Concrete Slab Replacement in Heavy Traffic Expressway
— Mukaizano Bridge in the Kyushu Expressway —

BEXESEREREICE TP ) — MNRIRERE 2
— AINEEEE - EEFE —

ksksk skoskoskosk

* Yasuo FUKUNAGA, P.E.Jp: West Nippon Expressway Co., Ltd.

ok vEkE, Hdrt GEBGER)

PR KRB (KK

** Takehiro IMAMURA: West Nippon Expressway Co., Ltd.

ARF IR PR EEE ()

*#% Yasuhiro MIURA, P.E.Jp: Oriental Shiraishi Corp.
AV =LA A (BR)

W AR, B (GERBE)

waxE Meguru TSUNOMOTO, Ph.D., P.E.Jp: Oriental Shiraishi Corp.

A A, e (5, St (EERERM)

Contact: y.fukunaga.aa@w-nexco.co.jp

AV UAVAA (1)

Keywords: slab replacement, PCa PC slab, end-band splice joint, traffic control period

DOI: 10.11474/JPCI.NR.2014.201

Synopsis

Mukaizano Bridge is located in a section of daily traffic
with 100,000 vehicles in the Kyushu Expressway
(Fig.1). From about 10 years after opened, degradation
has spread in the reinforced concrete (RC) slab on
the steel plate girder bridge. Therefore, renewal
construction has been carried out to replace the entire
RC slab with precast prestressed concrete (PCa PC)
slab.

In Japan, looped splice joint is popular as a joint of PCa
PC slab. But, to reduce the traffic control period and
suit the site condition, End-band splice joint of Pca PC
slab has been adopted in this project.

In addition, to improve durability and prevent
exfoliation, ground granulated blast-furnace slag (BFS)
and polypropylene fiber mixed concrete was used in the
slab concrete.

Structural Data

Structure: Single-span RC hollow slab bridge,
4-span continuous steel plate girder bridge,
2-span continuous RC hollow slab bridge

Bridge Length: 210.05m

Span: 18.35m, 37.50m +2@38.00m + 38.50m,

18.47m+ 18.65m

Width: 32.00m

Owner: West Nippon Expressway Co., Ltd.

Designer & Contractor: Oriental Shiraishi Corp.

Renewal Construction Period: Jan. 2010 — May 2011

Location: Fukuoka Prefecture, Japan

Fig.1 Mukaizano Bridge

1. Introduction

Mukaizano Bridge in the Kyushu Expressway, which
includes a steel plate girder bridge and a RC hollow
slab bridge, was opened in 1975 (Fig.2). From about
10 years after opened, degradation has spread in the
RC slab on the steel plate girder bridge, due to the
low-quality of concrete, heavy traffic volume, using
anti-freezing agent in winter, etc. Therefore, renewal
construction has been carried out to replace the entire
RC slab with PCa PC slab.

Since this bridge was located in a section of daily traffic
with 100,000 vehicles, a traffic jam was predicted due
to the decrease of the number of traffic lanes during
replacing work of slab. Therefore, reduction of the
traffic control period was required. Hereinafter, the
summary of project is described.
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Fig.3 Slab replacement procedure

2. Slab Replacement Method

The slab replacement project at Mukaizano Bridge
was carried out in the most heavy traffic expressway
in Japan in the past. In addition, it was the largest slab
replacement on the expressway of Japan.

