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Design and Construction of Deck Slab Widening on Existing Bridges
— Kirigataki Bridge on the Shin-Meishin Expressway —
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Synopsis

This project was conducted to widen the existing
Kirigataki Bridge located within the Kameyama-
Nishi Junction on the section of the Shin-Meishin
Expressway between the Kameyama-Nishi and Shin-
Yokkaichi Junctions. This project was requested to keep
two lanes during construction for deck slab widening of
long-span bridges located in a mountainous area. With
these construction limitations, mobile overhanging
platforms were used to carry out the works. This paper
presents design and construction of deck slab widening
on existing bridges conducted on existing bridges while
in service.

Structural Data
Structure: Prestressed concrete continuous rigid-frame
box-girder bridge
Widened Length:

Inbound lanes: 605 + 153 m

Outbound lanes: 57 + 81 m
Widened Width:

Inbound lanes: 0.45—4.10 m

Outbound lanes: 0.50-2.18 m
Owner: Central Nippon Expressway Co., Ltd.
Designer: Sumitomo Mitsui Co., Ltd.
Contractor: Sumitomo Mitsui Co., Ltd.
Construction Period: Jun. 2016 — Oct. 2019
Location: Mie Prefecture

1. General Overview

(1) Overview of the Project

The project was conducted to widen the Kirigataki
Bridge built in 2004 on the Shin-Meishin Expressway.
Fig. 1 shows the overall layout of the project. Deck
slabs were widened on the inbound and outbound
lanes of the central and east bridges, for a total of four
bridges. Fig. 2 shows a general view of the bridges,
while Fig. 3 shows the main girder cross sections. The
existing long-span bridges crossing a mountainous area
are continuous prestressed concrete (PC) rigid frame
box girder bridges with two chambers. The inbound
lanes have a maximum span of 109 m and a maximum
pier height of 64 m, while the outbound lanes have a
maximum span of 90 m and a maximum pier height of
65 m. They were built with provisional widths and the
design and construction carried out assuming bridge
widening in the future. The cantilever slab section
designed for widening was extended from the existing
slab end and supported by struts to be installed in the
inbound lanes, while it was simply extended from the
existing slab end with no strut in the outbound lanes.
Temporary safety barriers were installed to secure two
service lanes, and after providing construction work
areas on top of the bridges, the widening work was
performed using construction platforms!".

(2) Overview of Design and Construction
Because the widening work was carried out on the busy
Shin-Meishin Expressway, two lanes had to be securely

—145—



National Report of Japan on Structural Concrete 2022

Kiri S
Centrg| Bridge ataki bridge Inbounq lane
s

Widened Jey,

th 605 m, i
Widened length 153 m

Fig. 1 Overall plan

Side view
Inbound lanes Central bridge 327000 ( ) East bridge 445000
2%0 326600 200200 444600 250
600 64200 2@98500=197000 635001300 57500 109000 109000 109000 575001250
Starting Staiting
<{Platform No.4 | qur_“ll? [Platform No.3 1300 @mfmmwz\ P1 1;":&\ Plalfmml\\}
- g S| @S g 8 3 Nalg! g
f= =
bl = | «@
4 g | g
A = | K
|
o L_lJ
Outbound lanes Central Bridge 500000 (Side view) East bridge 375000
230 499550 200250 374500 250
123053500 _ 90000 90000 90000 90000 59000 241530 56500 88000 88000 88000 51500 ]250

Fig. 2 General view

Outbound lanes Inbound lanes

(P9 pier head) (P8-P9 span center) (P3 pier head)

i 18255 ] , 16126 )
55 515 14970 515 515 11703 5152878515
11740 By : i Strut blocks
Widening works Widening works =
in the fut%re in the futgure Widened deck slab
Widened deck slab Existing girder Existing girder

Fig. 3 Main girder cross sections

opened for traffic throughout the construction. Area
for construction use on top of the bridges was limited,
especially on the narrower inbound lanes, therefore four
mobile overhanging platforms were used to perform the
deck slab widening work (Fig. 4). In addition, because
pof the rugged terrain and mountainous location of the
bridges, the starting point for construction were limited
to piers P3 and P7 for the inbound lanes and pier P3 for
the outbound lanes in order to mobilize the required
construction materials and equipment. This paper
presents the design and construction of the inbound
lanes.

(P3-P4 span center)

Fig. 4 Panoramic view of construction

2. Design of Widened Deck Slabs

(1) Deck Slab Design

The cantilever length after widening the deck slabs of
the inbound lanes is around 4.7 m at typical sections,
with a maximum of about 6.0 m. The deck slabs were
supported by struts to accommodate the large cantilever
lengths. Strut blocks to hold struts in place were already
present at 3.5-m intervals at the lower ends of the
existing main girder sections.

