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The prediction method of bridge outflow by tsunami based on the bridge ledger
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Abstract

Many bridges flowed by tsunami due to the Tohoku Region Pacific Offshore Earthquake. Then, the
damage of the tsunami outflow of the bridge had a major impact on the restoration work. Accordingly,
prediction of the bridge flowed by tsunami is important for the disaster prevention plan.

Therefore, the purpose of this study is the prediction method of bridge outflow by tsunami based on the
bridge ledger data.

Prediction of the bridge flowed by tsunami uses the value obtained by dividing the resistance of the bridge
by the action force of the tsunami. The resistance of the bridge used frictional force considering buoyancy
and bearing resistance proposed from past experiments. Also, for the tsunami acting force, fluid force and
collision wave force obtained from the past wave force evaluation formula were used. Then, using the past
wave force evaluation formula, we propose the wave force evaluation formula of the run-up tsunami.

As a result of predicting the tsunami outflow of the damaged bridge in Tohoku by using the proposed
method of this study, it was found that it is effective for the primary survey of safety check of bridge.

Next, an estimate formula of upper structure weight and digit height which is insufficient for bridge ledger
information was calculated. After that, as a result of predicting the tsunami outflow of the damaged bridge in
Tohoku with the data about the bridge ledger, it was found that the primary survey of the safety check of the
bridge was possible.
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S <ji ﬂﬁ#%Pfj
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{692, HUERIRFOD SCRF I T BRGNS ST EE & B NERE S ST DR TET 5 X D IZEGEHT 2729,
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F7o, BREBR DT o7z I LZITROMBENTFER X 0 15 DLz 2 2ITROETHRE %X 4-3
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51  AHFREER

AWFFETIEE T HEBERH TR Z G, D~ (6. 13) 12 F & 5, BaHili=li 3R 26
L5205, AWFFEOHHEHT TSI ) 2 A 2 7O SV ER - 2 ORI ISR &
XTI MEZ S SERR 2 %, 1 Feldtr Lm otz < 2 & TR, HrbsidE
S HERE oD HAR X HR OB e 7 L I 0 AR Wl oy AR 2 S, DB 2 A
M2,

CASR e A
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1. 0 DGEZ4E (5.1)

ZZC, S MHRPUAIKN)  Fe: 2R (KN) - Fre c A7 (KN)

(W Bz 2 /)]
s
7/ay=0. 5
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F . =0.5p.Cav2A/1000 (5.4)
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AHfFeHESE
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Pg : SUKMIRN)  po =/KEEE (1. 03¢m3) V=144 (g & X M7 X SR X3 E) (md)

[ = LI 7]
AMFTEREGE
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6.2 LIMEEEEDHTEN

TR SAERLTH D CHEEE T Mo G EROHEEIIL, HURIC X AMEEREEM I E
W OFHIZ RS A A e R Bt = LK S 0 L KT R e L 0 18 MGG H
ZER L. 8 1o BIEEROHEIIL, AAGRERHENES « L TV O
P — 5 = RN S AU TN D 29 H7 & T K DRGSR Z T ORI BE T 5
TEN TR B SHEE NGRS TS 5 HiE A Lz, 22T, HiEEE S HimOHE
KR D 1= DI T DERIEROFMIT EBEETH D 2 & Him-oERR e R4 5720
TR D = & BRI — 7T AIER L W TR TEIR TlE e < . — IR TEIR OIGE:
ThHZ L e U, HEERDOFEHITHWAGRIEHRZE 6-1 12, C /MR T Hr & HilE 1 1o L
MG & R OBIRE X 6-2, X 6-3 1R T, ZE V., CRIFE T Hi L 8lE 1 Hro i
EEEOHEERIT6. 1) ~6.3) £X6.4), (6.5) &722o7,

