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Seismic retrofit of link-type expansion joint at Akashi-Kaikyo Bridge
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Re-evaluation of the Aerodynamic Stability of the Ohnaruto Bridge Using the Flutter Analysis
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The vertical stabilizer is installed in the center span of the Ohnaruto Bridge as aerodynamic stabilization components. Cracks occur in
parts of the attachment of the vertical stabilizer, so it is necessary to be repaired. For the purpose of reduction of the maintenance cost,
we reevaluated the acrodynamic stability of the Ohnaruto Bridge using the flutter analytic method of which validity was verified by the
aerodynamic stability analysis of the Akashi Kaikyo Bridge, and the possibility of partial removal of the vertical stabilizer was
examined from a viewpoint of aerodynamic stability. As a result, it was found that required aerodynamic stability is ensured only by
installing about 30% length in the central part of the present vertical stabilizer of the center span.

1. [XC®IZ

KISFIRGIL, 1985476 H (2 BRAR L 7= Ml - 28
NORBELEIMDIER2 e AR~ T A BIETH D
(B—1) . ZEEHSIE, DAETH A OMERE T
BV AEOMRGREH D HAEE (L 10mE
(2B D105 A RGE) | 3IAPUEAE RGO Tl b iE o
0mis& i o TCWND, FDimd, FEkEEOHRECH -
ST, MRZEVEOMe RS EE /R RRE CThH - 72,
FRIZ, BERMBOMEL EME 2425 LTk b EE
TRIRENERS T DT 7 7 v 2 —I126 LCE, Wi
TERSOE BRI, ARG, M H L —/LORLE 7 & %
GO T, < O RITTITRIFHRIFRRERIC L 0 s
RENTZ, ZORER, FBIRE TH L7 T v X —ITxd
B IMHRZ ENE 2 el B 72801, T RBERTERICERIE A &

AP —RRREINDL I LT,

EAZ T4 P =%, _ETICHMED S 2 8E 2l E
L. ZOMZHER TR ETHE L 2o THY, RN
T A _BRERIC, ZOFERERIR & U CORSRE b TRk
BEINTWS (B-2) . ZOHREARAZET A HF—DHL
FHBO—EBTINT, RIS Ch D2, SZAT X
LEEDFERINTEY . SBAHEFEOREP NI L 7
ST 5,

AT, ShEAZ BT A P—DE IR EEOT4
BOMFFER 2 X N OfiE BiE LT, RIBPEOMmT
JRZZEVEIZ B D FEAREME 2 B O JRRRR RS F> 5 3%
HyHL bl SRy 7y A CLF, 77
v BT £, ) IZXY, SREAZET A P—D
RS ZE D FTREMEIC W T, THEZZEMEDBLAS DD
R LT A i+ 5,

X m K W



2. BEREER0BE

2.1 ZHRTERAERGER

RISFIRE T3 2 B O — RS mUREERRSE %
HEITAHZ LI2LD, 7T v X —IZB8T AR 2
LTz, BEEO Z Rt RGARERGE R 2B’ =3I~ T, 72
B, EHZO2000004H 06, FEEAMIERR & g 5g ]
O—EBOMIMM TN HE EFEE ROE] ARSI T
BY ., ZOBIE S BRRERER L Y ORT,
RIGENL, B —Ms 4R e eacCRIT (BR

WD) & SRR AR 0D i 2 JE0E U 72 6 BT T RETE R
REIECTH Y, SHEAX ETA VP —L TROE] OFE
IZEVIEEO~@& LTV 5,

4 HREERSERGCRITINIC VT, TROIE ] 2SR
STV —2 %, WiEO GREA X B 7 A F—72
L) Tl & EFRIOEA+3deg h3 5 b M EZE E DS
T RA ST omis % FEl > CUNd, ZAUSKI LT, Wr
Mm@ FhEA X BT AP —%E) TiE, FRAA+3deg
DIFEZEEAKIBICSE S, BE40msTH 7 7
A= IFAEL TR, ZOZENDL, EFETITTT v
H =D R & B 2 DA PRI ShE A &

