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Development of crack detection technique for bead through crack and establishment of framework for fatigue-related
activities.
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Recently, the origination and progress of fatigue damages have been reported in some Honshu-Shikoku Bridges approximately 20
years after completions. Currently, total number of the fatigue crack is small; however, the inspection and retrofit work are estimated to
increase in the future with the increase in the cumulative vehicle traffic amount as well as the number of fatigue crack.

In this report, efficient fatigue inspection method for bead through cracks in steel decks utilizing the infrared thermography technique,
the alternative method to the conventional visual inspection, is presented. Also, the outline of established procedure in inspection, diagnosis,
retrofit and record for fatigue-related damage, prepared for the increase of the above mentioned activities, is presented.
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Table.1 Specifications of employed infrared cameras.
T TR RO S TER R TRy fikse T L—hl—k
A InSb7” LA & 4 320x240 25-5.1pm 0025°C 380 frames/s
B ~AraRaA—4 640x 480 8-13 um 0.060°C 30 frames/s
C ~AraRa A—X 320x 240 8-13 um 0030°C 60 frames/s
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Table.2 Measurement parameters.
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Development of Battery Powered Maintenance Vehicles for Tozaki Viaduct
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We have many inspection and maintenance vehicles for outside girder at Tozaki Viaduct. The vehicles had run by the
power supply system from a trolley wire stretching the full of the viaduct, but sometime had stopped because of, for
example, salt particle adhering to the trolley wire and insulation deterioration. Therefore, we developed the power supply
system from lithium-ion battery for the vehicles.

This paper shows the present state and problem of the power supply system from a trolley wire and the abstract, running
test on actual viaduct, the result, introduction situation and future policy of the power supply system from lithium-ion
battery.
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Seismic design and retrofit works for Muya Viaduct

BFEEtL U2 — ERHERERER # B &
Hiroki Murakami
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Yoshiteru Yokoi
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Honshu-Shikoku Bridge Expressway Company Limited is doing seismic retrofit works for highway bridges located in some part of
Kobe-Awaji-Naruto Expressway. The seismic retrofit works are being carried out in order to secure the emergency route which connect
the prefectural capitals of Honshu and Shikoku Islands together with national highways in case of huge earthquake in the future. This
paper reports the outlines of the seismic performance evaluation, design, and retrofitting works of Muya Viaduct, multi-span continuous
prestressed concrete bridge, located between Naruto-Kita IC and Naruto IC.
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Fig.1 General view of Muya Viaduct

20

X m K W



2.4 THERMRER EROBESIRET =2 ENROFRATSM

MEEPERERR AL C IS T, INERIERED IR LN ELZ G, Table 2 Outline of dynamic analysis
SR O ﬂbf SEREHRAAE TV E IO IR b meif‘z —
TEENIARTAEIC L 0 | T EEMRER) SR O ARE 2-(#5] B PR 0017
e R . P UREEHERELEN1-1BE . 5 E)
(I LT, L/lﬂjﬁa#ﬁ%%m% &t [ BEZIIOX BB R OER oL —) Bl
(1) tEO R S =77 7T o
TN e (K CE - E% BRLES
*ﬁﬂfrﬂ@%ﬁ%@*ﬁ xR CALCR) ORI, M B S e
DEBOIERAZE L. AN A2 LE 4 5RC Eit LRI 2 B EE
=] NRESE
%LVC ié*ﬁﬁ#%%?’)flo CA/ i*ﬁgﬁﬁ@ﬁf [ AN R B BUAEESE
WBRARERD 2 LN CERVIBINTY, OO || (e FAEE_
WBITH 2 & T, REABEOMRT, THREMAEAT & s AT LT
BT 5D Z L DR CE, RCOEL C/E250mm + HfH Bl 1 29% GRS BIFEEE )
WROBMEITH Z L & Lz, s | AR (mmamscs sRIRAGBE )
R 1*§ﬂbﬂ§ 10%

®1 BESEEHE

Table 1 Outline of Muya Viaduct P2 P34
pos P26 P28 P30 A2
= — P22
1 H Eil T it P31 P33
ppg P25 P21 P2
524 RS20 9 P21
—. N Al
BRE —#EE 28 B (HF XHBFIEDEE) A
mspE LU FRL 9F 5 A8
e U : BRI 61 F 12 5 -2 EEIETETIL(EYER
b | LY OERI+HISEM 11 ZR) BEPCHTE Fig2 Overview of the Analysis model
" TYHR: (41RR0 + 512 x 5+ 6128 EEPCHEATIE
ERpR LA LY E
Ty | ETHES (EEERE)
" INERERERD (E R ST T MBRE)
1281.8m
L
o (339.5m+555.5m+386.8m) /
s & Xk:1Eh
Ty 1294.0m .
" (158.0m+197.5m+193.5m+187.0m+175.0m X 2+208.0m)
B SERB IV ER P2
Fys (30.7+31.5+6@39.5+38.7) +(38.6+3@39.5+3@35.5+45.0+2@35.5
e +4@35.0+34.1) +(34.2+4@35.0+2@36.5+2@40.4+29.0+28.15) . ) X
P1 it 8 KHER
X (38.9+2@39.5+38.9) +(38.9+3@39.5+38.9) +(38.9+3@39.5+34.9) - o — =
TUG | +(349+35.5+450+355+349) +(34.4+3035.0+34.4) x 2 H-3 BRIAETET/LEIER
+(35.9+3@36.5+31.0+30.4) . .
Fig3 Element of the analysis model
& & £1ES:1250m, HHIESE:11.00m
FERE R=1,500 A=500~600
+
XAEH RARBETLZR x4 #HITERRERR
Em | EYHR | EET:FREFET, THIT T HR2FET Table 4 Seismic performance evaluation (Bending moment)
THE | Ty | RASSEET
mit [ LU | BEEE RREEHTREER) NGE % (%)
BHE | Fyg | TL-20.TT-43 HhEH) 1471 2471
i WARE | LAV | fEE | BE | Ewm | e
LR 88% 0% 71% 18%
TY#R 100% 3% 88% 59%
®3 BRRERR
Table 3 Result of seismic performance evaluation
2P | 3P | 4P | 5P | 6P | 7P | 8P | 9P | 10P | 11P| 12P| 13P | 14P | 15P | 16P | 17P| 18P | 19P [ 20P | 21P | 22P | 23P | 24P | 25P | 26P | 27P | 28P | 29P | 30P | 31P | 32P | 33P | 34P | 35P
X X X X X X X X O X X X X X X X X X X X X X X X X X X X X X X X O X
Bl o [ x [ x [ x| x| x| x| x [ x[O] x| x| x| x| x| x [ x| x[ x| x| x| x| x| x[x[x]|[x]|x]|x]|x]|x[x[x]0O]O
HAM| x X X (@] X X X OlO0O[O0Ol]O]l]O[O] O X [0l o) X X X X X X X X X X X X X X X (@] X
o | E%3 Q X X X X X X X — X X X X X X X X X X X X X [e] - X O X [e] [e] O (@] (@] - -
ke - X [e) X [e) X X X X X X X X X X X X [e) X X X X X X X X X [e) — - - — — —
e g [ - X @) X O | x X X X X X X X X X X X O X X X X X X x|OlO|lO]| - - - = = =
AN - X @) X O | x X X X X X X X X X X X O X X X X X X x|OlO|lO]| - - - = = =
#Ehl - [ xlolololololololololololololololololololololololxixlol-1-f1-1-1-1¢=
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
1R ghiF X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
A x | x | x | x| x| x [ x| x{ x| x| x| x| x| x| x] x| x{ x| x{x]x]x]x]x]x|x][|x]xfx]|x[x]x|x]x
EZ3 O]lO[ O X [e] X X X X X X X X X X X X X X X X X [e] X o X OlololO]l]O|lO]O] O
TYiRE
- O]lO ] x X X X X X X X X X X X X X X X X X X x [ O] x x | O - - - - - - -
e i | - [olOo [ x| x [ x [ x [ x [ x [ x| xx[x[x[x[x]x[x[x[x[x][x[x[o[x[xlol-T-T-T-T-T-T-
HAM| - | O[O [O | O] x x | x x x x x x | x x x x x x | x x|O|x]O|]O|[x|O]| - - - = = = =
X#EHl -[oJolololx[ojolololJofoJololofofojololofofoJololofolo]l-1-1-[{-1-1-1¢-=

