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Optimum Maintenance Strategies for Highway Bridges
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The new Bridge Management System (BMS) based on reliability concept is introduced. Reliability states, which is based on reli-
ability concept, are defined instead of traditional condition states, which is based on visible condition. For ideal bridge (s), the reli-
ability index reaches its target value at the end of its life cycle without maintenance. However, in reality, preventive and essential
maintenance are needed to keep reliability index above target level through its life cycle. This BMS performs simulation using distri-
butions of several parameters that define the reliability profile. From the result, optimum maintenance strategy can be selected. Fur-
thermore, maintenance costs and benefits for different maintenance strategies are compared.

As a conclusion, the new BMS minimizing the life cycle cost is found to be efficient to select the maintenance strategies.
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Fig.2 Effects of essential and preventive maintenance interven-
tions on whole-life bridge reliability.
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Fig.5 Time Variation of Reliability Index with and without Pre-
ventive Maintenance
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Fig.14 Annual and Cumulative Unit Benefit Costs of Using Pre-
ventive Maintenance on Steel/Concrete Composite Bridges
Including the Cost of Preventive Maintenance.
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Tab.2 Distribution of wires and strands with breakage

EoRK | EUEEE | FREER | ToRhvdo
AL SR 1 1 - -
% 7R 6 6 - -
%6 B 12 7 5 -
%58 18 8 10 -
% 4B 24 3 21 5
£ 3B 30 - 30 16
%28 36 - 36 31
& 5 RE 42 - 38 7

TNZERBET AH LT —T N0, BRNED OL LS X
IRt e E R ZDD, F—TNEEFRRKEL
T AHLEND LD, URMORIZHRTEDO T X MIHIWRK
TELIEPHLPTH o,

1996 E 6 AL 2B 7 9 VO BELEZNIE TN
7B R oPVEHMEIZ ATV —FERNTOH L ir—
TVOREET. TYHVA VAT L—EDOAOr —7
X, BEODOOmMWIZ 12T 2 5FH L FILTLT
bhiz. BEEBYINLDOY Fid, BES M
HOB XA TEER LD ICHou—F— FIZBREBEIRTY
%o LY FVOMEBEIHLSEF TR TN

DI LT =T @ FvEEoT AL A Y

0y FAOBEZEOHMTHNERKEFMON %% T 5%, €
DHOREZETIEHET Y FIZEFEbRATZVWESICL
720

BAEDOTr — TN o8 L b OO EORRIIEE
RETLIEETH D, Fr— 7»@I$uAfﬁﬁ®%
WL FERICITbNI. Z0#H. 7y XXMy — T v
LR TS, HEOHMIMIES Tr— 7»@Eﬁ
BHEML, r—7 VM5, HER 176 m) 2595
BEOFS (304m) LD Tollnid, Yz
BIEHICEE T, Bi3hREROFRICHIS, &
TN SET H7-DIT, Bk ¢\¢%&ﬁ®ﬁ
AR S -2 B8B83 50— 5 — EICH FLas
BB INhz,

¥ oA —ENEOREBOLE. Y PV OSHEE D
S547TcmBANEE SN, FhoiF, #EEBI T2
22— bTRE®OHALIEIZE ST, BERBICEESN
R R, Exmi~DLBEEE57:012, X
MERNTTr—INVE2 Yy o3 TEITFLZLIZE->THD
nrz.
THIZFEFICHFICETLTYS, LWy —7 Vi
REEATHY, WEOBEKIL 1998 EFICIH T - 72
COBOREWIIM O R RE|BIRIESND Z LI D,
ZOBOEITIZ. TOMT ol 1 BHO 2 BRIZH
BRENTHERINTEYD., BITIEDICR>7201E, 1EE
Ty M=t LTHHT28%E % FEHEBICHRET
HITHEZTo T AMOEBERIZTTH o720

13



2.4 RXT7—=3Y T UoBOr—TIVRE (BHE—-
4, 5)

1990 SERRDOMIICHEFZ SN2 ToORED 1 K&
ELT, @FR—Z b ERflio o FESHWS R, BH
BB EL CTHIFR—X P CTREL-ETIE. $iFRA
VAR FERLZEVBOR—AMTLEEY SNHEE B
Ty ) BIFRREBICE-RTwE, r—7 VBHEE
I, Fr—7NVOEMR30cm Bz ) gE+H A v %
2.8y PVIRINTAZENEETNTVWE, ZL T,
RBBEREDF 4 MIZDOWTIE, $FPR— A + & oMM
TVHhOFMELTE, Iy FAFY VBT k%
WK RS BRUHORERBELZSE 7/ Y- 1Kk T L
W R D DERIR OB RFIAGEIEIN 2, NT—
XY YT URBIIBVTIE, 2EEOT A VR TRE
HEHFHIE S iz Z ORISR, BRI IRAEITN TV 5,