F&6-1 HEXICHERLABRIER

C RI5E
_— . XHEE | 2E& iit=) r;'ﬁﬁjiéﬁifﬁ B EEEEE
(m) (m) (m) (m) (kN)
IMEFE PCT #7 15.9 8.32 1.3 132. 288 1,436
IRARIE PCT #7 11.8 9.2 0.7 108. 56 595
EKIE PCT #7 13.8 8.3 0.88 114. 54 1,342
“+—iEE PCT #7 16 8.3 0.93 132.8 1,442
. PCT #7 40 8.3 2.3 332 5, 602
TEKRE p
PCT #7 29.2 8.3 1.75 242. 36 3,323
B PCT #7 36.6 1 2.23 402. 6 4,959
ERIE PCT #7 21.8 14.8 1.15 322. 64 3,972
AmEE PCT #7 23 13.5 1.3 310.5 4,307
PCT #7 20 13.5 1.15 210 3, 587
PCT #7 35 55 2.4 192.5 5,181
ERNER PCT #7 40 55 3 220 5,519
(JR) PCT #7 22 5.5 2.05 121 2,082
PCT #7 15.8 5.5 1.35 86.9 1,219
KFEAE RCT #7 10. 857 5.75 0.87 62. 42775 782
. RCT #7 16.6 59 1.5 97.94 1,141
INRAGR .
R RCT #7 22.9 59 2.1 135. 11 2,091
RCT #7 13.5 5.9 1.3 79. 65 903
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s - YR | 2188 | e BEiRat ﬁﬁ&;ﬁ%ﬁ — LEMEEESR
(m) (m) (m) (m) (kN)
HLAE | SEIHT | 44.5 9.2 2.5 RC 409.4 4 4,088
HRIR—S15 | M4E 147 | 46.8 9.2 2.6 RC 430. 6 4 4,403
RSl | IMEIHT | 42 9.56 2.15 RC 401.5 4 4,185
BROFRYE | B 14T | 41.7 9.7 2.4 RC 462.7 4 4, 860
KiTHE HEE 1 M7 [ 37.1 9.2 1.8 RC 341.3 5 3,001
SEILUTAE | SE 14T | 46 13 2.5 RC 598.0 5 6, 043
IR IS 1 M7 | 49.3 7 1.85 RC 345. 1 4 3,130
RIE | #E 4| 50 11.15 2.7 RC 557.5 5 5,588
JEFLRAE | SEFE I MT | 52.7 | 12.65 2.9 RC 666. 7 5 1,012
FIRE MAE M7 | 48.6 | 12.8 | 2.422 RC 622. 1 5 7,59
FHRIE SIS 1 M7 | 31.2 8.2 1.2 RC 255.8 4 2,100
RREE | MBI HT | 37.4 8.7 1.74 RC 325. 4 4 2,985
BENE | BB IHT | 46 20.2 2 RC 929. 2 9 8,454
EXRESEEE | $4E 147 | 54.4 10 2.8 RC 544.0 4 5, 601
EoEEE | SEIHT | 41.6 9.2 2.1 RC 382.17 4 3,497
&K SIS [ 47 | 39.1 1.2 2 RC 281.5 3 2,353
#KiE S 1 M7 | 43.2 6.2 2.3 RC 267.8 3 2,509
FEE HEE M | 41.4 9.2 2.3 RC 380.9 4 3,517
HRESEIAE | BB I #T | 31.6 | 18.05 1.6 RC 570. 4 1 5, 650
ENRE | #5147 | 45.9 | 15.675 | 2.6 RC 119.5 6 1,856
=fts SERE I HT | 49 9.2 2.6 RC 450.8 4 4,700
INRERE | SEAB AT | 51.1 9.2 2.7 RC 470.1 4 4,74
INRAKE | SBAE 14T | 30.1 1.3 1.5 RC 340. 1 3 3,311
SUIKYE | SB 147 | 35.97 | 13.3 1.8 RC 478.4 4 4,763
SUIKYE | SB 147 | 35.97 13.3 1.8 RC 478.4 4 4,763
FRANE | SAE1HT | 24.3 8.4 1.2 RC 204.1 3 1,757
NALE s Hr | 34.2 22 1.252 i 152. 4 12 4, 666
ERFERE | BE M | 331 1.2 1.2185 i 238.3 4 1,160
A fE4E 147 | 39.5 | 10.3 1.1 i 406. 9 8 2,863
FRENE §iEH5 [ 47 | 36.6 19 1.2 i 695. 4 10 4,782
REIWE |##B147| 30 12.8 0.94 i 384.0 1" 2,989
FRRIE s #r | 31.3 1.2 0. 886 i 225. 4 5 1,365
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6.3 HEDHEER