Vol.40 No.125 2015.9 21



) STEEBOHTEMET
= LSTRORERIT R OR AMTOT a2 R OF HLLUT
(IO B 728D, RDIRIHETRITK L CHE#E &
1Tole, U/ 3—OREI L DB B —A
[ZBNT, A LITRDOEAMTOT DRI E 5
ST, FUR—REIZ L VEEIOSENX DI, 1
PR EEREL 64 2 B BRI C & £ 2 L MR ST,
LU, ABHRE A G OWTIR, B, AL R
DREDMEE L T2 o7,

KD XAREBOFHIRRRES
Table 5 Reinformcement study for rubber bearings

Er—2 BRI ol
T ERAREEOH o & x
& EEHREEICLY, |BRIZL IREL, K5 GRROWENEOR AL,
BRENNRSN L DREAREDBAC [20REERT .
ERRBERT. «
SRR
WHLOLE S,

XD E A EROMEERE~DRE

. OKE D,

2 ZREEICLHIE (¢] o A

N E HoN—RbyA—% (1B EHEOGEL. ((—EBOEMTHMARHROm
BREL. EFORE | BRERBELGSHT (N 208U LS, )
HEEETHILICK |(ErEERSNT, A
Y. OKER S, STRMBHAHET
Tt EEREEB RS
BENTES,

3 AUR—DBREIC [e) [¢) [e)
SHBENDE (Yo A—DRECE |[FU—ERETHT | EROBATROR N LA
U BREKOBEN | LIZEY BREHO [20f5KES, )
ERAMILShAELL [RENTAHBIENEE
1=, EEMERSNS [BENTz, ©
Toth. ZANOKE [SEHORBREDE
%. RHERNENS,

4 REXR~DRE o) o A
IS&DEENSE |REOTEMRES B, ZROGEL, [(—BOBRTHEIROR
RIRRELIKH (RREARELSRT | AL 20 EELS,)
FHILITEY, OKE |EpHERSNT=,
3. SEEMHHRET A
Tl EAEEERSY
BTENTES,

(3) FEREOHRIRRT
FOERSCIE, BRI — A v FoR AN %
[B] A VB DT LT 7=, FEMARNTIC X 0 RS EE D & i
BMRERREZIT) Z & & L, AL & MR A2 20k STFEMT©
ET MU LT T v ¥ ad— i i 1o, £, 18
) & SRR OMTRFE LA BRE LT D 2 C, AR E
B, FEBEOISEIESR B SR O LB AR LT,
FEMAFEHTRESR CIE, Fcf&r7 LR ORI AR IR
MOFBEIZ LD DTHY | #&JRRFE T AWk 34E
Ureipotz, BRI LY | b, HERRE
AL TORBEDIREZE (0.73) CEAIMET TS
BNCAVERT 2 KEEE (100) L0 KEZfEE TK
N ZESHTE TR, BRI OMRTE L~UTxE
LT, SOOI T3 DAL D & DD ) 2+
FFLIIRRETH S Z LR CE T, Lo T, ZhHo
FEILD D FLE iR AT &I LTz,

2.5  fERREREHEER
ATETOBIS AR I, BRI 2 e T2
T EINTE DHFREN REET-2, S SICEERY 7R

Fx T~ BRAAR TOMEEORTTZ1T,

Z ORERITIEAN TR G 2 F2bl L7z, BT Ol

22

A OFRNFIILL FO#EY ThH D,

(1) HREEROMRSTEORR

ATEI ORISR CORE LIz & v R ERIL, =
(22 B A DB [V ORI R e R CTh o T,
ZD7h, I LIIKOENL OIS IR T X HRREIC
EHHL, RODEBY | HEOMNREZ BIRGT LTz,
IS DOFRBOBFHNCHT= - T, BRI ~D
WELERE L (To7z, K7 —ADHERGORER, &
JERCIEBEA~OBFPHINNT D L DD, F o/ — P RE L
72 BRRE T — 24 GRS OET COROEEL) )
DL BERIRRIRE ThH D 2 L DGR S T,

Q) STKEEALEFTOMR

SOKEEDTTEZ. BSORIHE T 7y MK
LAENHIIREEEZRE L., 22T, WROMETHD
RS O HERBASNOMEIZ L DALk L TiE, 207
il BRAEIE OWFH] TN T E D & 9 IZBLRE L7, ZALiliR
REEORUYE - RERINE, BEOMREHORE 2y~
A ML, MR R ORE e A TR o
MUZHONT, RDa), B)DRMT, ZNLHIFREE DO E
REFTERRR LT, 7ods, SORGMMTERIEE & 70 D AR
[ZRWTH, BT TSRO TABIMAER 3 2 KRR EE
(F09SEETH Y | B-HITRIHE RN & FBE OMPENE

BRE — — BDRRADEE |
Anoo(lyo@
@"5&‘

[ —o=FEMm

0 0.1 0.2 0.3 0.4
i (m)

B4 FERIRIRODERE ~ AR
Fig4 Relation between the seismic intensity and displacement

&6 BEEARROERGEORET
Table 6 Reinformcement study for the entire bridge system

#®it WEITERE
-2 | (BT ME- fRHT A E) Ak FTAJIb il

1 |HEEROER BHMARDHOERARD (B8 OREAKRENL D, BR[| HFHIHEOBE O EE
(ERASFERTET VL, RO TEREQO RS | FEA RO TIME BE|LEBINDH, HRARL
(Z587m) &FEhb, BEERDEDHD. O EMEMRT BRI
EAYRFELY,

BEShIREHBR

2 |ERFEERICEHHE | EMHIREEIC, TrLF— | EEHIREEAKRRILS [/ —AHAEITEHIR
- EEAORRER | RIRHEOHLEEM EMH | L0, B - REAOREN | MERSREREL, £HEA~
(NALEUN-DER) |BhEEIETE VIS —HTF | —RABLYRELD |DEENKESMEFRTIES
BElrd, AN H D, N—ptRNER,

3 [RADBEADEE [ARERE(RELICENT [RERMEAREAE LT DD [RENREDLL HHERE
BEOFHE EZ10 BROBENER (TTIEVOT, ThIEEXE|EHFYEDLEL,
shd, BHRIERADEN.

4 |XREHOEE
(XEOEEI)

EUI—DTELE S, HRBEOMR - REEDREA (&
N5, XREUMNERS (BORENVTEShAEIR
hofzth BEFOEMHE |MIESREXS,

[SHL THRAB BB T
BN B S,

5 [EADHTRARME |TAIROBUEENLIME |THAIROSHLAP—2ILE [(HEREFRH B0, ERG
BOBWE D= [HNFa—=2 T TEUREE |LTRIRAMEITR 2RSS |FIAO A v b EBbh
i | ELTRBLAHAREE D, H%. 2. BRAEFMERNIEHE
HITHS.

