omZ 8 2 D E mE 2 E U7 /KBIRBRISEER I LV, #r, e ~DIERM I,
BERNRETFELZRETD.

4) BEEEICET R BeoWERELEM L, TOREELZHMET 5. £/2, TOHEEBA D=
ZLEHSNTT 5.

5) FEFEERETE - AERFERE  EBR - BEHEDE R SITEE IR FEEZIRET 5. BRI,
WHAREROHEGR: E2xtgis, ZeMEORETIE, MR LEZRETD.

3. MIRAR
1) MR R a o

S MK 2 RUICFEM A E T2 i Lz, B—1 =4 ol e
CSHKONTRERE TS, AORE, WInbE 2| 0
ORI OMm ST 2 ~3mTh Y, HEITHT T ,SLQD LU
HZERLTWD, Z0%, BT ~3m/minoki S, o O ARl
(IRESCDN RN ESR ZfEo T, HIfTEICEIET 5. = Ez_éﬁfﬁﬁigf
D& E ORI, WKLY RADE, ~TwistrisT | [Joas s
bt SOLOIC, HifismEi R HHR T, Al )[R T Ta—
RO AR A T T & 0 I D A LR RPN T
MENZ LRGN T, Bl BT




o/LF[s  ofEL emAKkb
12 oD ofglln  eHfs
: @ CaseA ¢ CaseB ¢ CaseC
OO’ © CaseD
! ©
<
DA 1
S 0.6 O oy ’0 ® IR R AT A AT 7 B
“‘ (4 36,631 kN/(2415/37)=1,530 kN/{& it
%04 ’ ’ .". ’ (2475 P S 51 P
2 03 WS
- o S
0 0.2 (b S ' Fo 0 5
= 36,631 kN = 5,603 kN
R 0 ‘ 0‘ o - .
0 0.5 1 1.5 2 2.5 323 kN < 9,338 kN
AAER JIF AR FEA,/ pgay
K—2 KT K—3 HEXIET

2) FRHRETFE - WK

R IRITINZIL & A 7 L B RS A TITXKG TE S, IR OB s ENTLEZ /ST A —2 & LT25E
Bhds L OB T S U ERFE R A R— 2 1 0RT. EREWiET 20 i 2 K, Hio B
HIZV OIEMDNBIRETE D, Thaiiik LIZRAIRE 251, HTISHiiE 8m/s OEFFUIFE bn
DIMSZWAER LT e L, BEHHIN 2RO L & BH—3 IR Lo 24 =7 ) —h7nm
> 7 THRNIETE D Z ERH N E o7

4. FIRFERMX
24, 25 264 LT IT T AL & B L 201 DA Fif i SC & Bk L 7=
DHTEFLEEAEA NN E S S BROWESNT, xRk, FEBZ, BEHE, MEL?
Vol.59A,pp.417-427.2013.
2)Tsunami damage evaluation of Utatsu Bridge by video and 2-D simulation analyses, Li Fu, Kenji
kosa and Tatsuo Sasaki, Journal of St. Eng. Vol.59A, pp.428-438, 2013.
3)Tsunami damage analysis for bridges in Shizugawa area, Yulong Zheng, Kenji Kosa and Tatsuo
Sasaki, Journal of St. Eng. Vol.59A, pp.439-449, 2013.

i S

p=1108

5. SEDEE

AW &0 BRI L BB RA~DOIER ), #8510 O AR 725N FIED IR R S, 0 7 il A
BonltBEZOND. SBRIFARFFELZLUTO I IITIEHTRELEEZXS.
1) M6 - EEBthEICET bR
HHARAKRBEROWESHTICE O, BROWEA D =X LB L OEOMEFIELAML o7 KT
EEARE SN D - WEEHERICR L CGEAT 5 2 Lok v, EHERR O 23k Bk
DIERNFIREL 70 D

6. ERBEROBENOML~ADES
BRI 72 B RATEIZ 3 2 R 2 LU R IT R T,
1) REDEBZFADHETR

A TFETEHEAEEES S, FLEICLVRFENDEZRET DI ENTED. Lo TH
EEEE E S SR IE, BEER BRI L CIBEREDOHEN R TH 5.
2) XERIDHBAFR

falR & HE SNTABRIZK L UL — T N7 v 1 —R v bW RIENGHTH D 2
EERALMI LT, FERIS, L Cidar 2 ) — MR LA RENAHTHL Z &
AL L., RFPEAEREL LT, SILICRNRFEEZRFNT LI Z &0k, EfEY
DEP KT DRI R ARE L 72 o 72

7. R—LR—=U%F
http://taishinn. s2. weblife. me/contact. html




(#=X 4]

“Technical Research and Development for Road Policy Quality Improvement”
Study Summary

No. Title Principal Researcher

Research and Development on Tsunami-resistant Road | Kyushu Institute of Technology

No.24°7 Structures Prof. Kenji KOSA

We attempted to develop a design method of bridges which are resistant to tsunamis. First, we
grasped the mechanism of damage to bridges during the Great East Japan Earthquake by conducting
field surveys and numerical simulations. Next, we carried out an experiment using a hydrologic model.
Based on the overall results, we proposed a method to calculate the acting force and resistant force
when the bridge is flooded by the tsunami.