1629 (Bfrm)
T - R — 876 230 BB
5
1A 2P ap | |
| 34.0 ]
BERIESIY—BE ’ )
H—1 XIEFHE—HZR
Fig1 General view of the Ohnaruto Bridge
. [+EmErsznzyE| SEXFESAH—
I\ I 300
NS — B
120 \W\ §
100 |
| — N =\ — !
H L
= N 7
60 | —e— WEM(S=x U=x) o = TR TN AFUL AR
—o— KFE@(S=0,U=x) \! e (B4 mm)
40 | —a— WEE(S=x U=0) K—2 $AERZESAH—
— & E@(S=0,U=0)
20 | = - BERE — Fig2 Vertical stabilizer
0 ‘
-4 -3 -2 - 0 1 2 3 4
y .
11 (de) WE | REASESAT—(S) | TBOEI (L)
W E D X x
. [6=mErr=mAyE | EFED o) x
HEQ X [e]
BE® 0 [
140 G\ BB, x Bl
120
100 N o———o
T Q§§§7.__.__.__ 4 B
& \ SERURERE
E o HRE@DHI)
40 +&ﬁﬁ®(s-\<:u-x§§7
—a— WIEQI(S=%,U=0)
20 — —a— K@@ (S=0,U=0)
— - BHEERE
‘4 % 2 9 0 1 2 3 4 O BB
SERLRMAE
i (deg) (HFE@DAF)
K—3 ZXRTEFGEREER

Fig3 Results of wind tunnel test

Vol.36 No.117 2011.9

H—4 RERRBRSREE
Fig4  Sections of 2-dimensinal model



EIAYP—FRETDH L Lo,

B ICHET SN RO 23R8 LIz — AT,
FNEFE LR OGA iR ZE SN E TR 2 <
2o TS, E£7o, W@ EhiEAZ 74 F—7a L)

(X LT, Wa@ GREA X B 5 A P —5%E) CTIEiiHE
BEVENMEN W ESNDIRETH D, DI b,

MO OFREIL. EAE A X BT A F—IT X A HIHES)
BERTHEACH D E VD, BB, EETIL. 7T
o A —fEHTIZ X 0 FTE MR L E M) SR X H &N
IZIRE LT HROE] BRESITWS,

2.2 FEEBESFHE

77 v X —fRATICH W2 IEEF 22K GESMR)
&, BEFEO “RSTEGRERER G A U= MR X 5ok
fERBR RO ENTND, Z09H, KT T v
H—THkT DETEMITRE < BT DHMUZHOWT, H
ABIOWHDE N GHEAX BT A PF—BIO o
B OFM) |[CXAFMEEEI L, B, Myld, fa
CAVOIRENEEE & RN FER T 0 | A CAURE D=
(BT A IEEHELINFITH D, LIchR>T, My D
FFa R IEOSEEITADRET (7)) MEHL, 20

ER K EZWIE ETHRZEEDERNCELS 725 Z L5 E
L TW5,

B —51cMy & HERSTEGRUB) (UJRGE, fiRE%k. B:
Himg) DOREfRE /R, B—5(@) (TR 4BRE ERESERR
RWIH GhEAZ T P—B LW foE] 72L) 12
B 2 DFENC L DT, i0A+3deg DA
My DB RE HRMENRRLZEICRD T EE2FR LT
%
E—5®), (0) T 4 HHVE ERSER RN G4 +H3deg.
Odeg) \ZH1F DMy DOWHEHOE N L 5 i AR,
+3deg. T, SHEAX ETA P —2FETHZ LITK
DMy PMET L., MHEZEMRSRIEC N L3562 & 23k
LTW5, —J., lf0deg Tix, SHEAZ ET A YP—D
HEIZ L DMy DI TFIHENTH Y, TR EMEDN E
I NE Y,

