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Prestressed Concrete Composite Bridge over a Road, Railway, and River
— Shiokawa Bridge on the Shin-Meishin Expressway —
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Synopsis

As part of the Shin-Meishin Expressway, the Shiokawa
Bridge is a partially prestressed concrete (PPC) bridge
with a corrugated steel web box girder. The bridge is
composed of two individual bridges, one for inbound
traffic and the other for outbound traffic crossing over
a heavy-traffic road, railway, and river (Fig. 1). These
obstructions for the construction and the steep terrain
at the bridge location made cantilever construction
difficult. A cantilever construction method utilizing a
permanent corrugated steel web was devised to shorten
the construction period.

Structural Data

Structure:

Inbound Lane: 2-span continuous PPC rigid-frame box-
girder bridge

Outbound Lane: 3-span continuous PPC rigid-frame
box-girder bridge

Bridge Length:

Inbound Lane: 97.0 m

Outbound Lane: 233.5 m

Span:

Inbound Lane: 62.7 m + 30.7 m

Outbound Lane: 100.7 m + 92.5m + 36.7 m

Width: 11.8 m

Owner: West Nippon Expressway Co., Ltd.

Designer: P.S. Mitsubishi Construction Co., Ltd.
Contractor: P.S. Mitsubishi Construction Co., Ltd.

Fig. 1 Shiokawa Bridge

Construction Period: July 2012 — Aug. 2017
Location: Hyogo Prefecture, Japan

1. Introduction

In Japan, new expressway construction projects are
ongoing to realize a congestion-free and multiplex
network, with the ultimate aim of stimulating economic
growth and development. With a total length of
174 km, the Shin-Meishin Expressway is one of
those major projects and is planned as an alternative
route for the existing old Meishin Expressway that
endures chronic heavy traffic congestion. Being one
of the major expressway projects in Japan, some of
its construction is still ongoing. As part of the Shin-
Meishin Expressway, construction of the Shiokawa
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Fig. 2 Overall diagram and standard section of the superstructure of the inbound lane
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Fig. 3 Overall diagram of the outbound lane
Bridge began in 2012 and it was opened in December [Corrugated steel web]  [Concrete web]
2017. This bridge was constructed over National Route P1-A2 11800 A1-P1
173 with heavy traffic of about 40,000 vehicles per day, s 10750 N
the Myoken Line of the Nose Electric Railway Co. Ltd,
and the Shiokawa River in steep terrain. 2500 3500 3500 1250
2. Summary of the Construction Project o~ Road RN
(1) Inbound Lane : centerline|  Asphalt
Since the location of the substructure supporting a | ] pavement
new inbound lane bridge is very limited, it has an i
unbalanced span arrangement of 30.7 m and 62.7 m for s__\g 3.50% I
A1-P1 and P1-A2, respectively (Fig. 2). To deal with T e —n
this span arrangement, the superstructure was designed 3
with a heavier girder in A1-P1 and a lighter one in P1— 8|  Cdrugated i
A2. To reduce the girder weight in P1-A2, a corrugated < steel web =
steel web was adopted, while the girder in A1-P1 was 8 S A
designed with a concrete web. Also, the cantilever ~
construction block (BL) was designed as 2.5 m and
32-48 m for A1-P1 and P1-A2, respectively. A L e
general view of the inbound bridge is shown in Fig. 2.
As the first cantilever stage, the cantilever construction
started from P1 until 8BL on both sides, and ended 2380 3250 3250 2380
by closing the side span of Al side. In the second 270 11260 270
cantilever stage, the cantilever construction for 9BL to
11BL continued until the closure of the side span of A2 Fig. 4 Standard section of the superstructure of the
side. outbound lane
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(2) Outbound Lane

The bridge for the outbound lane also crosses over the
national road, river, and railway between P2 and A2.
Therefore, the span of 100.7 m between P2 and A2
was constructed by the cantilever construction method,
and the span arrangement between P1 and A2 is almost
symmetrical. To deal with the long cantilever length of
89.2 m from P2, a corrugated steel web was adopted
again for P1-A2 to reduce the girder self-weight. The
maximum girder height at the column crown is 12.0 m.
This cantilever length of 89.2 m is one of the longest
in prestressed concrete (PC) bridges in Japan having
the same structural type with the same construction
method"!. An overall diagram and the standard section
of the superstructure of the outbound lane are shown in
Fig. 3 and Fig. 4, respectively.

3. Design and Construction
(1) Shortening of Superstructure Construction
Period by Extending the Cantilever Block
Length
As mentioned, a corrugated steel web box girder
between P1-A2 of the outbound lane bridge was
constructed by the cantilever construction method.
During cantilever construction work, a form traveller
(FT) normally supports the weight of each new casting
block, including the top and bottom slabs from the
previously cast block. In this bridge, the pre-installed
corrugated steel web was used as hanging falsework
to carry the casting weight of the lower slab. As a
result, the FT capacity was used more effectively,
and the maximum length of a cantilever block could
be extended from 3.5 m in the initial plan to 6.4 m.
Fig. 5 shows the load-carrying mechanism using the
flanges for the corrugated steel web, and Fig. 6 shows
the load-supporting mechanism of the FT. Also, the
number of blocks was reduced from 31 BLs to 13
BLs by extending the block length, which reduced the
construction period by about 190 days.
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Fig. 6 Load-supporting mechanism of the
lower slab concrete

(2) Construction of A2 abutments
1) Substructure Construction from
Superstructure Tip

Normally, substructure works for pile and abutment
are carried out prior to the superstructure construction.
In this bridge, the substructure at the A2 side for both
the inbound and outbound lane was planned to start
after the breakthrough of the Kawanishi tunnel prior
to the superstructure works. However, because of
the construction schedule mismatch, the substructure
construction for the A2 side was carried out from the
tip of the cantilever. To conduct excavation work,
a temporary platform was installed between the A2
location of the inbound and outbound lanes. The
excavated soil was removed and transported through
the outbound lane bridge as a temporary route (Fig. 7).

2) Displacement Measurement of the
Superstructure

During the substructure construction, a 70 ton crane
and concrete vehicles for mixing and pumping work
placed additional construction loads on the cantilever
tip in the outbound superstructure. Because these loads
acted during the cantilever construction, their impact
on the superstructure was investigated, even though
the load level was limited compared with that of the
FT. Although the stress level in the superstructure
remained within its allowable limit, a concern was that
there could be some impact on the elevation control.
Therefore, a 24-hour three-dimensional automatic
monitoring system was used to measure the girder
displacement. Fig. 8 and Fig. 9 show the system layout
at the site and the results from the system, respectively.
As shown in Fig. 9, the elevation at the cantilever tip
decreased by about 50 mm because of the construction
load and the change in top slab temperature due to
sunlight. Also, note that most of the deformation was
recovered when all the machinery including the crane
was stored at the pier top during the night or when
was not in use. As shown by the measurement data,
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Fig. 8 Measurement of superstructure elevation

fortunately no unexpected phenomena arose during the
construction.

4. Conclusion

Despite its challenging construction conditions, the
Shiokawa Bridge was constructed successfully in 5
years, and it won the 2017 JPCI Award of the Japan
Prestressed Concrete Institute.
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