EiENHERSN

X m K W



1 -
1 i

(@ {AmEE

b EmX
-5 ZAIFIRRMEE
Fig5 Displacement restriction devices

RE LR ATHE &I U AR LB L LT,

a) BT ORISR

< BNTEOERICIE, HTEZEC XD TS~ E R
Bi<Z & BE LT, ZOfiliEE 2 e d 5,

o ZE(EH A A G T DRI SRS T2 R EE &
T 5,

« BNCHIBRAEE I MR T2 5 ) (EBRAI15000kN) & |
ISR 2 5% L2 SR COBEIE (2408
AITOT 2150%, B O AT AR DK 2H55 D
500mm) & SRERORKIG: (BESRM) L9 5,

b) A ST ORGSR

o SEROHIRISA e S IAEE TR E R T &5,

« SORZEE(L LRV (S 10 CRrE L 722207
TR I 2 B L7V MBI I, R A 73
TR EEALT D KA B v 73— LoL 2RI 2R
Wrd DRER L 72> TCND Z ED D, FEHE A T S
I EGIE T R
BEtORER, BArHREEORERINL, LR Te

SR34TEFTD 5 BFERNS, T YRR CRITR3M4ETTD 9

BAEANZT B2 LR TETZ,
72E, MTEEGHI BV TIX, HIMERhE A S, e

FITAENE 72D L DI, STRKA Ry /=& T 5

Z el Lz, UL, S Lokl 28 Etsic L v,

= WA v N 1. S NSV D3 2 111 VAR VY s o YN =L 1

17O ZERREETHD Z EPNHBA LTz, D=, Ik

ARy 28— Lo L2 MR S AR, SORAMEHRE

AN EESIE L 725 T2 5E 1T OV T OGO /12

MREDVE U728 Lz, ZORER., — oG cIs

BT RE AR T 5 b ONE LT, LIBT3

Vol.40 No.125 2015.9

A7 VB EFEMARNT 238 ) L CIBE 2 R LiE LT
WEBZEAT T2 2 A, MEAmET D2 L 2R LT,
PLENG SOKA N o/ S=MERrET, SORDEHHE A
FANZEEDOSFRIED F FTH - THIM M EIXE
WEHIBI L, SOKA By IO FET 5 2k &
L7z,

(3) tEHIOHR
TEERII24 (1) (R LIZRCEN. CTHIEAL L,
RCEN.TIEIF250mm e L7=78, fHREICHER: L TV 516
BT, RCENLTIT LV BEEEE R OREERIU A A
5252056, B60EEY, ¥R ~— A2 b
ENNZ AT L DEEE MR (LT [SRSLEl &
9) R L7z, s s UL, R ~oRE)N
TEHIETHIMLIRN K 52T D721, CANM iR
e Uz, 7272 L, BIMEREDS R 0 22U MBI DUV Tl
HHRTEIET A% E L, T CTHIMMRE & 7 DHEI
DUWTIEHRIZ L 0 BN 2l mgkih 2 7 —F > 71z
B S WMt HR & Uiz,

T 1 RELREI (ISR RESAT)

Bigka o) —k

2. Bh A A EkFH T+ T
3. BB SFHELT T T

4. TS5AT—FHT

5. PCMIRAF(FEL T 38mm

A A

6. T5AX—EHLT

7. PCMRAFIFEIITT 16mm

<«

440

B/ KB TE TS (TR L #iAE)

|l 450,

N

X6 SRSI;%EBrmERX
Fig.6 SRS method

@) PRRAFERA~DOXIES

PRI DTE R E M LT T o Tl i s o L
T, EEHUMEOIETR K OB B ERR)E W CHRRE LT,
FERANZ, RCEBNLCIE, Al S E E T &
DR A = 2 —CHTRGE T FE ~ ORI N2 &3y
Molz, 7ed, FHAMFEOERTIE, LYl 2HiEEE)IC
5t U TRkt S 3 I X 0 R STl Y, o,
AP E o TSRO T R R EE S S
5O _FEEICRW TR, B IS A LT
HEWE SN, AETIZZORMCBS LT, LT
LB, EHBLHIEHSEICOWCIIEIE CX 5 b0 & LT,
TG BT DB RS T L ORI O —&
ANy I8

23



x-1 WRSGHER—E
Table 7 Outline of seismic retrofit of the bridge
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Peeling prevention method for high pier PC bridge(Kameura Viaduct) damaged by salt corrosion
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30 years have passed since Kameura Viaduct (PC bridge) was started to use. It has float and crack by reinforced corrosion because it
has located above the sea and it is damaged by salt corrosion.

And, this viaduct has located around special area second class national park and ordinary national park area, and located just above
prefectural roads, parking lots, promenade and fishing port. Therefore, it is important not to drop concrete pieces. But, to drop a concrete
piece was occurred in a part of the pier. After that, emergency inspection, temporary measures, to repair the deteriorated concrete by
section repair method and peeling prevention measure with surface coating were implemented.

In this paper, a peeling prevention method for high pier PC bridge damaged by salt corrosion is descrived.
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Photo.9  Surface preparation by vacuum blast

Photo.10  Surface preparation by disk sander
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Construction and considering the introduction of next-generation mobile radio
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As ameans of inter-base or field communication, including the site and the traffic control room at the time of  traffic management and
traffic regulations and disaster prevention, maintenance and operation of the mobile radio system of the MCA scheme using an analog
wave at the start of service for each route to have been. Update the mobile radio equipment that has now dilapidated, carrying digitized at
the same time, the discussion study of the system construction of the design and use forms and necessary function by utilizing the IP
network that is leading development in our communication line maintenance plan since went, I studied as well as reporting the results, etc.,
and is configured to perform the operation method and introduced future development using next generation mobile radio and new

features.
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An Investigation of the Cause of Center Stay's Failure and its
Countermeasure in the 1st Kurushima Kaikyo Bridge
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Yoshiaki Mizokami
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Center stays are installed in the 1st Kurushima Kaikyo Bridge, a long-span suspension bridge with a center span of 600 m, to restrain the
longitudinal girder displacement, which contributes to prevent short-length suspender ropes from inclining excessively and thus from
being bending fatigued. The stays are designed to intentionally fail at rod portions when 60% of a design seismic tension force, equivalent
to one in case of an earthquake with a return period of 25 years, acts.

Failure of two stays on the outbound side of the bridge was observed even though the stays had not been subjected to the design tension
force. Besides, the failure occurred at screw portions of couplers at the rod-to-girder connection, not at the rod portions where its cross
sections are intentionally reduced to induce the failure. An observation of the fracture surfaces revealed that the failure was caused by
fatigue due to cyclic loading. This paper presents investigations, such as observations of the fracture surfaces, performed to identify the
cause of the failure, fatigue damage estimations performed by measuring acting forces in the stays and countermeasures to be taken.

