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Maintenance of Honshu-Shikoku Bridge Expressway
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Maintenance of Ohnaruto Bridge

EPEREt>s-—mE (fl E

1. 3FUBIC

KIBFFIE, ME - BV — 09 b KIS IR
Bo—Eps UTERSN, BH6044E 6 A2 M
LTHE YT 204F 6 A3t 23 SEERT 5, 2
DRy FHE 10 4F 4 F B A RS B X B A5 L
AR EBEEE L@,

BRABE L. HEYH 7T FRETH- B L REE
DR IBAEERICIIMN 2 BT WML, KREME
EBEEL DITARM & HEM O EEHRERO—#E LT
Wiz d b AHADIT L ARNUEDO NOREDIEFERILIZ S K
ELHFEHLTw5S,

A, RBEHOT7 IO —F ThHPIEEEEE LD
WCARMEEAEO P CIEME-AEICHLTB Y, RoE
E T A LCEBRREOT (BE-1) 12d 5,
COLUWEEIZERYEILEEINLTEY., EES
RENEE IR SNEBICBEINTWS, LiL.
20D IO NTTOBERIIBNTIE, BEL
KPS FPHEULIBELVWRETIZHL Z L 2 HES
TonhTwnb,

BE—1 RERE T ICH 5 KIEFME

Photo 1 Ohnaruto Bridge under salinity action

2. WHEEOERFH

ARIEKERE OMERE L. 2RERHICER LAV
BRTEHEGLZNSLZ L 2BEICE&D [FHEE]
ELTHEY, 200 LogetomiEz BB L Tw 5,
FHRELZ T RCOBM~NEHTLZEIFHE LW 2D,
HDIZE o TIIAHERETH bERELETHIET AT &
W27 5, KEMBIZOWTH EEEEAFTEHICHE - THER:
BHEfTo TS, UTIZChETERLTE-TER
BREEBOWELRRD,

3. EIBEMORE#ERE

HWHT, FEOBREEHIZOWTIE, HVEICELE
BERAE 2TV, 07— % 2 FEICHRES L& R L.
BRI OMERLEBHIM 2 RE Lz 2 OMET ORI,

% B4

Hiroaki Hoashi

KB FIAE CILEERE 10 SEEED & 8 FEFHE TR & £
OEHBERZITH) L HRE L. ERTIITRE 10 4
BICEFLEEELY 1EEBROFER 1I8ES BIcEE%
HFUamER TR,

W OBBICBVTE, EVARNTOEEE RS
72 OFBLE~OBREZITH & & B2, BHOETHILE.
THREHE, o 2 PR BRI BES 2B LR L,

FEOBRIIBWTIL, &l BLE» S5 EE0oR
ErEIBOERTVFI52RHLLE BE—2), /2.
R - WEICKERITILOZLEE LR ER
LRHFET 2L ERE—3), 25123 A MR,
THREMZNS B» S L -B8REEEICL 2%
Ba IR L7,

B, EMBHEOR, Bk IATIR1~2EUNIC
BEMICERESRONL 2D, ROBET TORMIZRZ
R R E S EE L TV LERH B L E LT
Wb, FBERFOII L A LIRRRBEICHEMETREE
Wi U723 BR R T Ch V) . RHPIBEE ;MG ST
BEOFMIIKELSBEILIZEFHEBR L

r—7NVEBEIZOWTIE, PR 6 EED ST 12 4F
BT TRENCTHEZITY, BRIV AT AOREILTF
B 6 EE ORI TG S &MOL R ZERTERK
I3EEICTER L. B IS EERLEI Sy — T VHD
BEFEZERL TWAHD, Ny FE, BRI NN—%D
a—F U 7EIL EREEPLOERRENLEH ). BH
HEMTH DS 40% ZHETELVEZIAVEL TV S,
FOlH, ThODOWBEAHLEHIZIERIZ BT
LHRMBUBREERPTH Y FRE 20 FEENICITET TS
FETH S, 5H . BEEFEL MK L. NIRRT O
DREER T — T VOBEIZOVWTIE, BEEHEOAT
BEREEIWERELL LI VAT AREYTRELE
2 TWwWh,

NYH—a—=FIZonTid, Bl — 7ok
EOMFERN Y H—2 5V THIBEPR OGNS, B,
K 15 E B E M L 72 EWIERE O R, — 50
BIEEAERIZI 1~ 2% BETHLIOICH L. EEHHICBH
WTIZRK 9% BEOELVEAEXD S Z LIRS

ER—3 REREL

BEE—-2 WAEGIFS
Photo 2 Magnetic wheel gon- Photo 3 Protection facility for
dola road surface

A M &K #®|

C



\_/

‘\/ ;

iz (BE—4), 0Ok, MM RERO RS Z2HHT
HRELTHELLER ABLELTEEED 10~20%
CHEPOBENDLZEFHHEL, S0, 248%
WAL, FEIIREZ £S5 & & DICEET OB
FIZOWTHRET L. PR ISEEISHARBTHICE
F L7z 2B, REM TR, B SRRz X
DHBERELWEL., BEFERL 23R X IR
L7 &R L OBRD & wiER OFRAEm 71 %2 K.