A O ATHE SR X v F I N LT 5 L X,
HEHIE A v FINTL S N2EM 2 S BB OFM ~ & BH)
L. EENICEH A vy 3288 IBHEI S, ZOME
EhLEpTE. FOFT/AELERD, WETA v -2
FEEEAESE, WHEEENRKERICTNOBEAL %2
5o TNHLOHHIZE DT, X—R MBS
22 S BLENDD o720 EHHER—A 1S o

BE—4 N7—-3IY9 748

Photo.4 Bear Mountain Brige

BE—5 RX7—v7 7 B0Or—JIVEABRE
Photo.5 Open investigation of cable on Bear Mountain Bridge

14

TWBHOBEICHIT AU EEE ) 22l B
WPED ERET) % b e R okt B B & ol iy
DB, BRTHELIATHole HF X7 =3I V7
DT — T MBRIERRONR—A NI 7)) a—- L Z
YTy 2 A2CTHDI, TORKWE, FERRIM%E
M & LT 45% OBALIEHh L 45% DFEEFY A M L Z AL
HELbDTH B, BEUEAIISHT 5 DIZRILOE
BEVEMRSRASEEAE L. B bESHIEN B 2R 2. H
FRAHREHD 72, BEF AV EHAENLI W & 2
BLiEHESN TS,

2.5 EMOUEERED T — T IR

A Y EEAAE AR T, BRICER L-REEr—7
VEFAE (1989 E~19924F) Lk Z A, ¥—7 3k
MOREIZEPFER EIN, ST EF LR ORAR
BEY, =7 VARRBEOLENLEL OFERITEL.
B R RGOSk B RAG 2 Mo & L. BEICHEA L
TWARBEOEr — 7 VNS EREHR S L HEOEA
BERDIZ,

ZOFHLWHEZ, EREBEXICETr —TVORE
HORER L EAREOR LFBEEE 25, EO7OBICM
HLTWABRETIZ X — TV FORE YR a—F 27
L. 9974 v —IIRKABRELBIT &L L L.
HAHEEAETIEI vy EY Z 94X LIZTAT vy EY
FEBELL, REBHERETEISFHROFLNTIAY
THEL, TREBETLILIZEY, KL2ADEFr—7
WV EEBRIKBICREEL T 5,

HRICX D r— TV BRET 5 HER. BRCARUAUE
DT VAV D —T VAT L =855, #CORM
BN TERINTBY ., HOTORATIZRV, 1H
L. AFBHREORRIZLIoTREBr — 70w #5
mm OFBOHIZER L, r—T Ve IEha
THRAZ, HRTHIHDTTHY, HinLBIBHET
XL0E)DHRT HLENH o120 2T, SHRER
IV TEREBRY AT L) OBERIE L EBMH 2 R
LC&7Z, CZORBRBBERERETIX. Er—7 0B

BEE—6 AABRAEORTERER

Photo.6 Dry air injection system on Akashi Kaikyo Bridge

A W O W

/,

\






HFa—F MO AITI %% 2T, 300mmAq 2L
L7 TR LR, F— T VA%
SUEHE 200m LT R B E Lz,

RRVATF AR — T VBRBEOERIZ, Fr—T VD
WRERD, MR, RRE. TuT7—0rKk. KU
WaBET ANV —OBFHHPEET, HAHEBAETIZ
BEHE, 1EETTIANY ORBZ ZIToTWh,

r—7 VR RO, EHMICT Y Yy T
A X 23T L CORBFAESLETH 505 FHHAAR
BT Z W o@EFOF I, RO CORRES
P, ERBD SO HBEEBTIT > TV A 845K 7 —
TVHNEORBRAEEZ ZR T H5LEFH 5. H—212H
ARG D r — 7 W NAEHE LI 2 77§ o

SBOMBEHE LT, ORI L TidRm
DEBHTIEENT VD, DD, BEEDVATALD
T RSB ATV, FOMREEZHERT L2010
r—T IWVNERO BB OBBRAEZ AT o TV LEYD
5 EHE L7

3. N\>H—-O—-TEE

3.1 74 —RAEREONH-O—THE®

Tk — AL 1964 FEICHBLze A2V T
VRO UNSHE 10 A VITHET B 7+ — 2
OFO T S/, WG 2 BEROERETH 5.
ZFOHRERMIZ 1,006 m. HIFERMIE 408 m TH 5,

WEH192 DR 18 m THRE S iz v =M ik,
FyXOWMEERETr—TMEZ TS, FREFRDN
UH-a -k, BEOF =T VNV FO RE#o T,
VA MO N T AICBSN 2 RO A v - HAR
U—7rbik5b,

