Mount Street Bridge Cable Stay Replacement
Peter Verbuyst — MCE, PMP for Fortec Australia Pty Ltd

Abstract: The project objective was the replacement of an existing cable-stay system including the
concrete mast while maintaining an undisrupted traffic flow under the structure at all times during the
project. The contractor’s successful construction methodology involved designing a temporary support
structure capable of sustaining the structural integrity of the bridge for the duration of the project. The
design integrated a multi-strand temporary cable stay system with a modular steel temporary mast
structure. This allowed for off-site pre-assembly of the various components and an efficient on-site
installation with minimal disruption to the public and freeway traffic. After a load transfer from the
existing cable-stay system onto the temporary structure, demolition and reinstatement of the
permanent cable-stay and mast structure was completed successfully.
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1 Introduction

Completed in 1972, the Mount Street concrete bridge was cable-stayed with a semi-fan system. Located
in Perth’s CBD, and it functions as an important bicycle and pedestrian crossing over the Mitchell
Freeway. The mast and cable-stay system were identified in 2018 to be in an advanced state of
corrosion, affecting the capability to sustain its structural integrity into the future. For this reason, the
bridge required replacement or upgrading, with a minimum impact on the public during the process. The
contractor designed a temporary support structure and project methodology to maintain the structural
integrity of the bridge. This allowed for the replacement of the existing cable-stay systems, without
disrupting the traffic flows on the major freeway through the city.

2 Temporary Cable-Stay Design

The temporary design consisted of the following elements: 4 sets of temporary cable-stay anchorage
connections thru to the soffit of the bridge, taking the bridge load and transferring it through 4 sets of
multi-strand cables to a topmast structure, which then transferred the load back thru the existing deck
onto a lower steel support tower and into the piled foundations. For the detailed design drawing please
refer to Appendix A.
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Figure 1-Temporary Cable-Stay Structure



2.1 Upper Mast and Cable Connections

The upper mast was a fabricated steel structure with 4 x 200UC46 columns diagonally braced for
stiffness and horizontal 180PFC collars holding the structure together. To transfer the bridge loads into
the mast, 2 tension plates were mounted on each side of the mast structure connecting with 4 sets of
cables to the bridge deck. These tension plates transfer the diagonal cable loads vertically into the 4
mast columns and balanced out any load discrepancies within each load pair. The connections were
designed to allow for the optimum load transfer through axial connections allowing for rotation.
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Figure 2-Tension Plates on Temporary Mast Structure Figure 3-Axial Deck Connections

The mast was pre-assembled to 80% completion off-site, transported horizontally onto the site, rotated
into the vertical position and lastly lifted into position over the existing concrete mast. This work was
conducted during a single night shift, after which the final 20% was completed in situ.
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Figure 4-Temporary Mast Horizontal to Vertical Rotation

Figure 5-Temporary Mast
Vertical Installation



2.2 Lower Mast

The load from the upper mast transferred through the bridge deck onto a lower-aligned mast. Here
610UB101 took up the load from the deck and channelled it into 4 x 200UC46 columns. These
columns supported onto 1700mm deep 610mm dia. bored piles which sat directly on the original
bridge foundation plinth. The whole assembly, including the bored piles, was constructed in situ during
night shifts. Equal load transfer between the soffit and the lower mast elements was achieved by
hydraulic jacks with locking rings.
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Figure 6-Lower Mast Design Figure 7-Lower Mast Installation Sequence

2.3 Temporary Cables

The 4 existing mono-strand cables were replaced by 4 sets of temporary multi-strand cables. The
multi-strand cables to the outer and inner anchors were assembled from respectively 4 and 7 x
15.7mm strand tendons. Both outer and inner cable tendons were stressed to 85kN bringing, the total
load per cable to 340kN and 595kN, respectively. This was 75% of the theoretically expected load,
which was calculated to be 114kN per strand or 454kN and 798kN per outer and inner cable,
respectively. Installation of the cables was a simple process of running individual tendons between the
deck anchor points and the mast connection.

2.4 Bridge Deck Anchors and Soffit Stools

The temporary design allowed for a temporary deck anchor to both sides of the 4 existing deck
anchors and as close as possible to the centre of the existing one. These 8 deck anchors connected
through the deck to soffit stools mounted on the underside of the bridge. A fabricated steel stool then
took up the bridge loads and transferred them into the muti-strand cables.

The connection between the soffit stool and the deck anchor was achieved by stress bars. These were
installed through holes precisely core drilled using ultrasound scanning & detailed mapping of the
existing reinforcement and post-tensioning ducts. The stress bars for the outer deck anchors included
4 x 26mm bars stressed to 366kN while the inner deck anchors included 6 x 32mm bars stressed to
530kN each.