REWRHRTHI LI Lz TRODTF— 7 2 EHT
BHEEHITHBDEHWICT— 7 IUE EZIETR 24T,
REWERFEEEET 2 -GN EHPELRRE T
ELEZTWAD, T2, FHI7. ISERFICIE. BIE,

A L 72 CFRC U —7#% NI E D LBELO 2 W E
WD wy FICEUEZ 280 TEICL 23 81E%
ERiL, B REBAREOMZETTHE (BE—D),

COREWDPHERTE, IREEMPEHHERERE
THSZEVWFERINEEEIR, TRICREZLZ LI
SO EEROBERIINES S DOADEHISTREL % 5,

NI —u—TOEEHFEEITE LTt RIEKE D
MOBFITIZ I DL 5 BBFUTE L TV, KIBFE
ORAELLFEREEEEZ G0N L, ERICEm®E
HLUERHLEEZT\D,

BHE—4 FEEMOER FE-5 HMoBEIE

Photo 4 Corrosion of suspender’s
anchorage zone

Photo 5 Partial replacement of
suspender

4. A7) — MEEYDEEXE

Balk. EXgvAaryr)— MEEWTH B, WL
B O LRORENHZ S X ) OUERB R S 1,
BWEZL2HBNCOETHBRSENT20, BEOBE)
LROIDITA =V T oM LT ZOBREKI12EET T
W2BHDIA =V 2 EMLTWD, BEBEERICD
WTHBRIZDODTWTIA v ZF 2 ERL., PR 184
BErO2BADIA =V 7 EMIE Lz, 2227 ) — MiE
BEYZOWTIIFEICHHEREZ G2 2 —
Ex2ITV. HILIRIROIER & BILFR 24T - 72 E Tk
RIS LB ELHGBEOR TR A = v 7%
HBLTWb, 2B, TRITOREF—FH»HBEITE
FEL729 4 = ZI3EECH L CHIRR0b o722 k
DHERTE TV 5B,

T2, MFEEBEOBRICBVCZa Yy 7)) — Vg
DGR EEIET L O UCENBIERG OB EIC L Y 2
YU MEICHEOERNY D B 20, Pk 18 R,
LE6PICBWTRHEN KRB LHZERPTH B, 2D
BERTHONT— 5 2047 - fHME L. BAEBH O
RS ELFETHDL (BE—6),

5. MR
TR B AR DR, BT R D& & 7 (I RERR

Vol.32 No.110 2008.3

FTREAMEWEIHE SN 2720, AHETE SR8
PR E W CHMBEBAICER L - ERIC I W IEEL
oo TORE, ZHEFRO—I B7mb) TR
ORI L 7225, SAEBOIHE % HTREH & B
B3 L THEMEIHRRCELZEFbhol D
720, HAMICEESET LoD2d 508 (B Ak
il E L, FRISELOSHELFICET LEAE
EFTTHE (BEE—7), KEME. PIFSEEOMIC
HEME FEHLELBEHREZ &) NLEICLLD
3. Ny 7 ATFA BB, 1ASAT7 VLAV ERE
BHIOBH B X UMIBEEETH 5o BEBHTER O 2
RIS 19 EEIZET LTE D, ZRUDIHITFR 20
EEPRICERT L FETH 5o

BER—6 EEARAR

BE—-7 ZHEAEOCHEMR
Photo 7 Corrosion protection
for multi-pile founda-

Photo 6 Trial work against salt
action
tion

6. SEROREDEDHIC

INFIELERE IS T 5 HREEBITOWTHLT
HFEEDBRRD, TN D Z < o2k, Hricds
DERMAEDICB VT, FLWEERLEEREROHN, B
X OB OB EFELTWE, TRHOEREICH
WTHRBOMNIEE LT THAED, BLVWEHRRED
TTIRBEOETIEL . BEREOZM, WBHROBERE |
L DRIEAlBNENNIC R 5 75— APE LTV D,

