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The center stay rod’s improvement of the fatigue durability and proposing rational inspection system
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Photo 2 Existing center stay rods
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Seismic retrofit design of Tkuchi Bridge
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The Ikuchi Bridge is at the area where the probability of the occurrence of large earthquakes with a seismic intensity
level of Lower 6 or higher in coming 30 years is 26 percent or higher. Therefore the seismic retrofit of the bridge will
be completed by 2022. As the result of seismic performance verification, it was found that the displacement in the
longitudinal direction would be large because the bridge is supported at multiple support points with rubber bearings
and that the main tower and girder would be partially plasticized and the piers, foundations, bearings, and stoppers
would be damaged. If all of these members are reinforced, the scale of seismic retrofit will be large. Therefore the

reduction of longitudinal displacement by dampers were studied. As the result, it was found that the scale of seismic

retrofit would be reduced. This paper presents the seismic retrofit design of the Ikuchi Bridge.
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Table 4 Result of seismic performance verification with dampers

(%)
BEREE Eiji BEAMR %1 %2 %3 £ w5 MER by /¥—
” i
1P 1.02 0.91] 0.89) 0.80) 1.56) 1.45
P1 0.76) 0.68 0.66) 0.60) 1.10 117
P2 0.84] 0.76} 0.73 0.67 1.13 1.15
EIN-Z:3 5%
P3 0.94] 0.861 0.83 0.77 1.19 1.26
P4 0.82 0.75] 0.72 0.67 1.23 1.24
SREEAL 4P 1.02 0.91 0.87| 0.79) 1.41 1.39
BHAEE 1P 1.42) 1.28 1.23 1.12) 1.32 1.90
AR by - | 1EE#
4P 1.03} 0.88) 0.85) 0.77) 1.20 1.94
2P 1.03} 0.93 0.90 0.82 1.17 1.42
SRE S Bt
3p 1.07, 0.96 0.93 0.85 1.19 1.45
, 1P 0.00! 0.00] 0.00 0.00 1.26) 0.00
MER b v/X—| f&h
4P 0.00) 0.00) 0.00) 0.00) 1.23] 0.00
1 & 0.84] 0.87] 0.89 0.95 4.97) 0.95
BA 0.69] 0.73} 0.73 0.72 0.80) 078
P1 58 0.81] 0.77] 0.76) 0.73] 0.73] 0.93
B 0.30! 0.30) 0.29 0.29 0.31] 032
s 0.60! 0.58} 0.58 0.57 0.74] 1.05
i P2
S A B 0.27] 0.27] 0.27] 0.27] 0.31] 0.31
P 3 & 0.74) 0.661 0.65 0.62 0.85) 0.85
B 0.25) 0.25) 0.25| 0.25] 0.34] 0.34
os i 0.9§ 0.95 0.94) 0.91] 0.66) 0.81
B 0.27} 0.28] 0.28 0.28] 0.30) 031
» fiai 0.94] 1.00 1.01 1.0 2.86) 1.06
Bf 0.62 0.62] 0.62 0.62 0.65) 0.65
EfE 0.45] 0.45] 0.44 0.44 0.47 0.49
Pl () |
EE 0.32 0.29) 0.28 0.27 0.35] 0.42
- EHE 1.17] 1.17] 1.17 1.1 1.25 118
HOTH S
3% 0.82] 0.82] 0.82 0.81 0.9§ 0.87
EHE 0.43} 0.42] 0.42 0.42 0.44] 0.44
et (e |-
EES 0.3 0.30) 0.29) 0.29] 0.33 0.43
» E4E 1.1]] 1.09 1.09 1.08 1.13] 113
. EE 0.75) 0.74) 0.74 0.74 0.74 0.74
EHEOTH _
3p EfR 0.98| 0.97, 0.97| 0.96} 1.01 112
3% 0.66/ 0.661 0.66 0.66 0.67) 0.70
P [mm 923} 832) 800 728 858| 1235
AEfR | BBy S—
FRLER | BAR by 4 |mm|  e0]  512) 53 b0 78] 1261

XERPOEIL, FREICHTIREMEOLETHS.
R 5 16 DB TERSRE 2 AR FF T2 T OITAB RN 77
Ty NERETHETHD. ML LR ZEM Tt
TTHHN, £ 1 Tl ) — b2 HEkicm A
k= DZ S AEEIRT D DITKHEE DR iE T2 54
B, Lo, A Ny —odoEg s LT, 1E
(TR THIEN IR 22T L L
7=.