Fig. 5 shows a detailed view of a widened deck slab
section. Apart from the deck slab transverse tendons
in the existing sections, additional transverse tendons
(1S21.8) with 1.0-m intervals was designed. To
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facilitate the placement of additional transverse tendons
in the deck slabs, ducts were embedded in the existing
deck slab sections.

These ducts made of polyethylene with an inner
diameter of 38 mm were embedded for the post-
tensioning of additional 1S21.8 tendons. The use of pre-
grouted tendons has become common in recent years to
achieve better grout reliability and durability. However,
because of the fixed diameter of the embedded duct,
epoxy coated and filled (ECF) prestressing strands were
used with a nominal diameter of 21.8 mm. ECF strands
were also used with a nominal diameter of 28.6 mm on
the outbound lanes. Because the 19-wire ECF strands
were used for the first time in this project, various tests
were conducted to verify their performance.

4940

Existing deck slab, ~ Widened deck slab

Rebar
Enclosed welding

Transverse strands
Polyethlene sheaths
(Inner diameter 38 mm)
+ 1S21.8 ECF strands

Longitudinal strands

1S28.6
Pre-grouted strands

Fig. 5 Detailed view of widened deck slab section

(2) Design in the Longitudinal Direction for
Existing Girder

Because more than 10 years had elapsed since the main
girders of the existing bridge sections were constructed,
the progress of concrete creep and drying shrinkage
had already completed. In contrast, the deck slab
widening sections were made of newly placed concrete.
Consequently, the structure made of old and new
concrete structural members required consideration of
the age difference between those members. The old
existing sections remain as PC structures, based on the
design requirements at the time of their construction,
with external tendons added to satisfy allowable values.
To add external tendons that would take up increase of
the dead load and the live load caused by widening the
deck slabs on the main girders, anchoring devices were
installed on crossbeams as well as deviator tubes on
deviator sections.

The external tendons in the existing sections were
grouted, with bare strands placed inside transparent
ducts. The embedded external-tendon anchorage
devices for deck slab widening were also made of
similar products. However, it was impossible to use
these embedded anchorages because production of the
transparent ducts for this particular anchorage device
had been discontinued. Instead, new anchoring members
were installed on the outer side of the embedded
anchoring devices (Figs. 6 and 7). These anchoring
members use ultra-high-performance fiber reinforced
cement (UHPFRC) to reduce their size and weight.
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Non-shrinking mortar

Ultra-high
performance fiber
reinforced cement

Fig. 6 Anchoring device (UHPFRC)

Fig. 7 Prestressing operation

3. Construction of Widened Deck Slabs
(1) Removal of Existing Bridge Barriers

The existing bridge barriers were removed before
constructing the deck slabs. Fig. 8 shows the special
platform used for the removal work. Holes for using a
wire saw and for lifting were core drilled into a barrier.
Then, it was cut into 3-m blocks with a wire saw, lifted
and removed using the special platform, transported
by forklift to the pier acting as the initial construction
point, and lowered from the deck slab.

Fig. 8 Removal of existing bridge barrier

(2) Removal of Existing Deck Slabs

Reinforcing bars in the widened deck slab sections
were joined by enclosed welding. To perform enclosed
welding on the deck slab rebars, it was necessary to
remove the deck slab concrete up to the vicinity of the
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anchorage plates of the transverse tendons in the deck
slabs. Deck slab concrete was removed using high
pressure water jets sprayed from two nozzles to chip
the concrete. The chipping depth was controlled by
regulating the location of impact (Fig. 9).

Fig. 9 Removal of existing deck slab

(3) Construction of Widened Deck Slab Sections
Using a Mobile Overhanging Platform

For the inbound lanes with small construction areas, the
mobile overhanging platform shown in Figs. 10 and 11
was used. To transport ready-mixed concrete, buckets
were carried by forklift from the initial construction
point to the rear of the construction platform and
brought to construction area with the lifting device
mounted on the platform.

The construction platform had to be able to support
the overturning moments due to the weight of the
formworks, scaffolding, and deck slab concrete. If
the weight had been placed only in the transverse
direction, then the arm would have been too short and
the counterweight would have been too large, which
would have affected the traffic lanes in service because
the construction area was small on the inbound lanes.
Therefore, the construction platform structure was
extended in the longitudinal direction of the bridge
with a counterweight provided at the rear for support
(Fig. 10). Because the bearing points acting as supports
were on top of the deck slabs, which cannot carry large
reaction forces, a structure with multiple bearing points
arranged on struts was used to disperse reaction forces.
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Fig. 11 Construction of widened deck slab section

4. Conclusion

This construction project was the first of its kind
involving the widening of deck slabs on long-
span bridges in a mountainous area while keeping
them in service. Despite the various restrictions,
the construction was completed successfully through
design and construction innovations. The authors would
like to express their gratitude to all those involved in
the design and construction of this project for their
guidance and assistance.
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