IMEDPKRE L RIUINTE B REL 2D LB ONDT20, £ 6-1 OFREHRZ VT C R1G
T T HT & 8kG 1 MM R & SR OBHRZ TR A X 6-4, K 6-5 177, ZHLD., CRiE
T M1 & 4G 1 oMt OHEEUTZ (6. 6) ~(6.8) £ 3(6.9), (6.10) & 725, Sl 1 HEREAE D
HEERDFEREAMER MR & 72 o 7oy, ZHUFHRRRIC L 2 B &R iy, SRR O T M E:
DEAINZEBI L TR E L BRERD -T2 Z ENFIR EBZ BiLD, Ko THIRROTH THIZ1T 9
BUXPIETH D 1. 18m 2T D,
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[C RABGE T MM E

PCT 1%
H’=0. 06L+0. 54 (6.6)
PCT #5615
H’=0. 06L+0. 27 6.7)
RCT #&. RCT #5EHE
'=0. 08L+0. 16 (6.8)
[EIFE2 T MroMriaHEE=]
RC FRhR
H’=0. 06L—0. 27 (6.9)
FRIARRR
H'=1.18 (6. 10)

ZIT W HEEMTE (KN) L SZRTR(m)

¥6E 5IH-SEXH

(6-1] AT AR, 2016. 4 BUS

[6-2] HENEN BAEKFS SEEERRTE, p. 114, 1956. 5

[6-3] ARFEar7 U— RS BRI X DEREECRIE I ORI B3 2 54
WL E s E, 2013.11

(6-4] JEAKSek =BT MTHENY fEHRZ  RAARERIC L0 34 LB L O
P, LA ML A har s ) — M 5520 Bl R YT AGRSUE, 2011. 10

(6-5] fexaAsEE BB 2 KR FAE - RAARKRERIC L D OB A2 T 72 HH
PSHAEORETHIE, 55 31 Bl TARFHIE TP aahistin Uik

[6-6] HAAIERERS  ABGFEHET — X ~X—2A, http: //www. jasbe. or. jp/kyoryodb/index.
cgi, 2017. 8 HfS
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FTE BREREEOEREF OHEIUBR LAV ERRL TR

1.1 FHEXZREROER

FESTU LY | R EIRERE OERE R 23 16 25 HTOTHId SR OERE £ T-1 1R T,

RKE & PRI TS T X0 | BIHIEREC X DI & EE O ERRTIC X A YEE A VT
%o T DR r%e&f@mmm%@l AT O 7Ol B T L MG ORRFES A, mifile, HifE
EOTFHRNELTH 5, Z 2T, il IS OEES S Ch 5 0. 4 ZHEEE S LCTRERI L.
O =SR2 R B E  E T L0 By MED 0. Im 2T 2, Fic BT EEEOHEE
IX 0% (EHECRAENIAET D LIGE L, #5-1 OFREHRE AW C B GEEEORHEEE &
B/ MEEIEZ (7. 1) Lok,