5.3  EIBEE - IHIZH T HEEHREOEHE

B — BB IR T S TR & THTERIC R
W TR BRIR T B T R - 72720, RERE D
ekl U, ZeMEOfEEd 57200 FO1)~3)DfiE
M2k L7,
(1) BERT 7 A R—FF W K D LR
TR OTHAZHOW T, £ TBRERICRT
AREMWEMERT A7-0I2, 77 A N—FF L% HN
MR EREZIT o712, 728, JHEBIEE DR A B
ViATeT= 6, BEIELL T A — 2|2 X D R R
W2 BTSSR UCiE, R RE e s 4y AR X T
W5, BEEREEEZR—10 (R, EEROEMHTE BT,
HUBRECHY 3 2RI MEkICH 0, +o 720 %
HLTWADZ NG, BReRE L THENICLE L
TWDZ ENERTE T~
Q) F - FHIOBEFETTA FEM 7 /UCE & 7o

RIS AR

TS K O\ FA T OWBMAL 3 5 FiPH & Rl R
LI, FOESYA FEM B7 /0 (3 =/V8EE#) (1IfE
XX T RIS BT 2 FEh U 7. MBI AT O
RaR—11 177, KPOEEIL FEM 57 V2 vz
EETCd 5. TEFLEBIIRERIS TR L TR KR
D 5%, FHHUL 06%EMENTH Y, #EmOLE EZE
Ao ERTEN 2o T2
() EEEED FEM €T/ L DT v o A — 3 —fif

Hr
FHATHARTEARICNTR T DR RE Do T F
BEHERZOUW I 72 B 2 EVEDORERD = FEM £7
Vv (= NVER) AW v v ot iz L v
T EHI AT o7, 7 3 o A — ST B HE
1TV, HEEISEMRNT CORRENL & M E L L TER S
Wiz, ZORFD 2P FEEFLHK I ) 2B —12 (TRT773,
HIFEEIRF ORI 1D 6 5L LMt /1% A L TH Y,
PIME(AR AR FIFRAE LN L 2l L.

x5 AR b/ —DBER
Table 5 Modification of rigid stopper

F1: TH\BEI Y 7Y — FO—EHBEME F2 ARy N—UMIROT Ty PERE
i o BHEA AN &8 = i 7(A)
&7 A BEEASR i&ah 7517 :* EEE%FE
LWTTE DRIAT 477 T b=+ —BEE BT TE @rHAT 477 T V-t B
BER — ool }.Z:/:_, R
_I o o \
L !
®@arvs)—MEE @XF“//\"—’C)JWT/ @777y +EE
@R — Wi (B — IR (RO
- IR ZEE TOMEFEICL Y RENES. R AEHE TORMERBEEICL Y BEHLHS
CRATATAVTTL— MEREKICAEBEINTEY, © Z by S — DY E R QYR O R E O,
oo | BERICEAREBGSEAVLS I, BEOBWEIZEY 2. ZFFERICT 2 IR M o E AR DR ES
WL EDREE N
AV U= MHEDKRIS, A by =2 EOUMALE,
CBIREOERICEVWT, B TOPRBHOMENIDETH D720,
BHEAH RO S HE

Vol.43 No.132 2019.3



160,000
e
120000 /gﬁ
= 105,153} =====mmmfmmmmmm e >.d 3
e / RERES
:LE 80000 7
% 67,320 |---------+----- ;35
40,000
0
0 05 15 2

1
2545z (m)
P FIEEE (EEAMEIER)

A E (kN)

160,00

120,00

0

0

107,935

80,000
72,606

40,000

Fr

.
>
------------- ;)‘/réfwea#
/
""""""""" 7(5 R
i
0 05 15 2

1
241 (m)
(2P EIEfHA, fERTIMRNNR)

B—10 774 N—FETILERW T Y at—\—fEiiER

Fig.10 Result of pushover analysis with fiber model

J&A1.05¢ey

Umises/”y
L0 L L0S L0618 1l
o— e— -

2P EHEEED

&AK1.006€y

O-mises/o-y
L0 102 104 LO6 LOS L1
=

THT (2P EHBAFH)

H—11 FEMET/ILERAVRGETRER
Fig.11 Result of time-history response analysis with FEM model

LLECE Y, SHBOMEERERA T AR L 0T
HiD—ERS BT 2 Z L AR S ey, e %

HAPHILRATRID OFFAEL 6§ D =R b TH - 72,

FTAGREMTIIEERNTZE LT l2d, R HliTR
(IAEE Ll L7z,

54 THEHROEAHME

A OREIZ I D EMTRE T A B —13 127 A
BT O R IE, RTEWTE OHERIZ LY 1P F&H
TH A ISR AT R Le o To T, %
ERELTT 72 Nl — MBI TR L.