728, B—5(d) ICoHHRE ERFTERCRITTE  (H+3deg.)
(2351 5 My DM OENT K 5 Hlg A 7373, 4y
TEREFERCRITH & [RIER72 R 2 7R L T2 D005,

LLEDZ Lt IEEFZELRIMRED HHEE S A i
RN, 13SCR RN SR & L<EAE LD &

W2 D,
0.14
eERED (S=x . U=x) A
012 1) oMiE@(S=0. U=x) /
010 | AMIE®(S=x,U=0)
’ AMTE@ (S=0. U=0)
e
e
—0.04
ECD 0.02 /A//W M
0.00 57;.4,—
-0.02
-0.04
-0.06
~0.08 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0 20 40 6.0 8.0 10.0 120 140 16.0
R T EE (U/fB)
(b) 4 EEHRE ERFSTRCRINTE
(I +3deg)
0.14
O HHED(S=X , U=x)
012 |— oMFE@(S=x . U=0)
010 | AMFEG(S=x,U=0)
' A EE@(S=0. U=0)
0.08 //A
0.06
A
Coos / /
0.00 o5
-0.02
-0.04
-0.06
0,08 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0.0 20 40 6.0 8.0 100 120 140 16.0
R STEGR (U/fB)

(d) 6 BEHREERSTRRINTE
(GHf +3deg)

B—5 FEEBRESNEH My
Fig5 Coefficient of unsteady aerodynamic force ;M

0.14
0.12 XM#H -1deg.
010 1 Aillf§ Odeg. ‘/.
0.08 o f4 +3deg. /v
0.06 /
=004
= 002 /
0.00 . * % MM
& ——a X
-0.02 ‘ﬁ\
-0.04
-0.06 N\
_008 L L L L L L L J
0.0 20 40 6.0 8.0 100 120 140 160
R FTRE (U/B)
(a) 4 BAREERSTRCRERT
BREMD(S=x , U=x)
0.14
OETED(S=x  U=x)
012 M oprE®@(S=0. U=x )
010 — AMEQ(S=x, U=0)
AMTE@ (S=0. U=0) N
0.08
0,06 / / ]
- 004 "
= 002 . /f/A/A
-0.02 A \
-0.04
-0.06 \e
_008 L L L L L L L J
0.0 20 40 6.0 80 100 120 140 160
|RITRIE (U/FB)
(c) 4 BEfREERFSTRCRERT
(5 Odeg)
4

X m K W



3. 75y A —fEIC & ST EMEETHE

31 @BWFE

RISFEHAHTOM R EtEE 7 7 2 —fTz L0
PRl L7z, 728, ARFICHW-7 7 v ¥ —fir Tk
VX, BRI A OO AR R ARSI R
1/100) & DOHEIZ L0 . Z OGRS Ll BT
ThdZ EPMRESN-HETHD Y,

77 v Z—fTE. RIGPIGO SRR BT LV
(CIEEFZER 1 L GERNTRRR A Y | EHREE
EfT 21T Z LI L - T, 7T v ¥ —FilhaRTHE
RO, NI, S0k E TOREFIRIT— FZ2
7oE— MRl & U, MR 3 2 e w225 R 5 3BE
TEDJRIRFERIZ L 0 HIE L7 b D&z,

T, BUC KDALY . REER oo STt
AL D Frs 5O OB T DA HIRDOIETE 22
SO ET S, D=, BFHTC L0 . Bl
(T U= TRRAE (Sfmmiihds 2 OVl T 003814 43:4r)
BRO, TNOEEBBB LT T v X —fTEITO L &
L7z,

LIS, ARV T T v 2 — i RO %
R

7T B — KT AT O ORI RN, Q) TR
s,

[M]{ii} + [Cl{a} + [K]{u} = [F]
[F] = [Al{#} + [B]{u} @
ZZT.