BHEEME D) ARRE SN TV D,

1. #\E
960m
1.1 REBEE—KEOEEDEH pon 140m 600m S 170m
TSR — A (LUF TEE—KAE &vvo, ) 1 TP+116. 5m —

00O IR E o DR T, A S LT (T il

TR SPERRDIBFEE L 72> TV D, (R—1)

F7o, HiEITEXH TRERIE TH 528, MREREIE,

BE— UYL 510, MR b Coemdssiin & WE © o
B L SRV E L TR Y | HUROY T MTIE BT REBIRE
77— A FEHE U-FRPASEM CAF [0 S X Fig.1 General view of 1° Kurushima Kaikyo Bridge

Vol.40 No.125 2015.9

41



1.2 ®UA—XTADEE

B RO Z—2F A uy B UUTF Tmy B &
VNI, ) IR ARRURER NI e MU ERIRE AR TR AT &
T =T N ORI ERZRIT 5 2 2i2E ., v
H—r = TR L DA 358495 2 &
ERHE, N =T ORGHE AR b O LT H
F)TRRE STV D,

Y

BE-1 F—KEEKEKR
Photo.1 Shift of Inbound Traffic Lane

ZDI=, KPR P11 L HIEFITRE R
*UTIE, B—212m3 1y RO/ N2 3\ Tk
Wrd % 2 & T, A —7 USERAHE M S
XIORBEFEN TR Y, FEERTERRIZEIH24H O35 TH
BB TG E B 0 I L= 2 & A HER SN T
W5, D

ZOXHIZ, vy NIIEWT 5 Z LR STV
72, WA UAARE R UEE e —7 1Y 7 v M &
OVERE B TS SNAEEIC 7> T D,

210
50 230
| 280

185 50
235 P

MWM@

130
695

M—-2 REBRFE-—ABELVI—RTA
Fig.2 Center Stay

42

2 RO A XIFEM56 X695, $EIZSNCME25 (=
TN a LT ) TT ) T, BEEEIENIZ TTe0 X 60D
BRI AL T\ 5,

2. WHRRRR U ERER

2.1 FEERRR

Sk 26 4F 5 H OFARFHRRIZIBOTEH—KIE T 0 #
Yo B —=AT Ay RAR—DEBIREFRR L, oy Kl
W=z LT=E 2 A, A6 AN . REH
(AR ZhEhona y R LTS Z & 2R
Lz, (BE-2

AIEM, REMIE BT, BEErEIE e v R e —7M
Vs NAITT—BEE D TILADRUESH THh -7,

Askn v ROEEFIEL LT, KEFBHERIC T »
RS MBS T OB BRI K DIEMRECH 1 |
Al OISEEREIIRRET COMEE L I3 R 5 LD Th o1z,

7B, ELIZFEOEETHIE . FKEoty
H—ATANZONT, Ty RIN—OIEE s LT-4E
B OBRENENT L AR LT,

ARIOmWT » R, BRRo &R0 Pk 134 3 HoO
FET R TR LASHR SN B DT, 13 AFFRE ORGHE
AL & LT L\ O A E HARE L b ey R
HSR D i/ NETTRTER C O CIIMENZ LD Ao E
N2 feadd A= Ol 2 3 5 2 & & Lz,

FE-2 U4 —XT4 0y FEEKR
Photo.2 Failure of Center Stay

2.2 HAEIR

JCAGEIR T I, Al L7255 —KAE T 0 Sl oo2f& T
DOEIREAPET, B L TR0 BV Fle » Rizo
WTHEHEIT, B0 L7z B filo e v R, 2
BRERBR L O RERERIZ L 0 . B2 EZkn
N AR LT,

L UT-v y Rid, ETHEEHERNCREYEL TRz

A OB W



Tl > REfH L, B, KRR 2 —AT
A DIEJEER ATV WEBEIEIH L7,

3. WO FOFMERE

i Li-m w Riceh LC, isRIN 2R 5 2 L %
HEIZ, Mo~ 7 o BZE R OSIMIZ X 5 < 7 n @i
179 & & bIT, MENRXMORREZ YRS 57290,
W2 LT E#Mile > R 5D, ARG 38T
(2 L DM EOMER 21T - T2,

31 MR

2R HTRE ROV T, TS G 4053 FhiA i
BRI 1R S35 SNCME25 DHIASIE & Eri L= &
A BUIRTERY, 2 TOMSITBW T
DRERCThH T, T, BYERRORBERE AL T
WHZ LD, FLWEENEN & (LB K D0
DELINT LD, MERY7FREIT R &k Uz,

3.2 IEETEOESE
() ~7 affimBleshi R

A — A% O~ 7 nBlEREREBE -3,
SIEML KEMBIOWT IS SRR RS e BT
~— DHEREND Z EMD, MV IRUSINZ L 0 ERR
DR LI-bD EHETE LT,

UWNTALOWTE B AR (180°) | Z S RIS A Ak S A,
BT~ — 7 OFERD AR TR 5 & aud
T (00 THDHEBEZLND,

180°

(L)

C &R : ERAEERURTAR (71 > 7)

(AL I3 HER iEmdkY 30.4m)

| (RT3 UHER Rk Y 23 .6m) | g
B &% :
15 Gm)
| RbSAI-vasiB £ALY1am
0" (Tl
BFE-3 @ (h 75— SERY SN BRRuE
(BRR 7 —IL#%)
Photo.3 Fracture Surface and Locations of SEM Observation

(RFSAT—vavkR Baky]

x—1

Q) SEMIZ X2 2 7 ek HEEIESE R

AIERIORE ISR X D BERRE W=, iEE
TEDFENIRERNS TE 2o T2, DT R EAN DR D
BIEERA LU TICHRAR S,

L AT EE OREIRRIL L 0 | KBGO B A L 7=
NOFREDIRINIRD e o1z, BE—NUCIEL
DOHLOT, FHEIFHEA A N TA=—ar (R
PRAFEE) DHER S, 0 UGS L0 ERsERE L
7= LHWTCE B,

Fi2. BE -SRI RIS Tl FEPEm 2R
78T 4 T ERROBER) ZHEE LTz,

BEE—4 #HEEO SIMEH
R (EE-38B
£3 10, 000 1)
Photo.4 SEM images(pic3 B X
10,000)

3.3 e

BE—-6RTHMEmcBWCmao L, <27
BB OSEMIZ LD 2 7 n#igia1To7-,

KEBOWIEBEROM R EZBEE—-TRT, Wikn#lss
DFER, EAITAUEDa—F—EThH Y . MilEN
GRS oTz, =y T U TR ORI T
%, —AZRBEABER L ORI CH 0 B IR b/
ol

Zofh, By h—RES, 1y N UHORERE
B, W TREER A 20 L7225, WL h B IR &
IRz,

TNHOREREY . HEEINAMEICESRET, 12
UJED a—F—i A A L U TRisR LS L 582N
e |\ TR L, b L7z A3s RN 2 Hi7e < e
0. BRI L= s E 2 BD,

BE-b RIEHEETEID SEM
R (BE-
3 C&B 10,000 1)

Photo.5 SEM images(pic3 C X

10,000)

R S HTHER

Table 1 Test Result of Chemical Component

i b2 45 (mass%h)

s c Si Mn P S N cr Mo Cu
=af | 0 24 0.28 0. 49 0.01 0.008 297 12 0.17 0.03
xBE | 024 0.28 0.49 0,01 0.008 298 112 0.17 0.03

0.20~ | 0.15~ | 035~ 300~ | T.00~ | 0 15~
< < <
LI IR 0.35 0.60 | S0-030 ] =0.030 ] =55, 1,50 0.30 | =030

X BRI ORI OB (1S 6 0321) (& & DA SR 5 L Bk At

Vol.40 No.125 2015.9

43



LT CRRRRTT T T TR T T g

BE—6 BEERsiE
Photo.6 Locations of Observation

BE-] ME<Y ORUS Y OHE
Photo.7 Observation Image

4. WERE CRITRGE DR

4.1 HEA (FliRRER)

HREFRZEIL., ﬁé&ﬁxﬁéﬁ IR &
BLITH e L, T%%—A%> A% DEER

%ﬁ%@@¢%@tb@ﬁﬁ#@(?ﬁﬁ§)%4yA

7 A TITo Tz,

BT, BC B W OERIEIZE Y 7 v RICEH

T DIGHIDIRIEZAHRET D 72D, AT L TR B0 R

(BIRED M= > RORSIEHE S L=, 1557

TR OB =R =3I~ T,

ISFTRHANC L 0 LU OfE SR A 157,

O HBEAFRERICAS TODISHNEE L, ST1H{H
DUVAZFHE TSRO e —7 28 %2, FRToL
AR $%%ﬁ%é&&%ﬂ®mﬁmkﬁﬁﬁé

@ HEOWITIZLDEEG ey RS R
100Nmm2Z i 2 5 & D%, 4057 T12[EFH L 72,

@ WHrL7=FodMile Y FCiL, iehe—2 282 %

44

VAZRIFHTIZBW T, BROY 7 M XV L=
O RMANZ AT M2 BE DNE T A 2 S 127 . KAk
JETIHEBH & 725 TN D ATREMERE 2 Hivd,
FREE Y BB K DIERE OB COREIIED
ATREMEDN B 2 DIVDFN D, FEHIRAR R L LT, 72
M e K OV R EL S o 2 S OB R oD SE 45 % N7
Eyt

Hh R 600m - 70km/h=31sec

o [MPa,N/mm?| : o B

15 <€ >
; !