1995 D 9 HiZ, BOWHICH LEMONY A— (h
BREMN) 2R LTVwE 4R —7H, 1RO~
THEEVIN T LOPRR I N, BB SHAL
N5 F CEBITHIRAER S iz,

FORBEET B0, BOWHIZH HEEILON VA —
HFEA X, RBEIITPNBEZ LI kol BADRE
RIS, FRMZE#REZEL 2D, BORMTHUME
CHDH2HMONYH—2PHNT L IChoTze TOMEE
131996 sED 6 BIZET L7z,

AN T =IOV TOFERBROBER. S Ao —
TOFHEZ, ERED 5% ThHolze TOND1
KOO —F1343% &R L7z $72. u—THDERII,
VA y MOEWEICSH S Z LN R ol TBD
Vhry bEEJIZRBINIT—TITBWTHEENLD
NTVBEWIBEEEF, HHELLH1LTmDEIAH
LB EN/-u—TO¥ v VAR LR E 2T
LDTHotze TOH YT NIT, TOEMELSL L
TOLWERELRLIZOTH S,

PIEREAER DREIT DRI L, JEAIC X - TIRES Lz
EBEFICERLTYT, V7 y FOFBIERFLTY

16

770 U—T7%ET-E, Chz8ET 2B THEAZSR
M. VY POEL TIRIZADA L TW
TWZ EWGHoTze HEERMEWY v b EES 7ZERIC
Bk U7 B0 BT, P D LT REME SR Vo

KEICL o THEEINI -0 — T DYV IOV,

B E o CHEERERDOTLEV) FTEYA D
L—3aryEfFun, CRICEWT, 51 DONYHT—256
BRI N IV OWTHREMT bz, TORR
T, VA 7y PREEScm OF» 5 15 cm BN 23T £
TOHPEAT, X bF ¥ FOFNUSFHBPPERL TV 5048
FRENI,

S CTHBEIRIATWA DR, SBROBER 2. EX
GEASBEMOFLEDOZ L THY, —TOIEITHER
7z, ERu—7oRFIIBVTE. BREIBREN
Lotz .

FWICL DREREL OBEN TR I 5720, &
OEFOIMICH 2NV =B s h, AEE TS
7D FA Y OMERICE N2 TONYHT—ITBWw
Tit, 3EHTA LI ¥ FOSMIDOEWBEABHEL TV 5
OB S PITE o720 2 BEATb B BRIIABROR RIT.
E 3 THEMEFTTOLDLELSGLTWT, FHT21%
DEWENEDLN TV EDIRENT, BELEI LT, 7
MZeREOLDIC -T2 5 LIz L &1, RICHED
FUOCHBSHEE L TV 0OPRRINIHS. OB
FEBFETRERIN 2P o7,

Z 2 TOMmIE. SMIOSBOBRIL, u—T DR
BWESTE DS L OBWIPHFEL TSI & 2RI
L0 bDTHolz,

oOEKRBBEHE L OBRZHRIZB VT, TRER
DNV I — ORI LTV BHa, N =&l
1B 2 5 DHF— RN TH 5 L) HTH - 72

3.2 3T b oBONH—O—-73H
Ta—YIy b BTN, BEZHICHEBINZ
WETHD, bl 6 EHHRIS L LED LIEER
1931 4 10 BB U720 1946 I SR IC 2 BigiAs
EIME ., 1962 FEIC T HEE BN E N (B—3),
TEHEEICL o ToEBMIPMR, TORRBEORIIZ
75 %—% v ML 720 1999 4EIZi 1% 6 & 80 A& LA
LroHEEH FEBEY, HRT-FERXBEEDOR WL
Lol

Va—IVI TV M UBICBITA 52 KONV —1—
TOKRESE (E—4), 1931 EDBORBEIURT o &
FHENTE, ZRODOER73mm U —7id, K
BROESF —TIVIGEL, EFr—70VO L#%#oTHE
FREITETVS, Hu—713, 19XKOHHL S %
BV U720 — 7RI 37T RO A BRERICE E 0
HDTHBIANIVF6ERDLLRE, TNHDNY
H—a—7%, 14.6m» 5 208.8mDEI T, 18.3m
TERXEF—TAPLRYTFHF-T, 2EBOT Y T %
EELTW5A,

x @B K #®



MAIN CABLES ; ; CABLE

| é é é? BAND
9 Y { | GATHERER-

\ AR SUSPENDER—
I I UPPER LEVEL ROADWAY ROPE

A
h— — T T\ EXISTING CAST
I I I I I I STEEL SEPARATOR
e

T
j
_ ! J
L] 1
i !
H |
; « GW BRIDGE
: LOWER LE\/; EL ROADWAY i
i T i
gu%l T H s s ———) @J;
_H ! EXISTING
i FLOORBEAM

H—3 Y3a—-I72> b RBOEER
Fig.3 Cross section of George Washington Bridge

BEDDIZIH L v H—u— 7o B
%, oY F—a—FIZonT M BRRAE R 1T
VLol RADEBMANYT—0—T%T %y
FTHT, BRBREDOLDRBVBL LIz, N F—1—
Tk, AERECTRBIN TV BHROBHEOBICD &
DWTERE N,