1. Backgrounds and Objectives

Our research group received a research grant in 2007 through 2009 to study the damage to structures
due to the tsunami triggered by the Indian Ocean Earthquake. As the fruit of this study, we grasped
the mechanism how girders are washed away by the tsunami for the first time in the world, and
received the MLIT Excellent R&D Award.

We applied this damage evaluation method to the structures damaged by the tsunami in the Great
East Japan Earthquake with the aim of achieving two objectives: to establish a tsunami-resistant
design method and to develop tsunami-resistant road structures.

2. Activities in Research Period
We took the following five steps to carry out the present study.
1) Evaluation of damage to road structures through field surveys
2) Detailed evaluation of damage in five areas through image & numerical analyses
3) Study of the damage process through hydrologic model experiments
4) Study of damage to the abutment and the damage mechanism
5) Proposal of the tsunami-resistant design method and protection measures

3. Study Results

1) Evaluation of damage
Figure 1 shows the results of detailed damage analysis targeting five areas. The tip of each bore type
tsunami was 2 to 3 m high and they passed under the girder. The subsequent waves increased their
height gradually at a ratio of 1-3 m/min and reached the girder position. The velocity at the time was
4-7 m/s. It was found that girders higher than 5 m were washed away by the steady flow-type tsunami
whose water level rose gradually.

2) Tsunami-resistant design and protection measures L =
The tsunami shape is divided into the solitary wave =
. 2 6f o|e
type and the steady flow type. From the experimental = -
results in Fig. 2 that used the former wave type, we can § o o
estimate the acting force per unit area of the girder. If @ 4
we assume that a 5 m-high solitary wave accompanied & 37| @ Video velocity B Analytical velocity
. & 2 || (a) Utatsu (d) Shizugawa
by the 8 m/s steady flow acts on the girder of the Kesen 3 (b) Koizumi (e) Kamaishi
Bridge, we can estimate the necessary resisting force. 17| (o) Rikuzentakata
From this calculation, it was found that the wash-away ~ ° (a) (b) © () (@)

of girders can be prevented if 24 concrete blocks are Fig.1 Teunami velocity distribution

installed as shown in Fig. 3.
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4. Papers for Presentation
20 papers, including the following, were published in the review-based journals in 2012 through 2014.

1) Sasaki, T, Kosa, K. and Zheng, Y.: Damage analysis of bridges based on the tsunami’s acting force
and the girder’s resisting force, Journal of St. Eng., Vol. 59A, pp. 417-427, 2013.

2) Fu, L., Kosa, K. and Sasaki, T.: Tsunami damage evaluation of the Utatsu Bridge by video and 2-D
simulation analyses, Journal of St. Eng., Vol. 59A, pp. 428-438, 2013.

3) Zheng, Y., Kosa, K. and Sasaki, T.: Tsunami damage analysis for bridges in the Shizugawa area,

Journal of St. Eng., Vol. 59A, pp. 439-449, 2013.

5. Study Development and Future I[ssues
Based on the present study, we proposed a standard evaluation method of the tsunami’s acting force
and the girder’s resisting force when a bridge is flooded by tsunami waves. The proposed evaluation
method can be used for various applications including the following.
1) Study on the projected Nankai and Tonankai Earthquakes.
The damage mechanism of bridges and recommended protection measures were identified from the
analysis of damage in the Great East Japan Earthquake. If we apply this knowledge to those
projected earthquakes, we can estimate the degree of damage and propose protection measures.

6. Contribution to Road Policy Quality Improvement
The following two points are significant as the contributions to the road policy quality improvement.
1) A specific design approach was presented.
If the proposed design method is used, it is possible to calculate the design wave force using the
girder height and the projected tsunami height. If the projected tsunami height is obtained, it is
possible to evaluate the degree of danger of standard bridges.
2) Specific protection measures were presented.
It was found that the use of cables and anchor bolts is effective as the protection measures of the
bridges evaluated as dangerous. It was also found that the concrete abutment is effective in
protecting embankments from tsunamis. As seen, we can strengthen actual structures against
tsunamis if we apply the proposed design method to those structures.

1. References, Websites, etc.
http: //taishinn.s2.weblife.me/contact.htm
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