10 i 103MPa |0 v==15.0MPa
L "X

! =~ ’\ R

0 e “’,.- “-E - \i : o~ \s
| / i

W 5 |1 1895MPa
=5 F'FE@IJ VL]

o E " o \ETB15MPa

5 126MPa | Teaied

oM 45 A0 W5 40 a5 40 4

K—-3 FHEABFOLIEE (29 0—1)—5H)
Fig3 Stress by Heavy Vehicle

4.2 GHEHA (7265REETHRIR UM EEETA]
IEREIZ L D1 v RO PARN LT 5729
BIREDOR v RIZBWT, FRR6HFTH29~31H £ TD
T2 EGE M OVHIOK 825 2 O - A BB K B %

S L7,

FHAERTIL., B KB 2 — 2T A 2y FARKD
BoRKEE XA —AT A0y R2RE LTz, 77—kt
ZENE, BETERTCd D0 UEICER S — D& AT
HZETTE RN, HIFEO T v RHREOEHT

(0° (Fif) . 120°, 240°) ORBHFENZ O IF—
TR LTz, fEHIOT A — VAT E 2 R —4
\ORT,

728, B RBIZOWTIRAIS DV NN T LD
RENTT2D, F—RKIEDRERIZ DWW T FIZl R 5,

SafE

x%ﬁmﬂﬂmTTmmwhwfaﬂwﬂﬁmW”mw||Tm
ou kD ﬁ LR%
T

;g 1
= o
[ il
LY
o R—RTA

Ay KAC
/'T‘g_"

Oy K ithhm 10
b Sy 4
ﬂ__u,;mgmM - ]
1 7 1
o

—4 OSHT—IBHIER
Fig4 Locations of Strain Gauges

Oy kG

0

A OB W



22K a y RIZBIT DK, S/ OTHRETRT,
R, B/NOTHRORBAEIMW AR SN v RD
(FOBASIRHED D00 (7 KRS (2B WTHRAEL
T%D fDOFHARIAL & DFENRKE N EnD, #iIFRL
L DRENREZ BND,

£y RIZBWTHE B TR OIESHEELZ 2T D00E
RS D720, 3ROFHARE R HE Bkl D
KIS ZFE LT,

ZOFER, Bl L1 v RC, DIZBW L i (00
\ZIVMEFT B I S D ZEABEE D e b g > o T

Bk DI FME ISRV, ZO/EDISIE
@%ﬁwé%m&bto

F—2 T2BEMEEHANER
Table 2 72-hour Stress Measurment Results

- ) = RAIGNORA
1 iz &3 (;fa, ) ﬁ;’{“” sl
0° A-1 135 107 |
AR 1200 A-2 121 93 | 4400
t 240° A-3 92 69
# 0° B-1 89 136 |
St 120° B-2 79 121 -a0e
240° 8-3 78 122
0° c1 123 133
KB 120° c-2 95 87 +5°
UT 240° c-3 93 76
@ 0° D-1 113 218
S 120° D-2 65 61 | -10°
240° D3 83 59

4.3 FEMEEARIC & DI D E R DRET

OFHT =V OUFTTALEIE, &y ROPRETHY
il U723 CICES CRAAI L 72 b O TIXAR W29, Bilik
FEMAEHTIZ & 0 I DI T ) & 7 — PREHTERODIET)
HBIST R RAREE RH L, FHIRERICSR S 2 & T
BT E OIS NG LT,

Ok (9

2y RO 77 — 22 et ' 7 LV & LTET
B L. PUTfRT = — RABAQUS % FiV N CFEMFRAT % 32
i L7z, T MXERK -5~

T MUZHTo - T, il v RORAHET 572
b, EREE L FRRICH 7T =B 05E Y R Uik a3l
&L, BEUARNLTH D UEREOLIE, Ak L
7oy RoWiE~ 7 2 58 HFH L7203mmE L=,

(2) TSR
RLET UCHT S R GEAGETJ245kN) A #
W LGB ORKTIS a2 —%#R—6Rd,
BHOERIEHN IS, 777 —15H DR LER
TSN RAEL TND Z L 2MER LT,
ZORUESS) &7 — VRS & D AR L
FEAL. 616.8Mpa/1688MPaJ V) i A FARELIT3.65 L L7z,

Vol.40 No.125 2015.9

| st , . ﬁ&ﬂéﬁ%ﬁﬁiﬁ{%

Lo

(B 1411 <5 3R (245KN) |

K—5 fEHTETIVE
Fig:5 FEM Analysis Model

s, Max. Principal
Gy 75%)

1Lk : 616.8\Pa

§§§§§§§§§§
Saifgiiccr

-3
Hed
S0

X—6 fEfTHER
Fig.6 FEM Analysis Result

44 BHFFGROHTE

S FFMOREEIC DT> T, R—ATTFT Ky R
DERIGIIOFEABEPE D e b i\ AT B0 8
JEIZ, RIRCONSIHEARE A U7 %) Dz L7kt
JEEROICERE & U, BFEEAERINC K 0 SRR
BRSO, I FFm A T LTz,

B, BESHIILA 7 e —iEE V., SNERXIE
SCHER3) 1R S HSNCME25SDOSNAR (B—T7) % vy,
BIE~AF—HIZHED b L LT,

7o, AEAW-SNRKI OIS EEBHIE, SRR S L
IRo TCND7=0, T Llzay RO Ly— KD 5R
E (6,) =1000MPal L Chis /Tt CHAEL L 7=,

45



ERRAE & TRRAEDH R E S % SOFRIRFERDIR

1
08 |
$r o smcmzs
01 @ SNCHM439 A
o L~ o SNCH44T i
L L )
2R06]L w9 =
é \\ x To et 0
05 |- o ~ N
\0 GWKZ;%% %:--h_
> '
04 0 > ﬂ\_\ ctr- =
= ™~ g, 6 g ""'-.\ =
031 q=d \'h-..:
02 B 1
10* 10° 108 107 10°

MIELE N
11 [ HEEFIE MO THRS BRIEM (oo/os)-Nr i (2)

X—7 SN#RE] (SNOM625)
Fig.7 SN Curves (SNCM625)

il L7== > RD (R0 #pfsdil) LHEEOE -7
2y FB (B YRS OISR A T U CH
U742 UERENZ 38U 2 S STl OB S5 h it R 2 R —
8IT~T,