FABENRL 2RO H -0 —TOLETIIHRL L
b1 RKOWHEFEERE Do 2 MEEI N TFORD
3ARIALRLD BEAROFEBAIHEL Tz, 0D
OEFTZIFEALRRED 7S VIV LEE Yy FOTHR
ZF oz, Theny—ua—FI2HRELE 0RO
72D ZORBIZENERD 572 LOALALHIT:y—
TVO—FNADN Y H—a—FIZBVTIE, V7 v b
MiZ7cF 572 T3FR3A5 L, 2Rl SiBoBHEL Y
Lol Er—7NENnyH—u—7Fi2id, B
EAE R Do,

AR LO 72D ERFHFEONXT 7 L N—EFF
EEHAL. N —a—TFBEEH IR TV AIRET,
% OBRBEBFI M SNz HhER o728, Viry
MROU— T2 BRETLDIZEFFHNEEIHV SR,
TN —u—TS 2 ZORBMEI SN LB, F—
FHEEHI N, CORBERSRBEIN, EFFNR
FIXBAEMHPTH BNV H— 0 — T ORE% M3 2
DITEY T =5 %252 T ND, L BEICE 541
Bl . HLBREORMBOBHEAEZRTILNTE 5,

Fr—T VOB INTHLWEBS O HEAE
PITbIiee r—TNNY FIZIZ 12 KOBEB L7247 —
TIWVEBOPIMINC D o 720 7 —T NNV FOREIZELT
ONTEDELIZ @ o 7=PRR DR D 2 JGIZ 1385 58Bl%R
SNT2e T—=TNNY FRLIETNIMNEILD - 725
DHFRIIBRETH o720 TS DIMBMOKREBFIZIE

Vol.24 No.94 2000.8

M—4 NH—O-—TOERE

Fig4 Arrangement of hunger ropes

BERRZT SN ol 2y — 7 VOO,
ZOKHTOEF 2 HNT, FEFICRVWIRETH - 72,
KETIE,. RAPOHRESBORSICWZ5H5 % T,
/o LgkElTBE I, :
SHOEETT Y5 LT 2000EBE T TICIEETT S
TETHD, ZOHBIHFEORRT ZHIB L., BT
AEAOHMELHEL, N —u—TORGEHMNE
WETHZETHD, ZOWFRICL D HERELZ EBMNIC
DL, FOERELT, UTIEIF 2HEHEO R L
1O FOFEFBHTEL L FHL TS,

Ou— 7D HMm L RKBOVLEWL LHRT L L
Ou—7IlKBRENHERBTZ &
OPBBEIIG LU —F 52T 52 &

Ou— 7LD/ DITFHMBEFT oW, PBifthiki %
THZE

BlEOE A, u—7IRPEREBELETNER SR
WEWI ERTIE V. SHOHBERAECBTRL
1RDOU—7 Tk, ZOHRBEOBILTORTTH 2D
DFBEVBR SNz ZORERIFEINDIIOTH -
725, EBIIBEEI NI, B ou—Tided RWIRE
Tholze TORBHRIL. BEROMEMEZT O
L, WROEDFHERLTINDETHA ) LIHATY S,

4. HiARRIERIE

4.1 NON—FEOREEBVWEEEY

KETRED, BORWEELRAOZ BN 2 DICH
BMENTNTYN—1BIZ 1981 R ICBBEB Lz Tk, &
arrzy— o, BREpLERONZESF—T NV, £
LTI = — TN TR SR ERR RGO
FEROBE Ty FTHEINTVEETH L, ZOBED

17



X 1,410 m T HABBRREOTE I T2
REEOIDTHo72

EHr—TNOFBIIHE A v FBBEIN TS, TF—
ThOHHIKRE L. WERRTT v € 7T BHEIHT
R—A MEBHENT, =TV ROREBFFR—A
FER o 7258 7/ — VRN A 5 E% 5 RENH
Ehiz,

BEF Y FOLHIZ. YAF v 2 TA77 VM ET S
HCHSEDEBBF s iz, BRY OF v FHSLTOHEM
B2, Ty XOBTZOFIT, TRFI T ZXAFIVY3
HT®Y Shize FEikE. 7y FOSMNICIE, HETA
FHOWBRET2E LR SN, 7y XORMIE. &
MIZESENBVEWIEBAT, FTRYOTTHRIN,

