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Design and Construction by Precast Work Method Over Open-Cut Section of Maiko Tunnel
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The Maiko Tunnel with a length of 3.3 kilometers is located on the on-land portion of Kobe-Naruto Route at the Kobe
side, consisting of parallel tunnels with a width to 3-lane highway each. The portion over a length of 232 meters from the
south portal of the tunnels was constructed by the open-cut method whose top was resurfaced by the earthwork to prepare
a site for a park by the Kobe City to preserve a good environment for residential area. For the construction of this portion,
the precast arch tunneling (PAT) method was developed that would be expected to cut down man-power, construction period,
and construction noise and vibration, but raise the safety. Although the use of precast segment was rare in such a tunnel
with a wide cross section, enough performance was achieved as it was expected. This paper reports the outline of design and

construction work of the tunnel.
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Photo.1 Overview of open-cut portion
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Fig.1 Typical cross section of open-cut tunnel
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Aerodynamic Responses of Muya Bridge in Parallel Arrangement
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The Muya Bridge has two separate decks: one for the north- and the other for the south-bound lanes, and the decks are
arranged alongside each other. In the aerodynamic study on the bridge, wind tunnel tests were carried out using two-
dimensional and three-dimensional elastic models.

As a result, it was required that a side maintenance deck, which would play a role as a dumping plate, installed alongside
of the decks to suppress galloping with the deck in both cases of single and parallel arrangement, and the deck for the
north-bound lanes has been already completed and opened to public.

This paper introduces the further study on the aerodynamic stability of the bridge by elastic model wind tunnel test, which
was carried out to investigate feasibility of stabilization without the side maintenance deck.

As a result, it was found that the aerodynamic responses would be greatly affected by the difference between natural
frequencies of both decks, and the galloping would be reduced in a turbulent flow and transformed into the buffeting with
increment of turbulent intensity.
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Cable inside dry up test on Kitabisanseto Bridge
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For the purpose of anti-corrosion of the cable for the suspension bridge, theCable wrapping systems have ordinarily been
employed to cover the peripheral of the cable for waterproofing. However, this system was found to be insufficient to prevent
corrosion of the cable in a corrosive environment such as one around the Honshu-shikoku Bridges, which is oceanic and with
quitea few rainfalls throughout the year. A new system was worked out to dry up themoisture inside the cable that was
produced by the residual water inside the cable. The system consists of air dryer, blower, desalinate filter, and air injection

piping, as well as a watertight cable seethe. The measurements were made on the following items:

1. Air humidity inside the Cable
2. Air pressure inside the Cable

As a result, it was found that the dehumidified area in the cable correspondedto the lapse of time for air injection and the
quality of air-tightness of the cable cover. Also found was that the pressure change was observed over a length of 100meters
from the point of air injection, although the length of dehumidfied area along the cable far exceeded that.

The system has still been under experiments, and this paper reports the outline of the system as an interim one.
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Fabrication and Erection of Towers with Bolted-Flange joints on a Suspension Bridge
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A bolted-flange joint system was designed for a part of towers, from a horizontal member at the roadway-height to the
topmost part, of 2P and 3P of Kurushima Bridge, in order to reduce man power and construction period and raise safety
with the site work, as well as to achieve easy maintenance and good aestheticson the bridge. This paper introduces a course
of design, fabrication, and erection on the joint system, which had been unprecedented in Japan.
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Tab.2 Difference in axial forces in fastening by torque control
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(ton/#) | (ton) | (%) | (ton) | (%) | (ton) | (%) | (ton) | (%)
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100% | 85.00 { 93.06 | 9.48 |89.83 | 5.68 |88.16 | 3.72190.62 | 6.61
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Tab.3 Comparison between strain gauge and ultrasonic tension
meter
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Fig.5 Flow in manufacturing of members with flange joint
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Force Transfer Mechanism and Fatigue Behavior of a Pin-connection Anchor of
Hanger for a Long-Span Suspension Bridge
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Muneo Ohkawa

B =
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AXi3, @HR LS 25T HA3RARBLHARICKRT SN EZEEOEBHE IC OV TEHNETRERE L URSR
EBAEEREL. BELOBEAMOBELCICEFRE CEAEHOEREToHLEREBET 5,

Through pin-connection parts of suspender ropes attached to chord members of stiffening truss on a suspension bridge, all
loads are transmitted by bearing of the pin and the pin plate. With a strong wind condition, the out-of-plane force acts
repeatedly on the connection, which would be produced by the horizontal component of a tension in the suspender rope that
would occur from a relative movement between the stiffening truss and the cable. This recurrent action creates a non-uniform
condition of the bearing stress in the pin connection. This report presents results of static loading test and fatigue test that
were carried out to verify weak points and thefatigue strength, using full-scale specimens representing two types of
pin-connection structure for a long-span, truss-stiffened suspension bridge.