[M],[C],[K] : B, o, Mt~ Y27 2

(i, {u}, {u} : DEREE, BEEE, AT R L

[F] : FEEH22T)

[A],[B] : FEEHZEKINREE~ Y 7 A

HHAERT 2 IEE R LRI ThHIEETFEH L) |
EhE—A b M) BIOIFEEFEHS D) 1% Q)
~@TEIND, Z I T, ShiEREE X OEERRE)
(2 & B IEE T ALK E D RRRABRIC L 0 ERER
B, AKHREENC K 5 IEEF 2R R BT EE B &
DEH U7z, 7ed, EEE Er—70 N —OIEE
WZERIWRE L MEEHERRIC L W EH LT,

L ={2pB (Lopwz + Lyw?) +3 pB3(Lopw®6 +
Loiw8) — pBC,UY} L %)

M= {%pB3(MZRa)Zz + My w7) + 2 pB*(Mgre®6 +
Mg,w) — pB2Cy Uy} L 3)

D = {2 pHB(Daw?z + Dyywz) + 2 pHB?(Dgrew®6 +

Vol.36 No.117 2011.9

Do) — pHC,UY} I @

ZZ T,
z 0,y  HTDSRET= D, AT, KFETZbA
p, U TR, JRGH
B, H, I AT, M, R
G, Cu, Cp: EIRE, Z=EIE— A2 MRS Bih
¥k
® - FYREEL

LZ?) LZ) L9R7 L@b MZ?) Mﬂ) MBR’ MBI’ Dﬂ?) Dﬂ’ D@R’
Dy EEHERIMRATIRAFDZ O3iRE 717
AFRLU. R T IEEE. R~

ADDA L DIEFE W22 RS NTEE & AL B4 %

ZEmD, INEEDICEHL TEHT S LG L
2.
M*{ii} + C*{u} + K {u} = {0} ®)
ZZT

M*=[M]. C*=[Cl—[4]. K*=[K]—[B]

KOWA LT, Bz EAREE— NEOERED
HTRITE D — MBRHEZ BT 2,

BRLAZ B Au@)} RN E— R~ R U 7 2 X &%
JERE Oy 2 TR T O & 720 . KOG
AT DL AfRLRD,

{u®} = XKoo ()} ©)
Mm@} + C{e)} +K{e)}=0 @)
T,
M = [X]"M*[X]
¢ = [X]Tc*[X]
K = [X]I"K*[X]

AL PO L TR & 5 (Tl & (e S
e
{o(O)} = {9}

KD, ONE. 77 v X —FAESMNRKRD L HIE
LD,

L. A=A+ i ®)

|A2M+2C+K|=0 ©)

AO)TEFREAEREE 720 . 15D EHREAE
Wkt id) EEFREA~NZ FAD G EA R, BEx
TERRD UG TR SN D,

w=EZ+ 1 (10)
h =&

23422 (11)

BEREERD0, TbbEREAMEOFTERE=08 72
BREGENR T T v 2 —RBRHTH Y . FOREOEIMT



&0 77y 2B OIRBED RO N D, 7k, X
O, EXCIRES, (=B, U) OBTH 5720,
7 F w4 —FBUREZ KO L5720 E, FHRE o & R
HUZARGE L TR R 21T 5 WED B D,

32 MBIWETIL

fRATET UL, B—6I R 2B ATET L &
L. 7SRVEZERE A X B 57 4 —=0 TDiE] OFE
[ZEDZER OB EBZRES DI, By A— (il
Hiekgm) €T ML,

KN T7 T X —RBIKHTHDL EEZBND
HiFSRIFR 1 AR & 22 CAUxtFR 1 REREN OO A BTG
R, BEHFEOFGRBERIERY &l L ORT,
Ziuckp . AU L TIEENC W TR, EATE
SN S L RAB IR G R D108 & g < e > T D
728, 7T v XTI K DR EVETHE TIE, 20
WREREETDLZ L L L (REEGEOER LIk &
JE) .