Fre—7 Tk, UMWV IMER T 7 —ul T
HIRICBIB Y A7 A0 S, 2% ) OB 2D T
Wiio NUYNN—FEIE. ZOME L, BUoFE2 AT
HZOICIEFICHEL Tz, TRICRDEFEE LT, B
FOBIZ LR )P EELRL LI —T 4 ¥ TERIEIR
HENLP, i Tho, Fre—2 CHEICRIFLE
EHDY ., BAOHAY BRI LT, ST OR
BAEBETR L, BEIZREILLWI 2D, Rz AW
BiRZLT) L) Eimath Ihis,

NYNR—EORBYATFLZEEELT, 7 HLA
VAFL—% (H—5). Bill7 v % L TEEF PV
BRiBESNZReRitsrZ Ll Lize ZREERT D
202, BOEE2.2km iZblzo THE N, o
EEPOLT v ALVA VAT L —EDKRET TOKRLLE
KiZH 5 1308, REXEESIMF TN, EE
F v 735 BENTE BRI VEHEICHE S 2
BT, BFERVATLAEZRELCKER
EBICF oy 7 LEETES X)L,

COERY AT AL, BEREEHROPRI a2 -
WO NBRBEBOEICERITONLEAR T —
YarhobhoTwb, FHHRT—T g i3, Bk
Wk Z B\ ICHE L), F—2E2ERLZDTE40
O Arzaraty $EEFHEFITORTYS, b

Bearing
59800 5700

750,750
! e

GROUND

i
i
i
% )
-1000

6000} _ 25000 1~ 17250 - 17250
65500

GROUND
Pt

+3000

-5 NN—BOT7LHLLIBREY AT A
Fig.5 Dehumidifying system for anchorage of Humber Bridge

18

DHENRAT— a vid, Bk 2 EHEE AL TEWICE
mERTBY., ZOMBOWREICIE. IvEa—FIZD
BBENTTFTAZ by TORBEERH L, AT A,
BRiBHER OBE., BEZ L CGEERREICOVWTOTF—%
FNET S, BELRKGLANVBREBENSL LT AT A
BERELHT, T BROBRELZRELLZD, ¥E
OFMOREMELEELZD THFRIBEMENT VD,
B FEFICRWEG OOV N —FORET 120 )
B L TR SNIBMlLEETH D, ARMTHHL
PREBYVAT AR, FOXSEVHBELZERT S
FCTEELZREZELL TV, EXr—TNVD) bbb
EEFZTRLTVRTOBEBIVKRT Yy FNHOEEZ
BT 52810k o T ZOBOEKTLEL 2555k
DORFRE, HIC, BREaZ MR, BOHIICSLEE
B — T VORBEIREICHNS TR DAKIBICHIR S
NaETFRENTVWS, ZOBRBHEEOFREIA MIE
Wb 0T, #EEEa X IBOMEIcITb Tk
LOTHbD, EBRBELHAVAILOBRELHEZFLTE
EEoRE, IS, FyFAROBREIRDLEb DL
TOFPRIIBDTREVEFIITN TS,

5. TRHmEE

51 d—-IF2 45— MEOMEREITEE
T—NFrr— g (BE—8) RHFRMIIEHT,
REZBITLEEARTIZEDERBED 1 2IBZbhb,
FOBENZRF SHETRIBICUR SN ZOME,
B L CITbNCEMFERICL Y, SAWRRHMIE
2004ELEEENTWE, LA L. BFoRVKiLE
(RT7=Fa—FT70L) FREDE, T—-NVFVF—
MEIBET AT RED DS, ZOBOWBRLETHEG
moHBE., ERTFOMMER. HE HRE2MEL T,
BIFEHOTECEBIINT 5T V77— MEDOTEN

#METHZEICH S,
T—NFrr— MEERICER L -t 2E 8 IC RS L
T, BOBEWETFML 72 T—NVF 27— MEOHE

BE—8 J—ILFL4F—E
Photo.8 Golden Gate bridge

xF m B H



WHREEICERL TONMTEBE THEIIAES )Y, FH#EC
BHEL TV RTINS THEILEL 25, tiEkET
& BWHIREOZR T TR AR, BFENLER
B (T—VFrr— v EORRR, biy. BE o
i, XAZY TIZBWCTHEELZRESRELZ IO DL L
TOBOBRERE) dbEDI,