Ay B (EYHR : BE¥RAL)
1.0E408
1.0E+07
1.0E406

'E 1.0E+05 -
E 1.0E+04
® 1.0e+03 fi
1.0E+02
1.0E+01

AUt UM
1.0E+00 AL L -. ”| . ” ”“]['I

1.0E+08
1.0E+07
1.OE+06 -
2 1.0E+05
i 1.0E+04 i i“
% 1.0e+03 I ”l
I

l

(Ul

1.0E+02
1.0E+01
1.0E+00

5
5
5
5
5
]
5_
5
5
5
5
5
A
]
5
]

107
142
177
212
247
282
317
352
P ===
o E =
457
492
527
562
597
632

I 7IEEE (WPa)
X—8 SEESHHER (Aw KB D)

Fig.8 Frequency Distributions of Stress (Rod B, D)

SR ZBEE OTCARITI IR TH DA, Wb L7-
2 RDTiER v FBE g U TRt NS 75 Ai A3 s
MWoTEY, BEEEENEERE o7,

&1y RIZBT D50%MEEME=RIZ 81T 2 F 7t Rk A
R—INTIRT,

FHETIIHEMDOYENDMSFEL Y | A=
T A RTREMES EN T EAVRIE X U7,

B, EEOv v R E COFERL, kI3 A
ICETHIRRIC K By RRHAZ L TWD Z b,
T2 SRR ST TRk265E6 F £ CORIIBFERLE TR

46

LictbDEEZLND,

ZZ T, bFEMOEE Y RDOFMNIEL 72D
£ O 7eSNIRARRE L, 5777 T % FEE 920 L 7o 45
RER—UTTT, EVHMOE Y FA, BTIX4004-LA
EDFHMmEY, vy RDOEMIEIRHEOFERT
HoT,

=3 SOMRRMEREZE > -FMmatERR

Table 3 Estimations of Rupture Life

. i FmetE
Ay I“ i*ﬁ*ﬁ{ﬁg (ﬂ':)
A 5.33x10™ 18.7
B 2.88x10™" 34.5
C 1.66%x107° 5.99
D 1.25x 107 0.8

x—4 Ov FDDFaZEI0FEL LI-FERR
Table 4 Estimations of Rupture Life supposing 10-year as Rupture
Life of Rod D

P

Ay K | RmEEE | T
A 2.32%x107° 428
B 1.04%10° 952
c 8.81x10° 113
D 9.91x10™ 10

5 EHFHRBEDRE

51 xtERAEDWRET

P TRIE % 560 DA R & LT, BLFOHIER

Ez bbb,

O UHEORERKE < U D EER S5 ik

QLA & Fp o T2 VBRSO S 2K S W 5 071k
OO kL LTE AUEORERE L TH1F0, oy

RABA BN S® 5 Z ENEZ HNDDN, Wrikifs a5
SEDRYGE,. Yy NEWNEEY Y DT T — D RN
WoBE7R B RIE eSS B L 72 5,

—Ji. @DHETIE, R UERDEFERENEZ B,
2y ROZDOFIET LY . KE 72 AE S AE HSASEL-CRPI
DHEIIRS ThH D EEZ BND,

THRDIZ & D &, B—RIEDm > R EITBER R D
“ANRLTIE, RUERDPENKE 2D LIGIEH
RN T2 L OFEEAH Y . [\ U XD KRR
HIUL, EWHEMOUGE SN D RN S 5,

72720, BIREDO LBV R LOHBARE S BARDH0
THY, F—KEOay NIZZOEEMHHTHZ &1L T
X7z, RUBERE KE K LIEBAEDISHEF O
VEh R B~ D 1= OICFEMARAT 24T > 7=,

5.2 FEMEE#TIZ &k 4 LIERERIC K IR FFHDOTFHI

FEMAEHTIE, AR O HRARE R I IV /- FEMSiZ
HrooET L0 LJERAZ0S5mm, 0.7mmE L7227 — A |
DN ToT, AT a2 —%2F—9, 101077,

X m K W



S, Max. Principal
(¥F13: 75%)

T LS : 521 3WPa ‘

]

K—9 FEMfEfrRAEEAT> 42— (RD0.5)
Fig9 FEM Analysis Result (R=0.5)

%—vam%mﬁ:w&M%|

S, Max. Principal
(49: 75%)

1 CIEIG A : 464. TWPa

+2.67e+01
-2.19e+01

‘ f—SEHBINGN - 16 8Pa |

X—10 FEMfEMTERAREGATI 22— RO.7)
Fig.10 FEM Analysis Result (R=0.7)

IS REARBUE, 365 (R=03) 75309 (R0S5) .
275 R=07) &S TRY, ZoREAWT, i
WrFam TRV The b MO E > RDIZ OV T
Wi O THIZAT ST,

fERAER—BRT, RO3%1E LA, ROSTHO
fi5. RO THBOMG DT FEfm & 720 . JaUJERDILKIC
K DWETRRITAN THD Z & afEB LT,

£—5 1 CERERIC &k DHEHRFED
Table 5 Difference of Ruptue Life depending on Screw Radious

RLER |7—CHEN| B LERA | mhHihE | R ES
(mm) (MPa) (MPa) £33 e
0.3 616.8 3.65 1
0.5 168.8 521.3 3.09 8.8
0.7 464.7 2.175 29.6

6. SEROMICHE

6.1 FEEMLTIS

F—REOR L H—AT A1y ROEHHRIKE LT
UJERZERTHZ ENAITHD Z L 2R LTZ, &
BTN THREE ORERTIE, — N4 U O FHANE
T L VESEREW T EVEN LTV AT, BRI
DD AR N ERHER LT ECHARZIGE L, A otk
Bovy REEWETD,

Vol.40 No.125 2015.9

6.2 XKEXKEBEtUH—RATA40OY FOESR

SREEE 2 —ENO MG TH L RKEREL. B%
HENRRECHY, ¥ —AT7 M ay KA LT
5o HEEITEALDZEOD, vy FMERFELTTHY ., T
O AR E2 AR I SN A REIREE T H B 720, O
FTHFRZEFER L, 7> RORSTHRIESIS T2 Eh & it
L. JEIRED ATFEMEC OV TR ETT D,

1. F&EH

B KEOEL X —AT A 1y REFHZOWT, LLF

DHLZSET=,

O W L7-m > Rk, MERZ2BIRESE RO K alE
YN,

Q@ WHEEAI=AAIL, vy FRUHOH 77— 11l
HORUERIZIRT 5, AEIEEIC K HA8)5 )
EITVER DR O FHEETH D Z L it LT,

@ IJEHINC XY BRI, SERRAERR) S ETE2
HARAOT O FHFEROT=0, T 0 M~ OfFHeRRE
SR vy RAMIEWT L7 0 SMUIORS %G K
XL BT EL vy FICHIFISAMWER U5k
DREE EHE SN D FRDISHNKREL b 2 &%
R LTz,

@ FEMMENTIZ L0 | il L7232 UJEREB OGS A%
Bk, T2WEELERE R RS SR A T ARG
K VT FEA AR LTG5, R C gk oo
DAREMENSH D Z & M LT,

® JEHIHEAREITNR UERZ K& < 5 2 L TlEN
FRETH Y, IR E LTHRITH D Z & s
L7,

® FHr—T7NOFEFENIPRE G KKE TSR
EOFER, AT DICINTE KRG L i L&
<L BB BEKEE S BTSSR 2 R T
Z e EMER LT,

ASBITKEIAEG COR TGO FTREM 23 5 & &

BT, F—KEDOE v RIZOWTIE, AMEIHEHE AT E

T 5,

SE R

D bR fiE. BT v U 1L PR K ST
RIS HEREBLI & SR B —RiEE v 2 — 2T ¢
2y NI D IEE, SRR U S5 10455395
ppl31. 20039