1. [FC®IC

AN EFEEBE D BFO NV —a —712i3fek,. 2
Moy bu—7D—FThA CFRC (Center Fit Rope
Core) TN &7 —7 N 3y FIZEHENT L, SV &7 v
b 2RO EEREEICIIORAL, XEICL ) HERZE
ETLIERFHNLNTE, HARBBKREBTIIZI NI
BLITC, N F—a =R ZF LV ETHREREL
T2 IR VAT =T NERWT, BRHAOY 7y b2 E
YT =T NNy R RN O R G IERE T B R AR
HAENTw3, ZohEEZ, »yh—a—70%HENT»
Wiz = kRT3 s L,
B ik 2 EEEEBIRRDOV Y v FOKEEEICE D
FHEL RN TEE»ERL LS L, HBERBEIN L
INRSUNT—TNEZAVEIETRERILT BV I—
Q=7 DFVUNTIREA VT F VR 7) —HREE T B
&, REDRELD D,

RN 5 22 BT 2RRBBICBWTIT, BRERCE
L2337 — 70 ERRT OB L ) N F—IT
BRELZHITNDRET 5, ZDRHAATERKIEOH:
IR E AT NAEL 2 EM R RAHE B & OB R 55
RN AITNAT4.5~7.5 EOFIFA T3 EIMS b [Al#E T
Ehz= =L Ere, 7.5 U EoAITNOEET

28

(3FEKE Y O CFRC DEHMNT 28R L T\ 2, MHEIE A
KD AT BN v (Fek 4.5 ) FEMED
EEWTII. BEIHEO IR, —F MY > 24k
ALTw3,

bHRETHOE LV EEHEENBEM T, PARBICEWY,
—fRICE L EEHEE . EroXEBHE L ELILED
gL, BRHCLIERBREBELINSE, N T—0
LOFEIZ, EEEVE2MALT. INHERKTHHEL.
BRIRBOBEHEIC L) EEENLEESI NS, Lo L,
EEE L DXIER S DBEER, REFED L I2EV»
&7z 0 ARIETH &2 21T 258D EEW &2 Tl
%L, TOEVESHEEFHAERKED & 5 2o KB
REMICABIITRAINSGZ e b, EVESEED
e LRI L DR ERELICET 2V E» D 5,
AR TIE, SHREBOR L Ww—FRE > DESERZ A
R LEEYRORBREEHEL, ErE&BENE Y
FLELLEB D EHJAR & RO HIREE, B 2 BVl
HEMORIE. BIOEC oM hOBIE. & 5ICRmE
DRI TOREH AR T T L AR 2 WET 5,

2., HEfk

ARG CHRAI NS B EEMEI3. MRl b >
R PR = 7 R SRE L ICIER L EEFEIRICE L ILE

x M E B



FHEX A
—] oA —
als
Bl a1 . Lo
e e e W i S
N €% [ —
@S al o » 5
-l ®s e g
7§é
= ]
= e
F—F— #_r éjg J_%i ér—_
&l o q # “%jgﬁﬁ
g% 005
J f I
A
Bl I AmX BEIAEX
-~ o — £, (6-133um) IR (t=25m)
r___ﬂo_,] ZEBRHEVH, 380 250 | 250 380
etaier oHHoHer
BT Pl

4

-
f

iR (t=40nm) C%R ﬁf\ﬁ (£=22mm) §
g

700

4 E%ﬁ (t=50mm)
X

G

700

R
%7 = 7 (t=25mm)

[ |

L ]

H—1 HEBREOFRETE

Fig.1 Dimensions of specimen

FF. FOMEKRIES ZHET 5 2 ORI 2 MiTH 12
HETIY Mg TH D, T, BEREL EITI3E
EZIICENANHIERT 2720, ErfLlomflicshg) 7
FHWOAHFT VB, EHFWRE 2 OMEERIC & ) RER S
NBEZWOERIE, LV ILnFEEZERN» S
100 mm & LTw 5,

ARERTIZ. P I RAEMO 2T =712, EEFER
& REAR DOMRITRERK & E H MO RR R 2% 5 ZFE
O EERELZRBROMNRE Lz, 22 TIRIEEOE
EERFNFIEET., BB LHRT I L ET S, ABR
izEFKRE L, 2oBKE TEEZR-1ITRT,

1 (R—2M]) Tk, 357 = 7oWRE (1=22
mm) 2 ZEET EHICER L2 EERICHE =40 mm
DREEM % IR TR AT 72, L72ht > TES MO
(2102 mm & 7% - 72, fHBEIROEARIS, RAKL £ DT
NN PVER L7z L EDEEHOMITRIEZ 2Dk
s RAKKE L, A0S ) 725 Y A<
Ioicl, o, COBBIIEFBOMELBRT S
ZRBEWNTH 25, W EERITE AR 2 3R ) AT
3 DG FRE P VETH B,

B (K—3 BM) T3, 3% = 7 (IRE =25 mm)
#L75 VEET =50 mm DRZICHE L 72 EER

Vol.21 No82 '97.4

1;&? ]
iﬁﬁiﬁﬁi(t ‘Qmmz

H—2 #is|
Fig.2 Structure [

12 ARUE £ =25 mm O FAREROREAR % B £+ 72, s
WOBKZAICT 5 2 L3, thoRARIC BT
HEEL, HILE2MET 2 HEL LTI H&NE 3N
Twd, $RIOEER. 7= 7O EFBEIBLEL
e, FOESDOBEBESEDMHRIEETH 5,
MR ORI, BE 1. 1L HAERAIIC 6 mm @