TREEHBICHL T, MreREELZ T— V77— MEIC
HTIED,
OfEIZHBY 7Y FLT7AMBTRAET B <=

Fa—F3IMUDEABEEMBRICWMZ SNB I &,
ORBHEEHOFEY ANIMHELI &,

OMmBEH UM, HIBM & CHE§OR ANHWHEIC

BT L,

Ol 7y AUHNEE2BHT L &,

IO, WBTHEERISEL-012F. B THEP
KREOWNEMEREL, T—VF U7 — MEDOER - I
W RN 2T 5 2 EBRRTRTH 720 EORE
PHEEY L LCOMELERET 27200 EH L IER L
770

BRBBOM RS LTI+ 2 5iing 2 et
UHNCIEFEE L ko, BFOME T M,
REALHE, BEBRICE OV CREFIEERIER L 2. T
BEEEICERTALDOICREOREOBRENHRTE S
Da TT—=NF v — MEDOMEYERE % M 5720
IR ED L) HEMEHWLERE D 7 EORE% 234
L7zo REHEHRICL D, TEBHTCT—-NF 27— ME
DEMOEH # WHRBRP T FY v 7/ TihE L Eh L
BT 5 2 EASTE, EHICHETIE, HERES
HEEPTIERL, RBEHIFFICBETEL LS %
BRETELEERELRET L L2ERICARL,

HEET Y2 — 5 TOEFVERZITV. BIEHIC
MWRHESEE, ML HEZTLEEGD, T—VF
Y= MEDRRA REEYMOBENIZOWTE SIZFEL L
HEL. EHHEOFEIREL 2. T—VF 2 F— b
BOBED* LV FRKICT AL THENENX. DK
SEDLIELIZED, B ANV -OEEBLR/NERICT

LHERRE L. BRI, EXZDCWZSNhE X9,

BiEY 2 b T 2 LEIFD o 72, Bha 2B THEED
EFMEE N, REORBRIMES e, IV Ea—
FMICE Y, 200K BETT—IVT V7 — MEDTERE
EEOLNDLZ EHHB L, 1083, BEHBOIW
HROMBIREIC L DFIRI SN ZHM U R 2 &R T
B7:0I2, MOWMMEHETHI L, 22HEZALD
TERIC X VB S HEEIKRT 5 72010580
EWEMILT AL THD, MLICkoTHZ SN2 &
T B L FECBRAFDDPY . FHRHEL, T—
VT vy — MEDERK—EHRZHL ) ZLibdr oz,
WEACHAAEICTLED S, EHLIICHL X
IRERETHI LT, DELBMEOEAVRYBIE
OREE KIFICHIR TE 2o 51T, HMAIZFEH LT
MICBS 2 KRR WHHABRE T, REShTWEY

Vol.24 No.94 2000.8

BIHERFEOWO0OMREZ AL 2
WEPRAEL725A. W5 A LEOBIKFIZE
T 725 28— 2 & ) e AT I 8ZE T %
DEBIETED T EFEHICL VP L, 28>
N E L RIS B RER L. BEHSS
B2y 5o BREHENRFIC, BROWMBYUBTH TR
RS V=2 WL A RV L5
Polze FUN—DOWEEHRAT S0, HEl%ZE-T
EEBITbNz, E 61T, PREM O EIHAKEH % 5E(b
LTIt OBEE % Bk 3 5

BEIZHWT, av¥a—8EFY v 7 L YBRER)S
TN 7=fR, BERICER O L CIRET 2 2 & 2%
ML7e RICEOHMIMEMHTL7-L 25, HEOWE LI
PEEEZRE LTV EFES PR oz, FORE,
W2 LS 5 -0l OBREFRIHBENL, 0
BB LHIL, EPEEH»SEY ERLIE2HTION
o TWBH, BRABELAVWIIMbIhs, ¥iX
A5y 7)— FEOBR WM 5,
CZORFOMBERIB TR HEEZERTIUL, EAME
TEOBGLRICERE SN T — V77— MEDS, B
LB EbLD LIl b, WERB TS
L7227 r— b gid, BRI ERLEL, &
HEITOETORBTHELZECEIPHEHWLZ LI
%%

6. HREE

6.1 Z—HAUN—BOHIETEY

BWVETIV, YAKRTHRHENS T —HZ)NNZEH» 5
Mg, 4 ROEE X2 2 EEAEE LT, 1966 4125
dL7,

ZLTC SEOME 2 AL BE 2 ROHRIC L AHHE
WS 57D DBOYREFTbi, 1999 41 THIZ
SERL7z. (H—6)

BE. HASE A Lkt % B E IS LT,
TOBRIIHHBEN, H LWy — T UMz Shi,

T —AAYN—FGOHFREMIX 1,013 m. WmMERIX
483 m, EHI Ny 7 X7 -1 EHOKE X1 99 m. AL/ >
JAT -2F%MIZ100m TH D, BOEERXT7T AL A
VHBE#ET2,218m TH S, Ml NS Ri1Z, BXEB
XUNy 727 -3 FMEBLTHEREL TS, B
T—Dr— YEBEHIIKESmIZEL, BEELT
W RREORB T 2FEL TV 5,