FEEZOWTIE, B OMEMERERE CIZ L A LD
JEEE CHRENA U Cn272, FBRERRORFEZ D
HEHERICHBW TR 292 L=, e ikoeTr v
(LR O OIIEE 2 B8 LT R & S L, P2
T DI L AR L. LizioC, FEECkd 5
FRIIAEL & 7o Tz,

KERA (KN)

160000

140000

120000

100000

80000

60000

40000

20000

0 -

X
|
o
bk
S (BEFRRE)
|
s
'Al.%*
‘ R 4K BF
AN
0 50 100 150 200

KFZEfL (mm)

E—12 FIMETFILERW Ty S at— \—fEAER

(B8 R AR

Fig.12 Result of pushover analysis with FEM model

(longitudinal direction)

A OB W



AR N—DBER VRIS 7Y rDRE
EANY A—D#E

HBA 78— 2000kN x 25

F _ -

M RA MY A—D EHE

HEBA 78— 2000kN x 25

_— A\

#H|EA 78— 2000kN x 3%t

AN

;

P2 op

TN — MBI T

m w

3P P3 P4

—13 MHERRERT
Fig.13 Members retrofitted

SEWR

6. HHYIC )

2)

M AR ER A IV CIE,  AGTIT M OB 8240 2 4l
SRR A T 5 T2 OITHIER S L/ S—DFREIZOWT  3)
Rt Uiz, SPIOREE CIIt RO E NS <, HIE

B N—DFRBITINZ, THEA R v/ 3—=DA hy3—2 4
DOIFEKOHA A b 7 S—OUGEIT & 0 SRR E K
AR5 Z EINTE T 5)
A OB ORISR T HIIHU G 4 & D TPk 31
FRIEESNDTETHY, EREBHFE2—Tix 6
Fl&He& TRk 33 4R £ CICMPEMROE T2 B4
WA AENEEORERIGOW, MEMERER T OHE
ARG, 24 BKE, KEBBOmEMRGH A D
WS ZEE LTV,

Vol.43 No.132 2019.3

AN EREREAG AT - THERARFHEE - [Ffigan, 19773
fEox, WEET, EA)IFFC  ARDUEHEAE DN,
APUHEER, Vol32, Noll0, pp62-67, 20083

TEEHESL, FFTIE @ 2 DI0EIZ 81T B ARNEEAE OME
R, APUHER, Vol42, No.130, pp20-29, 20183

Tk, IEEEFNYS « IR 2 R R )

DT, APUHER, Vol33, Nolll, pp.l823, 20089
AARER S  ERE R E - RIfEV SR,
20123

FACHEBS I < HE R # - R ISR, 20123



BB DM =R E

Seismic retrofit design of Hakata Bridge

IO FIE  Kazunori Yamaguchi &L ZEMR  Yoshiaki Mizokami I 52 Yasuyuki Hirayama
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Hakata Bridge was designed with the Specifications for Highway Bridges (1980) that did not take into
consideration level 2 earthquake. As the result of seismic performance verification with Specifications for Highway
Bridges (2012), it was found that the piers and bearings would be damaged, and retrofit of that damage was studied.
As superstructure is longitudinally supported only at the end abutment, 4A, comparative study for exchange of

support condition was carried out. This paper reports the study for the seismic retrofit of the Hakata Bridge.
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Table 2 Outline of seismic performance verification of piers
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The center stay rod’s improvement of the fatigue durability and proposing rational inspection system.

ILA KiE Hiromichi Yamamoto HE #8 Yuji Hidaka E&#t jZBA  Atsuhiro Okumura
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For the center stay rod (hereinafter referred to as "rod") installed at the Ist Kurushima Kaikyo Bridge, it was
confirmed that the breakage occurred at the mounting threaded portion of the stiffened girder and the rod, rather than
the small diameter portion which is the supposed breaking point in the design. From the result of confirming the
fracture surface in the previous paper, the fracture of the rod thread portion is estimated to be caused by fatigue, and
an improved structure is considered as a measure against fatigue. In this paper, it is described that the result of the
fatigue test by full-size rods in order to verify the influence of the screw base radius, and that the examination method

using ultrasonic flaw detection.
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The study of proper cleaning frequencies for the LED tunnel light equipment
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Longer life expectancy of the LED tunnel light is realized than the conventional lamp light by renovating the
Maiko Tunnel lighting facility. Increasing efficiency of the maintenance work is expected because LED units are
exchanged every ten years corresponding to the exchange of the lamp bulbs. In the conventional tunnel light,
exchanging lamp bulbs and cleaning work at the same time have prevented decreasing the luminous flux of the light
equipment due to the dust coated on the glass of the light equipment. After the renovation to LED light facility,
exchanging lamp bulbs is not needed. Because dirty environment around light equipment has been never changed, the
periodical cleaning work of the LED light equipment are required like the same as before. There is, however, no
standard designating the frequency of cleaning work for tunnel light equipment. This paper reports the investigation

of the dirty condition of the tunnel light equipment and the study of cleaning frequency by the accelerated tests.
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