The high loads in the stress bars were to overcome horizontal slippage of the deck anchor under the
influence of the horizontal component of the load in the temporary cable stays towards the centre of



the bridge. The increase in vertical stress bar load increased the friction between the deck anchor and
the bridge deck preventing any horizontal movement.
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Figure 8-Deck Anchor-Soffit Stool Configuration

3 Load Transfer to Temporary Structure

To conduct the load transfer from the existing cable stays to the temporary structure, it was imperative
to simultaneously destress the existing cable stays whilst tensioning the temporary cable stays.
Without destressing the existing system, the bridge deck would deflect upwards when loading the
temporary cables. To avoid the excessive deflection problem, the contractor designed a destressing
configuration which was fixed to the connection pin of the existing deck anchors.

The load transfer between the existing cable-stay structure and the temporary structure was achieved
using the following methodology and sequence:

1) Stress all temporary cables in cross-pattern to 25% of the design loading
2) Survey the rise in the bridge deck RLs limiting it to a maximum of 10mm
3) Destress the existing cables monitoring the return of the bridge deck level back to the original RLs

4) Return to step 1 and increase the load by another 25%, and repeat this sequence until the full load
is transferred from the existing cable stay to the temporary structure

5) Full load transfer was achieved once the existing cables showed considerable slack without the
presence of tension except for self-weight.

4 Demolition Works

A critical stage in the demolition work was the removal of the old concrete mast. The contractor
achieved this by concrete wire-cutting the mast flush with the deck while maintaining its stability with a
mobile crane holding the top of the mast. Once the wire cutting was completed, the mast was
precisely lifted out from within the temporary steel structure onto the adjacent road. A critical factor in
the process was avoiding the 15 Tonne concrete mast from striking the temporary steel structure,
which at this stage supported the entire bridge. This could potentially have caused a catastrophic
collapse of the bridge. Once the mast was removed and lowered down onto the road, it was further cut
in half to facilitate transport off-site. For safety reasons, this work was conducted at night with partial
freeway closure.



5 Permanent Cable-Stay Design

5.1 Mast

The new concrete mast was a visual replica of the existing one but with a higher load capacity for
durability purposes. It was further designed in sections for off-site modular pre-casting, allowing for
manageable loads during installation. There was an in-situ plinth poured 700mm high and 2 precast
concrete mast sections with a top capping. The lower mast section was 6795mm long & 17.8 tonnes,
the upper mast section was 6670mm long & 13.1 tonnes, and the top capping was 805mm long & 0.8
tonnes. All the sections were installed during consecutive night shifts, by lifting them within the centre
of the temporary steel mast under precise survey guidance. Each of the 2 main sections was
connected to the plinth by 6 x 25mm dia. high tensile stress bars through ducts which were grouted
after applying the stressing loads.

5.2 Stay-Cables

The 4 permanent bridge cable stays consisted of 16 individual single strands within a heavy-duty
HDPE external protective sheathing with a welded flange bolting directly onto top and bottom
anchors.

The Stay Cable strand was made from a 15.7mm diameter 1860Mpa galvanised steel wire strand,
waxed and individually HDPE sheathed. Strands had an MBL of 279kN and were manufactured to AS
NZS 4672-07 and Euro norm prEN 10138.

5.3 Deck and Mast Cable Anchors

The deck and mast anchorages were both fully locally fabricated to Australian and international
standards. Fabrication was conducted under the Contractor’s licence with an international specialist
bridge component designer and manufacturer.

The new cable stay deck anchor was designed to connect to the existing deck connection and was
adjustable in length allowing for future tendon replacement. For the full design drawing of the deck
anchor please refer to Appendix B. The top anchors connected to the new concrete mast, which linked
each cable pair through the mast for vertical load transfer and reduced instability.
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Figure 9-Deck Anchor

5.4 Load Transfer to Permanent Cable-Stay

The 16 strands were loaded individually in a pre-determined stressing pattern in 25% increments as
per the below loads. The stressing in 25% increments was synchronised and conducted
simultaneously for each cable pair to maintain stability within the mast and the bridge deck. The level
of the bridge deck was monitored at all times for a maximum movement of 10mm, after which the
contractor completed a de-stressing stage in the temporary cables to reposition the bridge back to its
original RL.

The final transfer loads for the permanent cable stay were as follows:

e Outer cable tendons 53kN — 855kn/cable which is 75% of the theoretical loads (71kn/tendon
& 1140kN/cable)



¢ Inner cable tendons 70kN — 1120kn/cable which is 60% of the theoretical loads
(118kn/tendon & 1890kN/cable)

This was in line with the 75% design loading of the temporary cable system observed during the load
transfer from the existing to the temporary system.

A final adjustment was made as required to the 4 cable stays to return the deck level to its original
position.

6 Conclusion

The project was successfully completed on time with minimal disruption to the public and, due to the
methodology adopted by the contractor, the originally forecast total freeway closure and associated
detours were avoided. The Main Roads WA were extremely happy with the overall project delivery.
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Figure 10-Completed Mount Street Bridge Project
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