HR+8TIZ, BHRESMOWBEZBERL-SBOE
EEEZ GG, EOIRELVEEESE L LE)
HoHrEEbNhs, BENGHEES LT,

- B At & ZIROFE - HEREOm -

C SHREEELT B & B D HEM ORI REIC

BT A7, FFBIERES > ORH LIIE % Bk

IZHEIR T X B R R
CINETOER - WHBEBRER I A, EAET~NOT

Tu—F OB IE
- RBZEROZY - BRELRVWHILETICH L. BdfR

oINS TN il 3N [

CEBEEHLAFBRETICEY., FANOREICEL

R - RO
- REHBREETOFGEEET 0. Hokishx

DEWIINOZHMFABR T LoORRE
BENBPRUREEZ TN D,

bhbhid, BEELHSEARZHEREAEL. 24K
RTROMRANFIEPTHEELREEZH> TV 5, S
I EFBICINDBEHBBEETH L0 ZOKEMER
EHEED DA A, FEHTDH - - SEERESHE DR
DB K I DN 2 ~OFIRTEE R W E Ok SE CE
B E R L TE L, 5B LERDTHRK AR
RN TH VR TR LW E > TW 5,



MR KB OMEIFETE

Maintenance of Seto-Ohashi Bridges
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Maintenance of Honshu-Shikoku Bridge Expressway
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Honshu-Shikoku Bridges are large scale structures and located in the Seto Inland Sea which is an area under severe weather con-
dition. Generally, it is very difficult to keep the structures in good conditions under such a situation and to save maintenance cost, if
conventional maintenance methods are applied. Therefore, innovative maintenance concepts should be adopted to ensure the safety
of the structures.

This paper describes the basic concepts of the maintenance and inspections for Honshu-Shikoku Bridge Expressway.
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Table 2 Features of strait sections in the Expressways
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Disaster prevention management of Honshu-Shikoku Bridges expressway

% & o B B RegmERsERE 1 %
Takeshi Takeno
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Yoshiya Sakamoto
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Since Honshu-Shikoku Bridge Expressway Company Limited was established as a public corporation, disaster prevention work
has been incessantly executing. This paper shows the system of the disaster prevention works and also explains the outlines of them
such as the past main disaster histories of each route in service, improving process of weather forecast, recent problems and newly

developed technology.
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Traffic management of Honshu-Shikoku Bridges expressway
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About ten years, twenty years and nine years have passed since Akashi Kaikyo Bridge, Seto-Ohashi Bridges and Kurushima
Kaikyo Bridges were completed respectively. Traffic management is one of important services to the customers for using Honshu-
Shikoku Bridge Expressway safely, securely and comfortably. This paper introduces the summary of traffic management since 1999
after the opening of three Expressways.
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Structural Health Monitoring System for the Honshu-Shikoku Bridges
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In order to verify the design assumption and to be utilized for the maintenance, the health monitoring system, (such as seismome-
ter, accelerometer, anemometer, thermometer, GPS), has been installed to the Honshu-Shikoku Bridges (HSB). After the completion,
the HSB were attacked by several typhoons and earthquakes. The external force, i.e., wind velocity or earthquake motions, and the
response of the bridge structure were recorded during such severe conditions. The structural analyses were carried out and the struc-
tural responses were compared with the recorded response. Based on the analyses of the observed data, it was confirmed that the as-

sumption during the design stage was appropriate.
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Maintenance of Cable Bands on Suspension Bridges

RABE#Mt 52— WRE-@E/L-7 | H # *
1) —_ 9“ —_ Ikuo Yamada
RABRM L 2~ WR-@E/L-7 F I g/
# J ) — 4 — Akira Moriyama

B =

BRI —TIUN FOEBRBREICHS I3 R M HETOERB L TN H—EHOEAEE % ZF LT.
T=TIWNLROFR)RLUEFMTHEEBIC. KU MOMABTELECOVWTRNLTWS, 22 TH.