29



BHE 2 A EFIEAAITN—TBHFELHE66bMmM DT
ARBEEZRALEELLTWS, —&IC. DL

LZERRDBERITARBERICE > TiTbl 3, BEE

H—3 #Ell
Fig.3 Structure II

A
Wal @ mwaates

FABEERKSO0~8 Om

AEEVICL D E, TAREBEDY A XS IJIEHELM O
BEWhoMEL2tET5S>/2- 1 #E#ELT 5L
ELTwa, ARBREDEAIRES 50 mm TH 2D
TS=10mm »VEE %2, LrL, ARBEOEHI
TEMEETIEELBEHETH LI Lo b, BHEOKE
RDEEDTER, ELIFEALEZERLT, CnXH%
PrRB DEREHIEL L,

Y LT & MR DA FIEZ F—4 1R,
BERAR RSB D IMRES TEEW IR AR L, B9l
FRTEDETYHI L7tk o2z EHm LT 5,
F o FLNE D EEFR & fERDBEHEII L Ty,

RERICIT, EBTHERINI A T—o—7 LR%%
u—7%¢, $130mmDEZELBMEHL 2,

ER LRSI OB IEE & LR 2R —1 ISR
R

3, HERAE
BRI (3 #HE1Z 5900 kN, I 3900 kN D EATRE S
PAY 5 REESRERE R HW2,

@ wEiRSAAEE (FiED)

LT (RER)

W&
@ WBRIRA B

EHBERES50~80m
@ a7 0B

)

LE <>

® eramz @ wwbAREE (FEE)

H—4 EEEEBOHEILIER

Fig.4 Assembly sequence of pin connection

R—1 FEREMOBBIMEE S EFHS (I —1&Y)

Tab.1 Physical properties and chemical components of steel used

AR lsgiviy
4 ME | Wetket | isgies | hos [0 [ C [ Si[Ma| P s [cu|[Ni]cr [Mo[Nb]| V [Ceq
(N/mm?d) | (N/mm?) | (%) | (%) x 100 X1000 |X100| <10000 X100
EFHEY | SCM43s [ 922 1,000 18] 58] 35] 25] 78] 16] 18] 17| 8] 111] 16
7= 7HO |SM490A | 418 561| 25 17] 46| 134 20| 5] 1 4
wt | SM490A | 383 531 32 17 44] 134 16] 4] 1 2 41
v = 7H®@ [SM490 YB| 380 553 29 17] 47| 144] 10| 2| 1 6| 43
EHHQ |SM490A| 39 534| 29 13] 27] 137 18] 5] 1 21| 37
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Tab.2 Summery of measurement on bearing condition of pin with pin hole
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Fig.9 Measured stress of anchor
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Fig.1 Primary and secondary members
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Tab.l Seismic Requirement on Bridges of California, 1996

GROUND MINIMUM LIMITED FULL PERFORMANCE
MOTIONS PERFORMANCE LEVEL PERFORMANCE LEVEL LEVEL
IMMEDIATE FULL SERVICE IMMEDIATE FULL SERVICE IMMEDIATE FULL SERVICE
FUNCTIONAL | — Repairable within 90 days — Repairable within 30 days — Essentially elastic
EVALUATION | — Lane closures are allowable through | — Repairs require minimum traffic | ~ Minimal damage
EARTHQUAKE off-peak hours interference — Minor concrete cracking
(FEE) — Minor concrete spalling — Buckling of secondary steel members | ~ Minor buckling of secondary steel
— Buckling of secondary steel members | — Joint damage allowable members
— Joint damage allowable
NO COLLAPSE LIMITED SERVICE IMMEDIATE FULL SERVICE
— Significant damage with a high prob- | = Intermediate repairable damage — Minor repairable damage
SAFETY ability of repairability — Light emergency vehicles within | — Lateral system capacity slightly ef-
EVALUATION | — Maintain vertical load carrying hours fected
EARTHQUAKE capacity and a minimum lateral sys- | = Reduced public traffic lanes within | = Minor concrete spalling
(SEE) tem capacity days — Lane closures outsides peak hours
— No public access possible — Lateral system capacity is relatively only
— Repairs will require complete evalua- reduced — Repairs within 90 days
tion — Repairs within a year
NO COLLAPSE
FAULT — Extensive damage with low probabil-
CROSSING . .
. ity of repair NA NA
(i.e, RUTURE o . .
EVALUATION) - Mamtam- residual capacity ‘{or prob-
able vertical and lateral service loads
only

Vol.21 No82 '97.4
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Photo.1 Road in rainy season
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Photo.2 Road repair work
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Photo.3 Small bridge in wildlife preserve
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Photo.4 Riverbed covered with concrete
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Photo.5 River crossing of car on a barge
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