Armadale Road to North Lake Road Bridge Project

James de Burgh', Boris Vujovic? and Shane McCarney?
1Associate — Structures, BG&E
2Technical Director, BG&E
3Associate - Civil, BG&E

Abstract: The Armadale Road to North Lake Road Bridge project targeted congestion at the Kwinana
Freeway, Armadale Road and Beeliar Drive interchange, then Perth’s fifth most congested intersection,
by directly connecting North Lake Road (to the west) with Armadale Road (to the east). This connection
included a new bridge over the Freeway, a new trench structure and several further bridges and
underpasses to complete grade separations and connect collector-distributor roads to residents and
businesses.

Design of the bridge over Freeway adopted an innovative detail of Teeroff beams (wide precast trough
beams) made continuous in-situ in a position 3.0m adjacent to the tops of piers. This detail enabled a
total structural depth of just 2.0m for a main span of 49.04m, with beneficial minimisation to the extent
and scope of civil works and tie-ins at both ends of the three-span bridge.

The “duck and dive” trench structure under Solomon Road roundabout is the first of its type for Western
Australia, providing grade separated passage of Armadale Road under, with two curved bridges
supporting sides of the roundabout.

The project made extensive and efficient use of precast concrete solutions for bridge, underpass and
retaining structures — with MSE walls, tied walls and precast cantilever walls employed to best suit
conditions.

Construction of the $259 million project was successfully completed in Dec 2021 by the Armadale
Access Alliance — comprising Laing O’Rourke, BG&E (Civil and Structural designers for the project) and
Main Roads WA.
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1. Introduction

The Armadale Road to North Lake Road (ARNLR) Bridge project is located approximately 20km South
of the Perth CBD and targeted several upgrades and improvements to main roads in the City of
Cockburn. These included:
e Reducing congestion at the Armadale Road, Beeliar Drive and Kwinana Freeway intersection,
then Perth’s fifth most congested intersection;
¢ Dividing heavy regional traffic from local traffic along Armadale Road, and diverting through-
traffic around the Cockburn Central Activity Centre, and;
e Improving access to Cockburn Central Train Station to alleviate congestion and support growth
of the transport hub with eventual connection into METRONET Thornlie-Cockburn Link (TCL)
project.

The ARNLR Bridge project followed on from the earlier adjacent Armadale Road Upgrade project
(constructed 2018-2020) completed by the Metropolitan Road Improvement Alliance (MRIA).

Following an initial tender process, the ARNLR Bridge project was awarded to the Armadale Access
Alliance comprising Laing O’Rourke, BG&E and Main Roads WA. BG&E provided the services as
structural, civil and drainage designers for both the tender and detailed designs. The $259m project was
jointly funded by the Federal ($207.2m) and State ($51.8m) governments. The design was complete in
mid-2020, and construction complete by the end of 2021.

The high level scope of the project is shown in Figure 1 below. The major structures include:
e Bridge No. 1733 over the Kwinana Freeway, (connecting North Lake and Armadale Roads);
e Roundabout interchange Bridge Nos. 1826 and 1827 (connecting Solomon Road/Beeliar Drive
and collector-distributor roads over Armadale Road) including associated dive structures;
e Bridge No. 1828 carrying Armadale Road over roundabout (connecting Tapper Road/Verde
Drive and collector-distributor roads) and associated approach structures;
e Bridge No. 1825 carrying Armadale Road over PTA Carpark access road;
e Underpass No. 9472 for shared path access through Bridge No. 1828 approach structure, and
Underpass No. 9454 for principal shared path access under the vehicle ramp to Freeway north.



In addition, the project included structural signs and VMS gantries as well as various noise and retaining
walls. The design was delivered in close collaboration with Laing O’Rourke, the Alliance partner and
end client Main Roads WA (MRWA) and key stakeholders.
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Figure 1. Armadale Road to North Lake Road Bridge Project - Locality Plan

2, Structures
2.1 Bridge over Freeway (Br. 1733)

Bridge No. 1733 is a continuous three-span prestressed concrete bridge that supports Armadale Road
over the Kwinana Freeway, including several north-bound and south-bound Freeway ramps, Public
Transport Authority (PTA) railway lines, a principal shared path, and the future station rail platform —
refer Figure 2. The bridge has an 11.71° skew and a span arrangement of 29.19m—49.04m-38.06m
between supports when measured along the bridge centreline. The location and alignment of the bridge
has been primarily determined by the road geometry for Armadale Road/North Lake Road, with pier
locations generally constrained by the rail/freeway geometry.
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Figure 2. Bridge No. 1733 — General Arrangement — Elevation

All project bridges are designed to AS 5100.5:2017 as modified by the project Basis of Design/SWTC
and Main Roads WA requirements, with a 100 year design life. Bridge No. 1733 substructure includes
full height mechanically stabilised earth (MSE) at both abutments. The bridge superstructure is
supported independently on abutment columns and parallelogram-shaped pier columns on spread
footings. Pier No. 2, which is closest to the PTA rail, includes an integrated continuous pier protection

wall and an independent deflection wall laterally stabilised by raked steel screw piles for derailment risk
mitigation.