KISFIMBICRT 2 MBI E 4 8BE T 5,

The slip safety of cable bands and the maintenance method for band bolts are reviewed after completion of suspension bridges,
considering the axial forces of band bolts and the tensile forces of suspender ropes. This paper mainly describes the maintenance of

cable bands on the Ohnaruto Bridge.
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Cable Vibrations and Countermeasures for Honshu-Shikoku Bridges
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Polyethylene-covered (PE) parallel wire strands (PWS) are used for cable systems of the long-span bridges to reduce maintenance
cost, and are likely to be excited by wind. Therefore, countermeasures for cable vibrations were investgated and applied to each
bridge in the Honshu-Shikoku Bridges. This paper describes a brief review of vibrations and countermeasures for cable systems on

the Honshu-Shikoku Bridges
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Corrosion Protection of Honshu-Shikoku Bridges
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Various corrosion protection methods are applied to maintaining Honshu-Shikoku Bridges perfectly more than 200 years. Here we
introduce corrosion protection methods : dry-air injection system for main cable, non-destructive inspection, repainting and partial re-
placement method for suspender rope, repair of local corrosion on stiffening truss, electro deposit method for steel caisson corrosion,
protection for multi-column foundation and corrosion protection for other accessories.
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Fig.1 Corrosion protection methods of Honshu-Shikoku Bridges
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Repainting of the Honshu-Shikoku Bridges
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Repainting area of long-span bridges such as suspension bridges and cable stayed bridges crossing the straits amounts to about
4,000,000 m*, Of the maintenance budget large cost is required to carry out repainting, and to reduce repainting cost is the top prior-
ity for saving the budget. In addition, conducting repainting work is indispensable to keeping the long-span bridges in good condi-

tions.

This paper describes the concept of the repainting for long-span bridges and the development of the execution techniques.
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Table 1 Painting specifications (during construction)
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Photo 1 Paint film investigation at fixed point
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Fig.2 Consumption of paint film and repainting time
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Photo 5 Execution by using maintenance vehicle

(Seto-Ohashi Bridges)
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Maintenance of concrete structures
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About 9 years to 27 years have passed since each section of Honshu-Shikoku Bridges was completed. Severe damage has not been
found yet and large scale repair works have never been carried out. However, it is anticipated that the Bridges are subject to severe
salt damage because they are located under the influence on sea water splash or flying salinity.

For the maintenance of concrete structures in Honshu-Shikoku Bridges, non-destructive tests have been conducted during periodic
inspections. And the concept of preventive maintenance has been applied to ensure long life of the structures more than 200 years

and to save life cycle cost of them.

This paper shows the outline of the non-destructive tests applied for the maintenance of long-span bridges and the results.
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Fig.1 Maintenance management procedure of concrete structures
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Table1 Number of bridges investigated by non-destructive testing and the contents
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Table 2 Judgment of non-destructive testing results
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Fig.2 Density of chloride ion at the locations of steel bars
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Table 4 Non-destructive testing results and deterioration forecast
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Maintenance for accessories of Honshu-Shikoku Bridges

[ E A BA

Kazuaki Mukohara
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Seto-Ohashi Bridges and Akashi Kaikyo Bridge will mark the 20th and 10th anniversaries on April 10th and April 5th, 2008, re-
spectively. Some problems which are caused by the initial defects have been found so far. Main problems were the noise and incli-
nation of link type expansion joints, the noise of rolling leaf type expansion joints, the noise of end links of Shimotsui-Seto Bridge,
the rust of bearings of orthotropic steel deck and the damage of rubber buffer system against ship collision. This report shows the

maintenance for those bridge accessories.
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Fatigue Design on Honshu-Shikoku Bridges
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In Honshu-Shikoku Bridges, the fatigue tests that large-sized specimen were used were conducted to obtain the characteristic of
fatigue. The test results were applied to the design criteria and the fabrication standard. This paper describes development process of
the fatigue design in Honshu-Shikoku Bridges, and it reports studies that are aimed at ensuring the safety of the structure for fatigue

damage and the improving the efficiency of the inspection.
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Table 2 Result of fatigue crack growth analysis (main structure)
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Table 3 Result of fatigue crack growth analysis (main truss)
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Table 4 Important inspection details in orthotropic steel decks
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Seismic Upgrading for the Honshu-Shikoku Bridges

' X 3]

Susumu Fukunaga

RAGBRM 2 — WE-BERIN-T
1) — g —_

® & B ¥ B #EBELEE [@ = E B

Tatsuo Okazawa

r2Rr28E EJIN B2

Yoshimi Hasegawa

Bk 2 F ¥

# =

TR 7 EOREREBHEOHENRR LS A T, EBREOREHCH VT REEERE 3B TRV EED
WCKRZELEHBESABINTZF21—FIT V7 ADETEMELER T ehork, 4. FRI7TEIRIC
RELTEE LY, [ER. FIFBOBROMEMAROMEIC DWW T] FMEERRS L. BRRXER PHER
DEEBRECWEMAICOVT, BREREL THETII L EL >/, ThER W BAESRICHEWVT
HETHHEBICH T IMEERECVELBEOHBIZEERP TH S, AL TH. BRAESEFT->TW
BMEAEBICHT AWMV MBAD D 5., MEMEE. ANDREEHOBKRE. HEEEREER. MEMEEINO
BMEICOWTHREETT I,