2)  IRFESL  JRFTRIRA~OBRL (SRR T — ATEE)) |
APUHERV0L38, No.121, pp33-34, 20139

3)  SRMENEIREOREEE (1)  (SUEF2RR) A
7 22p60

4 PHHIEZE SN, AR, B2 v v
129.42 L pp670

47



Rt 42— 7=Za7ILLiR—

HPRKE D RABOMMEXSE

Study on Seismic Retrofit of Seto-Ohashi Bridges (Truss Bridges)

RAERMz 52—

BIE - MEIIL—T ) —5— & K 3]

Susumu Fukunaga

RAIBRIz 42— #8458 - MEIL—TH T ) —4— o F =
Chihiro Kawatoh

1. BIREMRURER

HFESGEDF G Ch AW RIGOMEMRIL, k24
FERE O E TR TRlAl S41, ERR2SFEED RIS T
2 DTETHD, W RGN DAL, B
FREIFRBCH D Z LITNZ, BRI o
A DERERLH D20, T SBROMERIT
FEREH 2 —Z2 i, e, St 2 —NR
—RE o THEMmL TN D,

ARaE, WP KB OMEMRFIGHERD 5 6, Fk26
FEEEICIN ARG, MG A T o 72 b 7 AMEDINE
KIRDEZ F ErEF L= b D TH D,

2. THEMRRE

2.1 MEEROEHE

BEGo 7 A6 LR AR —1OTRT, 2

HOMGEIE ER o LB ERESGEIHB CTH Y . ERG
I EOm HHIHZE 2 DER 5, MRS

720, BB EORE/ & MROEBAE TG

X E BN DR E e 81 OGS THIZT 575, &
BRI E OIS ESCIRD . 2) B STz,

2.2 THEAROELRTE
SEROBEARIIER AR OSBRI TH 5, MR
(C XD EDINIAERITS UCHRER, HIE, RAEEHE, #

WROEHEFEDLRRIZLY | MiTRMLEEI A R

BT, BREEOINE AT 5 Z L1280, TR
EAORRE AR T D L 9D, BURIR A R AR
Fhiti L CHIREZE LRWERTORZfiRT 5 2 L&
HARE Lz,

HIRERALORRE T, MW LIzl T, LS
SIOEM OIBENH T DA, T OBEEI M L,
FAIOIRET D Z ENALIGEEERE . SEARTFRC
WERAEfEd b & Uiz, £, #iREM OB IE, A
IVIMEGIZE Db E L, BIGREAIATORWb DL L
7o Fiz. BEZMRE LRWITEEIL, M RE21T
HLOr L, MRIESTRREM CEET 2 b0 s Lz, B
— N STRARTRE X A7~ T,

2.3 LEIOmEHEEAE

BIFRARICIT, SoRaEb, RS v N— B
W L—RERNDH D, RO b T AREZHONWT, ST
ROHIERNI, i L ORI & amat LR, '—

NIRTMEMRO—ICH D L0, b T AHTARL

b, RS GE L, fIEY =AU,

I 7 ZEA OEMAERT IR, ARE ORI &
AR (AT, AREHEEMRE VD, ) & BEEARED
M b2 BRI E T DWHE T A—2AEwERH Y, Wik <7
A—HUEREE LT, Zhud, GRS Oy
TGO RRA 2 LRV Ch D Z &2k b, Wi
IRT A—BYCEIL, HUEIEEMR & B 0 BT 1
A CHE b SAVTW DB < HHRERTE D e MR
ERBIEDTHD, Lo T, Wi/ T A —HUEEES

®—1 FIRBE-E
Tablel Truss Bridges of Seto-Ohashi Bridges
BE X EI(m) iR X KD E
BEEBERBNRE 100.9 FIRHTR AR + SRR STR A D 454

272 AR 125+137

5BiE

EH R A SR+ NS REM ME/ S A—F%E + RCIBHIE AMTHHA

3RMER | 175+245+165

MR ERM BT E /NS A—SHE + SRR SR B DR

EDOMBEEENSRE 150+180+150

FIREBMEE/ ASA—FRE + SR EMAREIEEHR + HIES /AR E +HRRESIR B D454

48

X @M K W



— 1 SHPRhR A& &R A1
Fig.1 Example of seismic retrofit for bearing

L 1 1

[P e o oo o ‘ - RRFL
e = =
1 T

B—2 ##5&) TSk BE/ NS A —FHE
Fig2. Seismic retrofit by adding stiffeners

L., Zhzif L ChIBELRME LRWEIZ N To
Fr, WUEHEEMTRZFT O HO & Uiz, Wik N7 A—Hik

IV ZT | T T VOO T R EE TR DX
RS E I LS D720, BT Ko7 7 EE
g Dafinhz AL LT,

—Ji. N7 AEM OB ~OMTR Y 7 OB
I, T RV NMCED b L7000 HIFLEIY g
FWIEPICIED Z & RV MDD OKDPRNIRE, B
FOEOMERH D, ZD7d, BEFRmOmMRY 7
BUHERE, NERA RO ST 14 B BN R D 72012
NVETET LD LTS, Fin, VOB AR
T B4R 7 EBHT M o E =2V > 7 H
D L% TR & LS CIIRFEBMIZR T H
DL Lz,

2.4 THEHTREET

(WHEASEEE S RE

BIRRAS ClE, 3OS D b7 AEb, SRR &S
\CHRENZFAE LT, HBIETD T AMMD 5 B, #E
I ZERFO—EBIL, BB E FEROS ﬁ#ﬁ@ﬁ&%ﬂ
TEYMEESHRR, ZD72, BEROXRIC
ﬁﬁﬁ%%ﬁ%%ﬁ#é:&%ﬁ%bkob?xi&ﬁ
HORKEZ IR, Vx vXT v K DTN ATRE
FHTHD Z D, BEA~ORHUZ LV ELEX
LHEHEED TV D, AR, ghEia i, ERAT
BEIRR L REBOSIHEEITH, L —/L O RZ

NOWROFE, T % v X7 v 7 OFER ERatni 2k
(D= DM, ERRIEERO THEREL Hfg L, et
Thd,

—_— DY ARRILNC & B H B R E D4R E AT

— ML TRV &K BB T E O E AT

wn o SIBRRKRZ AR E AT

Vol.40 No.125 2015.9

QE5EE

B A IR & 3R TR ST B, BRI
PRSI CIE, 2R I3 S e~ EA A E
:&ﬁez%\maﬁ#k%<ﬁb\aﬁﬁﬁﬁ\ﬁ%
DORRFEHRE, ZO72, 28RMENE, B oM
/RO OUEERT 21T TR Y . BIfEIX, &1
T ERBY . BIRFRO—FETH DHEEOK & B
B % . BEDFE D EITC OV TR N T A — 2 2L
TRAT O FIETHEFZHED TN D, £7-. RCENHE
m%ﬁ@#%ﬁ%®t@\ﬁﬁ%%mbfwéo:@;

(2B MIERIL, MRS K& < Mt EREHCI
%:%ﬁ“é 7o, 3EERRES & 0 ARTFEN O THREFE TE
LTV,

BRI, BURARIDIEAR L ONELS | FHE
FEORE - 7 A5 OMisR U 712 K AW ST A — X E
RREATH Z L &L, PRRVFAA ICTFRIESN,
Q) BDINZZEE ~ 5 R

BIMRAEOFER, BESR -3~ T BBTAMIOLR] K&
OVRREIERIICER R U e, MR & A AfRE T L 7o,
AEIANLE T HBVa3PIC & v/ —Z k@ UL, 16
HF I OREIZIBNT, b T A B, SRRGER DS
BARP IR o B Z LDy oTz, ZHUTLY, B—