The procedure of slab replacement is shown in Fig.3.
The slab replacement was carried out with traffic
restriction of each line. Because 6 traffic lanes in total
decreased in 4 traffic lanes under traffic restriction,
furthermore lane width decreased, a traffic jam was
expected in a holiday and the commuter rush hour of

morning and evening. Therefore, the slab replacement
period was limited between the Summer and New
Year vacation season, when the traffic is less. It was
wished the slab replacement was over as soon as
possible. On the other hand, the works with noise
had limitation between 8:00 AM to 6:00 PM, because
private houses are closed to the site. Fig.4 shows B-line
slab replacement under traffic restriction. The slab
replacement of each line was completed in 30 days.
Fig.5 shows PCa slab panel erection using truck crane
during nighttime.
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Fig.4 Slab replacement under traffic restriction

330
280
Transverse rebar __Longitudinal rebar
‘ D19 |o D19@125
‘r&
so]
()
[e] ° 8 © ¢} e} ° A

o]
b

T (0] o T T

O 2 { o] } %% Q
I/

H V Rebar | PC tendon

" D10 1815.2

80

106
Slab thickness 240

‘dB

31
30

(a) Conventlonal looped splice joint, Japan

Fig.5 Erection of PCa slab panels
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(b) End-band splice joint adopted in Mukaizano Bridge

Fig.6 Comparison of RC jointing method with PCa PC slab

Fig.7 End-band splice joint

3. Joint of PCa PC Slab

(1) End-band Splice Joint

In order to obtain thinner slab thickness, reduce joint
part length and improve workability of joint part, a new
lap-splice joint of PCa PC slab was developed!". Fig.6
shows conventional looped splice joint in Japan, and
new lap-splice joint (called End-band splice joint). In
the End-band splice joint, compression steel pipe on the
tip of the rebar was used (Fig.7).

A major advantage of the End-band splice joint is
related to the arrangement of rebars in transverse
direction. In case of looped splice joint, transverse
rebars have to be inserted in U-shaped bending rebars
after the PCa slab panels are placed on the girders.
Therefore, in case temporary noise barrier are fixed
alongside the bridge under slab replacement (as shown
in Fig.3), installing transverse rebars will be almost
impossible without taking off temporary noise barrier.
On the other hand, in case of the End-band splice joint,
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= {
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after erection -
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Fig.8 Installation of transverse rebars into joint

transverse rebars are able to put between End-band
rebars sticking out from PCa slab panels before panels
are erected on the girders (Fig.8), and the problems
regarding use of looped splice joint are solved.
Another major advantage of End-band splice joint is to
reduce slab thickness. However, slab thickness was not
reduced in this project, because the bridge is located in
a section of heavy traffic expressway.

(2) Wheel Loading Fatigue Test

Because of Mukaizano Bridge is located in heavy
traffic volume, it was required to check fatigue
durability of joint. Therefore, wheel loading fatigue
test was carried out, under the same condition as in the
test that have been made to conventional looped splice
joint (Fig.9). The wheel loading fatigue test proved that
the End-band splice joint have the same level fatigue
durability in comparison with the looped splice joint™.
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Fig.9 Wheel loading fatigue test

4. Improvement in Durability

In the section where Mukaizano Bridge is located, anti-
freezing agent is sprayed in winter (about 10t/km/yer).
Therefore, in order to reduce the ingress of chloride
ions in the new concrete slab and concrete barrier curb,
concrete in which 50% of the cement was replaced with
BFS 6000 (specific surface area is 6000cm?*/g) was used
for all the concrete. The apparent diffusion coefficient
of composition using BFS was approximately one tenth
of that obtained for the single cement composition
(Fig.10)"l. As well as ingress of chloride ions were
reduced, alkali-silica reactions were reduced by using
BFS. Furthermore, the CO, emissions associated with
concrete manufacture can be reduced by about 43%.

In addition, from the fact that this bridge crosses over
the road and the railways, polypropylene fiber (length
of fiber is 30mm) was mixed in new concrete slab to
prevent exfoliation (Fig.11). Mixing volume fraction of
the fiber is 0.5Vol%.

5. Conclusion

This slab replacement project was carried out in the
most heavy traffic expressway in Japan in the past.
Therefore, new jointing method of PCa PC slab was
adopted to reduce the traffic control period and suit
the site condition. Also, the durability of the slab will
be improved than conventional slabs on the bridge in
Japan. At the end, the authors will be glad if this project
is any help to the people concerned to slab replacement
in the future.
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