After the 1995 Great Hanshin Earthquake, the effects of the inland near field earthquake with the magnitude of about 7, which
causes great impacts on highway bridges, have been considered in the design. In March 2005, “Promotion of seismic upgrading for
highway bridges and bullet train bridges” were announced and the seismic upgrading for bridges in highways for emergency trans-
portation and bullet train railways has been started. Considering these circumstances, HSBE has been executing seismic performance
verification and seismic upgrading works. This paper presents the concept of seismic upgrading, study of applied seismic motions,

results of seismic performance verification and examples of seismic upgrading works.
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Maintenance of pavement on steel plate deck
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Micro-Surfacing (MS) method is adopted for the repair of the pavement on stee] plate deck of long-span bridges in view of con-
ducting preventive maintenance.

This paper reports histories of maintenance for the pavement on steel plate deck by MS-method and routine measure of the pave-
ment maintenance such as repair of crack.
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Maintenance of pavement on the land section
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Road surface is the most influential part of highway for drivers ; therefore it is a crucial issue to service drivers with safe and
comfortable pavement surface consistently. To maintain and repair the pavement on the land section in Honshu-Shikoku Bridge Ex-
pressway, the conditions of pavement surface are investigated through daily inspection and configuration inspection for the surface
first, and then considering the inspection results, some are repaired immediately and others are repaired according to the yearly plan

set up.

This paper reports the maintenance and repair results of the pavement on the land section and a current to the repair of pavement

in the future.
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Management and Development of Road Maintenance Equipment for Honshu-Shikoku Bridge Expressway
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Road maintenance equipment for highways and bridges has been installed for the safety, rest and comfort in the Honshu-Shikoku
Bridge Expressway. There are many facilities which are peculiar to the Expressway among the equipment. Under these circum-
stances, maintenance preventions have been carried out during the plan, design and installation of the facilities, considering past use-
ful maintenance experiences. In addition, corrective maintenance has been conducted through actual maintenance works. On the
other hand, some machines have been developed for conducting effective maintenance.

This paper reports the outlines and histories of the machinery peculiar to the Expressway, and also shows the developments and

future approaches of the working equipment.
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The first traffic management system in HSBE was established for Ohmishima Bridge section in May, 1979. After that, the systems
had been expanded one after another and operated for each section of the expressways which were completed. During structuring
the systems, the technologies of telecommunications and remote monitoring & control were required to be applied because the fa-
cilities of the traffic control center were set apart from the facilities on the expressways. In addition, the various technologies of in-
formation processing were needed to be installed in the system because a large amount of information was managed in real-time.
Furthermore, during the expansion of the systems, the different technologies were used for each completed section of the express-
ways because the latest technologies at that time were utilized when each section of the expressway was opened.

This paper describes unique technologies of the traffic management systems in Honshu Shikoku Bridge Expressways and the his-

tories.
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Table 1 History of traffic management system
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SDH (Synchronous Digital Hierarchy)

IP (Internet Protocol)
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Table 2 History of traffic control center {Kobe Awaji Naruto Expressway)

AR AT | BABEAEILAXE | XBPMRMERMO | KEPBEERMO | XBPRNERHG | KEPEEER MO

HEH X R MABIC-#A-HIC | B%—HIC-WARIC | A IC-FRMAL | Bl AL -BMIkIC| Bk IC - %F9 1IC

BRI R 44.4km 11.9km 16. 1 km 9.3km 7.3km

HIHBIEER H10.4.5 $60.6.8 $62.10.8 $60.6.8 $62.5.23

$60.6.8~ B 2 L wbne]

$62.5.23 EHIE Bl

S 62.5.23~ B P2 5 P25

$62.10.8 EHE EHE

$62.10.8~ - TR P38 .

H10.4.5 - i T
[ ZEN] -

H10.4.5~BifE | ~a— i >
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Table 3 History of traffic control center (Seto Chuo Expressway)
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(¥7)
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Photo 2 Okayama Traffic Control Center (present)
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Photo 3 Onomichi Traffic Control Center (present)
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Table 4 History of traffic control center (Nishi Seto Expressway)
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Fig.1 Future optical cable network in HSBE (draft)
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