R — 22 FERBIRENERR I L 0 15 5 7 M7 O % 58
FRERT, ZIUCED &, HRMTOXERERIZ, AR
PUMHEELHED DORBEEETH 50030, FHIFT& % 2 &
b, 77 v X —fRITClE, 2 TOHREE— Mk LT
003 %wHTHZ L& LT,

T
A ,ﬂ&ﬂﬂ&@l‘@z@ 94 x5

ffr‘,i’fw —m
s

%

3.3 fRMTHER

FRNTIE, BURIZIW T HRZBII X ENZERE L T D
B A X T A P —% HRHTOMEZ EME KIFET 5
SR NS N & B 2 B DRHOE T &6 A2
FRFRNELA L LTS R LT T v 2 —fiflir &
To7z, 2 ZCIE, MHEZEENED SRR ~ 4 BfRET
TEIRFTERGR T O A +3deg DFEFAIZ DUV TRT
B—T7ic, 4 BHREERFERCRITEIZ 1 2 E8hiE A &
v A P —OREFH E 7T v X —REREOBRE R
T, B8z, Fler—RADEGE & HEREOBMRE T,
78, B—TZITA UM R GRS (2 2 s s
®76m) OTA L HRTN, T T, A UIAURFRIK
REUC R 5 BT VRS A58 LT IR RGE O IEfE
(946ms) 2LV, MEZEMEEAZFHMET 22 & & L,
ZOFER, FRBR AR OSE A # ©F A P—Z 85y
FICHE LT, RZEEMED KIEZ2K R I3 Sz
VY, Z LT, PR IEICShE AR X BT A P& B
HRDI0%FRE DX ENFRIET D DK TT T v Z—ITkF L
CHTEOMMEZ EMED R SND Z L PR TE T,
WIZ, SREA X B 57 A P —% XL L2 5GAIco
W, 7T v X —RAERIC, IEEF R SINEERIC]
JEAAORNIHIZ 2o F B OAG T A 04 2 i L7
Vo B-NTHRER AR T, BIEEE RSO D B,
28— A Y NIRT T B —FEBUEIANZ 72> T D

H—6 73 vA—@EiETIL

Fig6 Model for flutter analysis

x—1 BEAREPHN (EREFRITER & BIRSEGRER
Table1 Natural frequency

BHE—F | OEAERN | oxERBER* | O @
BRIF 5%t #5128 0.157 Hz 0.165 Hz 0.95
RCNRFR1R 0.353 Hz 0.328 Hz 1.08

X REEREICSSBFIREI N OROT-HIRRE

K—2 WHHER (EERIPREBRER)
Table2 Logarithmic decrement

FEE—F %jch:Jz?EmE D
i XHFR1R 70 0.112
2R 9.8 0.080
S FR R 5.7 0.109
falh ®FR1 R 17.6 0.033
HFFR R 10.4 0.057

X W £



DBOD, Fio, ZOREITISAANG, PREER
REMNZSREA S ©T A P —2EET L L1, 7T v X
—OAFRIR E LTHRNTH S 2 B0,

4 FED

KIBFHAE AT O PRI R & STV D EREL A
2T A P—DOREFFEF o 2 OMaRiZ BRI E LT, &

FBREOI RIZIZ o T2 7 T X —fATrREA VT,

EREA K © T A =D E D RIREMEIZ DUV TR
ALz, EORER, LTDZ L ZH BN LT,

O HREFEFREIZ, SREA X BT A P —ZBURD
30%FRE D XFINZFRE T H DA TT T v X —ITk L
CHTE O R EMED R S5,

@ FEEEERIPHN T FE RO W D53
D, FRRMFIEICSRE A X BT A F—25R
BI2Z8F, 77 v —0OMiilxER s L TR

2B, RIBFHEOMHRIHTICERE S TWDEEA X B
TA W=t FHE ST A LRI OREERG IEM & L TR
RELINTND, ZD72, SREAZ BT A P—ITxtd
54 RO EL EMERFNIIN 2., #0072 LBl
& « WECET LB EERAMICHBIL, =2 M
P& 2 Bl e HEFPE EL T $ 2 RET D FETH D,