F—IANN—IFIX, BT —TNEROBETHY .
TRBRICEREPET v ¥ 2 MR LARIOBRTLH 5,

RETBHTEZ ON 1 DOEE R EEEE L, FE
B TORKARLTH Y. BKEFNIBVTHARE
HIZIDZ Z LB ETH o7z, ZLT. S TIRFIE
BEOERIZL > TELB-bAICERT 2 ESE L
HXNnhi,

THEZLOTHLVAROT Tiibh, RFFHC

19



CL of main suspended span

Diagonal reinforcement

Upper chord reinforcement7

A

e

Main Tower

Z(::\ble Bent

CL.CABLE SYMMETRICAL

| ABOUT CL.BRIDGE

CL.CABLES

11.75m

I
11.75m |
|
]

5 LANES OF TRAFFIC

1
|
|
i 3 LANES OF TRAFFIC
|
412 8.00m H 8.152m .2191m
}
|

i
|
]
|
|

]
EXISTING NEW | )/
1[{ SECONDARY
! CABLE \ CABLE |
WIDENED ROADWAY
i ik )] 1\
- ' | i f i

10.66m

NEW
DIAGONAL

NEW TRACK

NEW
STRINGERS

FLOORBEAM

21.00m CL. TO CL. STIFFENING. TRUSS

EXISTING NEW

-6 &—HXUN—EOHBEHE
Fig.6 Concept of strengthening on Tagus River Bridge

BTk, HLOFARY Y g Y VAT AVERINT
WhHR., FIEMOREE XFIREFOT AR Y a vy
AFATHDIS X)L TWiz, ZOMKER. BINOM
BERZITTHE SR CHhRY)OEEPELELT, O
BEHICH- Tk, BEEFAOZbARIIHITY ARV
ROBIZbIE-XYVRZHXHICRY, HEES5 R
W OrDMITEHHIZINEE -EICKE CHLET, B
BEMOERICL > TTHICK Y Bo T B EHFEZIL
Tio ZOMNIBICHERR T TH2N, 20K L, E
ThHBEROF —F— i3, MOFHL FRIAFEOZDA
BEMNICBIEZToTWwB I E, FPTAKENZ4m
Db AIEEHREIFTIT B LTWAEZHHAL 72

BN 2 BEREABE LD E, HogmIgHE I
A, CORBD—HLOXDL ) IZEbR, EMOX
WRIZHED S THMERT. KV P TVOBIRRIE,
¥ —HAYN— 2R AR EROMMS ZHETES
FLWIBZZTS &0 ) BIP 2 T TITRE L Twa,

7. BHYIC
SBRTOEEREZEBREHLEZ VbW T TV
2RIDTHY. BREBKILRNERY BEN 0N
FIRIWTH o720 BREHET A I ThHozl b
L TWAERDWR, TAY A NIMEHICLERICT Ly

20

VT THHILERDOTRLSSNLRETH %,

BBIZE D T SROKHEIIB T, AHUEE
HIEARD S 2K E BRICE 3 BIEBRMERHEEZ BA
THHT 2 EZRELALLIA, W —HOBRR»E
b, 2002 4E 5 FICHMET B HARE SN

BEXH

1) Jay A. Patel, Others: RECONSTRUCTING
THE WILLIAMSBURG BRIDGE, 2* Interna-
tional Suspension Bridge Operator's Conference,
April 2000

2) Peter Sluszka, Others: THE BROOKLYN
BRIDGE REHABILITATION, 2™ International
Suspension Bridge Operator's Conference, April
2000

3) Michel Virlogeux: REPLACEMENT OF THE
SUSPENSION OF THE TANCARVILLE
BRIDGE, 2™ International Suspension Bridge
Operator's Conference, April 2000

4) William J. Moreau: CORROSION PROTEC-
TION SYSTEMS FOR BEAR NOUNTAIN CA-
BLE REHABILITATION, 2™ International Sus-
pension Bridge Operator's Conference, April
2000

5) Hiroyuki FUJIKAWA, Others: CORROSIN
PROTECTION FOR SUSPENSION BRIDGE
CABLES, 2™ International Suspension Bridge
Operator's Conference, April 2000

6 ) Alastair Andrew : THE FORTH ROAD
BRIDGE HANGER INVESTIGATION & RE-
PLACEMENT, 2™ International Suspension

Bridge Operator's Conference, April 2000

7) Peter L. Rinaldi Others: GEORGE WASHING-
TON BRIDGE SUSPENSION ROPE REPLACE-
MENT AND MAIN CABLE INSPECTION, 2™
International Suspension Bridge Operator's ‘Con-
ference, April 2000