IR EATICOWT, Wi/ ST A — X B E Ofins
#1192 L& L, BEROGEBREEHE AbECTHE
HESNT,

3. SROTE

kT ARGOMEEIERENA L OMfsRiRR, T3
FHIERHRTFE TR A D TETH D, %I, BIfEmRE
FRAS TR O IR JABIL O G &2 T2, RS
T TIRFTEAT O, E7MEAEE. AREEORERD
LAFFED BIERIREIZI #2030 | SR EEZHET K
BEAROMEMIRRFTZ7E T SEHTETH D,

SE R

D) Rk, FroBuh, mEEERG MR A AR
BEHOFTE WM .« ARUEER, Nolls, pp37-38.
20109

2)  fEIKAED, NI, RIS - M KB ORI
APUHHH, Nod17, pp3637, 20119

BVa2P
Bva1p B—3 BDMNEEEME b 5 AED MR R E A

Fig:3 Seismic retrofit of Bannosu Viaduct truss

49



Rt 42— 7=ZaT7ILLR—+b

RERETLICESa9)—FREESKEOZEIE

Investigation of inside moisture content of surface protected concrete

AR 42— HE - WRIIL—T)—5— MR X H
Shigeki Kusuhara

ARz 44— BE - MRS IL—THIT)—4— (1T &
Akira Yamane

1. HREMRUERE

ay s J— MEEW TRAET DT AN Y V) ARG
(LLFASR) 12 LB bxIRICIE, Fimgds TR
BRTIELRERSH Y | AN UEERAECH RSN D
DKOBFAERLS Z LB E LT TSN T 5,
—J5. a7 U— RERDKIINT L D ASRE S A &
NoZEHLEZLNDZ LG, FKEFHETIZ X DNE
IKGF DFEHNEREDHE H IR BTN D,

KiARE LI X DNEKR S EOFHEIL, =27 ) —h
PERIARE W BR CIIMER STV D03, SHEEm
MER SN2, FDT), i BERIBOFKS
=77 ) — | (BE—1) |[TRmGE Lk
KOERER TIEE L L, WHEKEOZA LA~

BE-1 7—IJLR#Ea -+
Photol Cable protection concrete

2. REPEKEOAESE

TEIL, R 7 U — MZR— 1 DIEAEA~DE 45
AR Z LB B I EEAERAT w8 CIER64F2 A (i L
L7

N EKRIL, BXIEHR a2 U — MkSEt et
=B L CGIE 21T o T2, BIEDT=DDT Z
Bl o —d, FTEOIRSICHZRENTEY, B —

50

M Gomm) OB ONEEKRERD S (B—
1),

F7-. ar Py U — NEROKSEEBEBLRATNLZ LK
SyalE W THRIE L=,

x—1  HRAOLH
Table1 Specifications of surface protection
W EERES T & TR
A [CH(EYER) [V REEMATER265E2A
H#£B [C4 (LY n B "
H#kC [C3 (LY " c "
4D [C2(LYHE) |[#BKREIE "
EXE|C1(EVER) — —
5’*’;— 739%-&*/4}—

30mm[
MRS Loy —thk
AEEE

AEFRE 15mm, 50mm, 100mm
H—1 REPEKEIERZE

Fig.1 Measuring method of inside moisture content of concrete

3. SHEDWER

31 EFRBR VKR EIR

TSI PRR6F4H N BRAE L, FIERI DT — 4 2 HL
BLTHY, BELHkEH Th D,

HERHRIZ DU CHAAS LIRSS, PRI E KRR
FE< . RE100mm THIT%, 1R S 50mm & UM 5Smm THIS%
L —EDfETH ST,

BRI TH HAARDIL, BRI & A UM 2~ L,
NER K BITRIFEITELS . —FEDEE o7
B-2) .

X @M K W



£t #% D

—-655']‘:"5(100mm) —— EE(50mm)

EE(15mm) ===-F @

‘g ° —a

6.0 Sy
K40 ‘ SR T
2.0 ERRERREEEE
00 N O
% T @ g9 o & o = % 9
22 © O 2 1 N N NN

g g8 g
o = =y I = =
A ¥ & A
K—2 EHEKER (4E#k D)

Fig2 Result of measurements (type D)

3.2 V5 UREEM

VT URERM (HERA~C) TIE, A ToOHRRT2~
ARFIKTFRRLNE (®-3) .
PR 53 % S

3% FEEE DS
ZORER LD EEMIL. DT s
SHLHMREEZH L TWD EEZBND,

T #%& A
& -s'-o:ﬁ'é(loomm) pﬁé(SOmm) RE(15mm) —FR@E
K 6.0
4.0
#E
2.0 : ‘ : ‘ ‘ ‘ ‘
% 0.0 N 0 O A
O O =H &N «H o <« ©
o ©W 9 9 9K NN~
8 8 g g g5HEE
T T I I I
A ¥ £ A
it #% B
ﬁ—;?é(}OOmm) ——RE(50mm) EE(15mm) — XK@
6.0
7K
4.0
F 3
2.0 :
00 LLUTUTTTi il il
~ < [-)] o — o~ - o < o
e v 9 =9 "9 NN~
88 gggFREE
T T x ju = I
M O x £ A
t % c
- 8—6—55'?:’3(100mm) ——EE(50mm) RE(15mm) —5&@
6.0 3
K 1
4.0 - ;
= ‘
2.0
;2) 0.0 - \ i i \ i i
- O O = N = o0 <& ©
© VW 9 9 T NN~
8 8 g g 55888
T T I I X
M ¥ £ A
H—3 EHBIEER (thk A~0)

Fig3 Result of measurements (type A~C)

Vol.40 No.125 2015.9

3.3 AlERE

i L%, KPEEEDROE U7 ER266E10 H OJIEIZIB U
T, 303 HIOBUKEEZIT o T-1%, REFHOFHIZTT-
AR EZR— 48T, 207 T7 780 QAR EE

72 o T2 dhr & 28hrl R W TG KREN ER- L TnD 2 &
) ET]‘ALA éﬂf:o
ZOFERE LT, WERE/KROBITEIER L7ZER

Thilar s U — M( A WA Wz HIREER
CTHHA ST IRE 2 > CIRERIEEZIT> TN D720
RIBOZALNKE L 725 BYEAIT TR, RELREE CHl-
TRIREEE 2 7 U — FNEROIREEI SN U,
BIRRERIE L 7o D9, NG KED B LD Tl

WinEEZ LIS,
FTIRBERTEICLE O BRZEDIZNT D,

HELEE

GiRIINvIRE YA

Salid, B —ROBMOMICENET, B
Z gl e, WEMSERHL Z L B2 b5,
ft # c
R E(100mm) ——FS(50mm) FS(15mm) —RE
= 8.0 :
7 6.0
g4
. 2.0 R e N
: R S O S I e
% T pRespe—t—T 1 |
< 0.0 i I I I | | I I | I
§ sr-rdo<dIIITE
BBAKB hr
H—4 FHAMSR (8FFEIEHAD
Fig4 Result of measurements (type C48hours)
4 FEO
BIEICE ENDIREMIEICHE O #EIV NS < Zan

EZONDIERENDL, EEORREE LT E VR
W, HDEZAVTURERM (HARA B, C) TIiXER
Mokt « BRI k> Tar sz U — B G AR
IMET L QWA HER S, AT, NEREED
WL Ea B LoD, fRi&E#keid 5 Z &L TASR
KR T OGRS HTETH D,

ol



RXEEME 2— 7=a7ILLER—F

MRS R & © 74 vy THROED LA
[ZHE L -8R OMISHE

Study on repair method for crack in vertical stiffener at support of steel deck
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