®T-1 BREREEOFRZEFOFHEAFBRIER

XM&

, . A [ e oy o Lo P TR T
No. MRR& |BI& MEXFER BE "7 00 [0 mrew REGN | m) | ) | EME| m | TS| \ERA 0
() (kN) (kN)
1| &SbKig2 | 1982 (gﬂcll I;’fj;%ﬂ& 136 | 2377 4,174 5273 18 | 047 | 3597 | 133 3932 14,900 44,766
2 I 1958 [ROT| _ 138 | 695 1372 2,183 065 | 0.1 14 8.75 1,292 6.168 2779
3 | NA<REg | 1975 187 | 948 645 999 12 | o1 11 88 607 2823 5.129
4 LRE 1992 178 | 445 1,918 2971 16 | 01 | 285 8.2 1,806 8,396 15,567
5 FEE 1979 | PCT 125 | 353 1,120 1,735 13 [ 01 [ 2465 6 1,055 4,903 8273
6 wHE 1967 EF it} 536 | 582 1.358 2.104 15 | 01 | 2377 | 73 1279 5,946 3910
7 Binia 1968 EFN 173 | 781 440 681 16 | 01 115 6.5 414 1.925 6,486
8 RER 1935 @ 104 | 757 344 556 1.1 [ 01 [1275 [ 55 655 1502 3052
9 [RE3E 1964 | ## 95 372 300 379 084 | 01 | 1375 5 424 891 2355
10| BEE 1975 =N 152 | 447 871 1.100 125 | 01 | 269 48 820 3,109 10,586
11 FEE 1966 | RCT | JA 142 | 222 1.238 1.969 15 | 01 145 78 1166 5664 3,159
12 RiRiE 1962 10.65 | 833 835 1,294 055 | 0.1 17 6.9 787 3,657 2257
13 HEiE 1968 dh 93 447 1,365 2,115 1.2 0.1 21 8.3 1,286 5978 2435
14| KEEXE | 1970 PCT 9.95 8.58 2,744 4,251 15 | 01 | 2854 | 113 2.584 12011 8714
15 | RRERE 1986 G4 125 | 239 2,887 4473 13 | 01 | 264 | 128 2719 12,639 8,660
16 | KiEiER 125 239 2,887 4473 13 | o1 264 | 128 2,719 12,639 8,660
| 17 [FER 154 1998 EFN 12 8.94 5616 8.701 18 [ o1 [ 365 [ 173 5.290 24,588 7.980
18 | #)II—S48 | 1976 & FTTH 12.1 258 946 1.195 1.04 | 01 23 5.96 1,009 2,373 6,085
19| ROEE | 1978 | I 348 6.45 925 1493 07 | 0.1 22 8.2 1,083 2,791 1,054
20 ] 1978 8 11 456 832 1,051 125 [ 01 25 5 821 1819 7.120
(21| XA 1988 [5]) FRIR 746 | 291 3,380 4,269 1.7 | 025 | 3155 | 125 8,712 13,114 4,821
22 AERE (RC) 746 | 291 3,320 4,195 1.7 | 025 | 3105 | 125 8,596 12,930 4,745
23 |BEIFF=(H18] 1988 # 10.16 | 647 1.871 2,363 12 [ 01 [2864 [ 82 1796 3.997 3627
24 EE4E 1994 | &A1 # 612 | 521 4,507 5.694 107 | 01 | 321 16 4,352 9.677 4.408
25 AiER 2005 [ 5 172 7.216 9.115 09 | 01 40 20 6.758 15,109 3465

HEE A E A A (W mex KN)
Wia=(X + 1.6450)W’
HEE A E A | MIE (Wi KN)
Wnin=(% — 1.6450)W’ (7.1)

= /ﬁZ(xi_f)z X =% =—Zx1

ZZ7T. o: IEHEFEZ(PCT:019 PCT $46E:008 RCT:0.14 RCIKM0.07 #Hillkhi0.14)
% : F¥J(PCT:093 PCT #%E:097 RCT:1.01 RCFKfiR:0.99 #HERNfR:0.98)
n:EEc W EEEEERKN) W HEE RS R(KN)
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et 5, & 7-1 OfF#E O CERRH TR ZAT o 7o R A X 7-2, 7-3, T4, 75187, 6
G No. 1~10 [ ThEHEGE, A4 No. 11~25 |IARIEHIER 22 LTl v KRBT 1/ /K EK 173 1.0
FIEOATEH & T 2, FAELTWAIEL X HEEEOHETERIC LA LD TH S,

T2 \ORIPHFERITHR L, F/ NI ) &2 AW 855 O TRIFE R A 7D & efEciknTEE
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e O TRIRER A D LR No. 18 & 20, 23 23Tk & HERHIFRIA—B L T viedo T,

ZOJFR & LTH b T HIRATRGHERLUSN DGR K DI OBEEDB T bivd, 514,
T TRIOREEE & T 5 72 DIIIREEINC K D1 0OWE % E BRI T 2 A B Avd
VENDD EBEZBIND,

&Y AEFEORRERITITROR NI & VD Z & TR AIREEE OSBRI L TH %
B | KRG L U THARTRETH D Z L3 o Tz,
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[7-1] FlEs, MO, AT © 2011 4EUHEHO AR & A HE & RGO
e & OBMRIZEET 5 0HT, ERBIFERE % 843 =, 2015.3

[7-2] #EEN  BAERKG S ShERERE G, p. 114, 1956. 5
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