SE30
DI | I =N V= RN -5 LR IR R &b D N [ O

S —HREEIC BT DT, APUHER, Voll8, No7l, pp3s-
41, 19947

M, MEBIE,
. AREEER, Vol9,

2 R - RIBPIEIRE) TR O
No36, pp30-37, 1985.12

APNDY EheEEAE A - IEERETHHE1976) - R, p23
EHARE LE ¥, BRES 7T X —REE— R
AT B LT RREOMRZEENER 2B 2058,
TAFETRCEE, No525, 133, pp.191-200, 1995.10

3)
4

HIThHsDENZD,
140 T . 3
[_'35&1/353“‘— T hR1/2RERE LRSS
120 7¢9&1/4IZF§],=&§\ o ®
4 BEREDRBMEE
= N 12k BHHIETE (94.6m/s)
<100 7
% s T ___ ...
E 80 * BN
oA BARE(87.6
R ™ o mmE m/e)
« MERFES A —HE
R 4 (g1 /3ZRMRBEDH)
N I i
il -
20 1 TR 3P rfﬁﬂ)ﬁﬁ&"ﬁ .
0 L L L L ]
0 20 40 60 80 100
REESAY—HEBEEHE (%)

KPRFHPREPOICEARHRE (REXMR/ PREHBR)

B—7 75 y5—MifER GAERY £S5 F—ORBREOLE)
Fig.7 Results of flutter analysis

0.06 —o- P REXMHEE (TRK)
—0— thR1/2(ZMHE
—A-hR1/3XMERE
o —A— R/ ARREE
004 > SRR
002
1 \'\./J
=
g S
i 20 40 60 80 100 e 140
-0.02 \H

-0.04

BE(m/s)

—8 T35 vA—ETRE (RESFEEORFR)
Fig8 Results of flutter analysis (Relation between wind velocity
and aerodynamic decrement)

Vol.36 No.117 2011.9

o FEFEBN
A ZBAE—AVE
x FEERAND

o &it

3P 4p

H—9 FEBESNLMILGITHEEDSH
Fig9 Distribution of the work load by unsteady aerodynamic force



BARMBIRKAE ) > S afE B EmR

Seismic Retrofit of Link-type Expansion Joint at Akashi-Kaikyo Bridge
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As aresult of a seismic performance verification of the Akashi-Kaikyo Bridge against site-specific large-scale earthquakes, it was found
that soundness of main structural elements, such as the tower, main cable and girder was secured. Besides, target seismic performance was
ensured by taking some minor countermeasures, even though some damages of sub-structural elements, such as the stopper at girder end,
steel deck bearing, expansion joint, were generated. Presented in this paper is an outline of a seismic upgrading study and execution of the

link-type expansion joint in order to ensure the safety of a vehicle during earthquakes and the serviceability after events.
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Survey of existing conditions of steel caisson electric protection of Kurushima Kaikyo Bridge
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The Kurushima Kaikyo Bridge have six undersea foundations. The steel caissons is adopted for three foundations, 3P, 4A and
SP. For the purpose of long-term basic stability of these foundations, the electric protection system was installed to these caissons,
and 17 years have passed since the caissons were set up. It was confirmed that the steel caissons were good condition because the
protection potential was secured, by measuring electric potential from the top of foundation. But, the visual inspection has not
been executed for the past 17 years.

This paper reports the visual inspection of the anode by diving, the state confirmation of the caisson wall, confirmation of anti-

corrosion effect by test pieces, survey of the quantity of anodic consumption and of the outbreak electric current and comfirmation

of the possibility of long-term anti-corrosion in using of painting together with the electric protection.
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Table 3 Anode arrangement and survey positions of Kurushima Kaikyo Bridge 3P,4A and SP
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Study of evaluation method of paint film deterioration
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