8) Roger A. Evans: THE HUMBER BRIDGE
CORROSION PROTECTION USING DEHU-
MIDIFICATION, 2* International Suspension
Bridge Operator's Conference, April 2000

9) Mervin C. Giacomini Others: GOLDEN GATE
BRIDGE-SEISMIC RETROFIT, 2* International
Suspension Bridge Operator's Conference, April
2000

10) Mario Fernandes Others: TAGUS RIVER
BRIDGE RETROFIT FOR RAILROAD AND
ROADWAY WIDENING, 2" International Sus-
pension Bridge Operator's Conference, April
2000

A M K ®



HAABIRABICE T 2 BEFONICZER - B

Observation and Analysis of Girder Behavior on Akashi Kaikyo Bridge during Typhoon
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Since the Akashi Kaikyo Bridge is likely to vibrate and deform more than the ordinary long-span suspension bridges, the bridge be-
havior monitoring system has been installed on the bridge to verify dynamic motion due to strong wind as typhoons. With analyzing

the motion data recorded by this system during strong wind of the typhoon 9807,

the dynamic characteristics of wind were com-

pared with those defined in the aerodynamic design standard of Akashi kaikyo Bridge, and also, the calculation results of gust re-

sponses were compared with the design values.
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Report on Design and Construction of Steel Floor Pavement on Kurushima Kaikyo Bridge
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Kurushima Kaikyo Bridge consists of continuous three suspension bridges having a bridge length of 4100 m and locating Imabari

~ City side of Shimanami Kaido Expressway. The bridge employed a steel floor system and its pavement was designed and con-
structed according to the standard for Honshu-Shikoku Bridges Steel Deck Pavement (Provisional Version). This paper introduced
such subjects to be taken into consideration with the pavement work from now on as the followings : one, countermeasure to the lo-
cal deformation of steel floor, two, structures of deck capable of machine work, three, superficial treatment on steel floor, and four,

finishing details of construction joints.
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Tab.10 Observation of finishing joint material
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Current State of the GIBRALTAR FIXED LINK
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PHASES AND CONSTRUCTION COSTS

CONSTRUCTION COSTS ESTIMATES, MEcu/1994

Works Phase 0 Phase 1 Subtotal Phase 2 Total
Fixed Link 315 1.872 2.187 1.338 3.525
Tunnel civil works 315 648 963 544 1.507
Terminals - . 234 234 22 256
Fixed equipment 595 595 402 997
Initial rolling stock 256 256 256
Ulterior rolling stock 139 139 370 509
Construction and accompanying works . 250 250 - 250
North shore - 125 125 - -
South shore - 125 125 - -
Grand total 315 2.122 2.437 1.338 3.778
Notes.-

a. Costs do not include VAT and import duties.

b Civil engineering costs include provisions for engineering and field work control (9%) and contingencies (10%).
c. Equipment costs include, in general, provisions for technical studies, field supervision and tests (3+5+1,5 = 9,5%).
d Initial rolling stock is figured out as programmed at operation starting up.

e. Ulterior rolling stock corresponds to successive stock additions (no replacements) until Phase 1 saturation, and, in Phase

2, until doubling the capacity in saturation of Phase 1

EAST RAIWAY TUNBEL RECONNAISSANCE GALLERY WEST RARWAY TUNNEL
2 {PHASE 1}

{PHASE 2)

PHASE 1
EAST RAIWAY TUMNNEL SERVICE GALLERY WEST RARWAY TONNEL
{PHASE 2) (PHASE 1)
PHASE 2
EAST RAIWAY TUNNEL WEST RARWAY TUNNEL
et SERVICE GALLERY i)

—5 RLRILREERC

Fig.5 Project cost of tunnel solution

BE—4 vI/N—4#t (42.5m, BRE I BEF 300m)
Photo.4 Malabata Experimental Shaft(diameter 2.5 m, depth 300

BEE—3 2Y7 7R (¢3.8m, £ 700m)
Photo.3 Tarifa Experimental Gallery (diameter 3.8 m, length 700 m) m below sea level)
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Overseas Report (Zimbabwe) Construction of the new Chirundu Bridge
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Tab.2 Comparison of bridge types
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Tab.3 Dimensions of the new Chirundu Bridge
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Damage of road facility caused by earthquake in Turky
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Photo.2(2) Sakaruya Bridge whose superstructure was displaced
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Photo.3 Rise and crack on road
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Photo.6{1) Damaged viaduct (Viaduct 1) under construction
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Photo.6(3) Fissure by fault right under Viaduct 1
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Photo.6(4) Rotational displacement of pier of Viaduct 1

Photo.7 Landslide on national road
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