The width of Bridge No. 1733 is based on the following minimum configuration (looking West): 1.0m
shoulder, 4 x 3.5m lanes, 2.0m median, 2 x 3.5m lanes, 1.0m shoulder, and 4.0m shared path with 0.3m

shoulders. The structural deck width is approximately 30.69m with allowance for concrete barriers and
balustrade upstand — refer to Figure 3.
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Figure 3. Bridge No. 1733 — Typical Deck Cross-Section
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During tender phase, the design team investigated a range of structural configurations for the
superstructure of Bridge No. 1733 including post-tensioned launched box girder, as well as simply
supported and continuous prestressed concrete alternatives. Considering the latter two prestressed
concrete options, these were both optimised to incorporate 8 No. adjacent precast trough (“Tee-roff”)
beams per span (each approximately 3.8m in width). In the simply supported configuration, a total
structural depth of 2.45m was required, resulting in a span/depth ratio of 20 with 2.25m deep
pretensioned beams. In continuous configuration, the total structural depth could be optimised to just
2.0m, resulting in a span/depth of 24.5 with 1.8m deep pretensioned beams with appropriate staging —
a major contributing factor being the ideally proportioned end-spans of approx. 60% and 78% of main
span length.

To achieve bridge beam continuity, the design team considered several alternatives and adopted an
innovative detail that employed 3.0m cantilevers from both Spans 1 and 3 precast bridge beams into
the main span. Span 2 precast beams were temporarily supported on sacrificial steel corbel and bearing
arrangements before being made continuous by an in-situ reinforced concrete beam stitch. Refer to
Figure 3 below for more detail on the geometry.
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Figure 4. Bridge No. 1733 - Typical In-situ Beam Stitch Detail

After completing the construction of substructure, the main superstructure staging involved the following
steps:

1. Installation of precast beams for Span Nos. 1 and 3 along with temporary edge protection to the
edge beams.

2. Installation of precast beams for Span No. 2 (including temporary edge protection to edge
beams) The beams were supported on cantilevered ends of adjacent spans.

3. Installing temporary beam connecting frames (connecting outermost Span 2 precast beams with
the adjacent inside beam) to provide additional lateral and rotational restraint to edge beams
against edge protection/screen wind loads.

4. Install reinforcement into in-situ beam stitches (including longitudinal and transverse bars into
couplers to achieve longitudinal continuity and transverse shear and torsional transfer) and
install deck reinforcement.

5. Pouring in-situ deck slab over each end span (in turn) extending 6.0m into the central span to
establish continuity between composite end spans and central span precast beams.

6. Pouring in-situ deck slab over the remaining central span deck area.

The adopted precast-made-continuous superstructure detail had several key project advantages:

e Reducing pier widths from 1.6m to 1.1m (approx. one-third reduction), eliminating pairs of bridge
end bearings, saving material and enabling further positional optimisation.
e Reducing the total superstructure depth by 0.45m substantially reducing the extent and scope

of civil works and tie-ins at both ends of the three-span bridge due to the vertically constrained
road geometry and minimum clearance.



¢ Reducing the maximum beam lifting weight and cranage requirements (l.e., maximum beam
weight reduced from estimated 187 tonnes to 148 tonnes), a key consideration noting
inaccessibility of the of rail corridor for lifting.

¢ Reducing the maximum precast beam length to 43.0m and reducing Span 2 beam pretensioning
strands to 110, keeping maximum beam size within manufacturing capacity of several local
precasters.

o Effectively eliminating construction work at heights below the superstructure following beam
lifting, all work in preparing beams for continuity stitching was done above the deck.

Figure 5. Bridge No. 1733 — Under Construction (prior to deck reinforcement installation)

2.2 Roundabout interchange bridge No’s. 1826 and 1827

Bridge No’s. 1826 and 1827 each support the Solomon Road/Beeliar Drive roundabout over Armadale
Road - refer to Figure 6. The dual lane roundabout interchange provides local traffic connection to
collector-distributor (CD) roads running westward and eastward parallel to the trenched Armadale Road.
This innovative interchange arrangement is referred to as a “duck and dive” interchange and is the first
of its kind in Western Australia. It offers several advantages over traditional interchange designs,
including reduced land requirements, improved road safety and noise and enhanced local community
amenity.
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Figure 6. Bridge Nos. 1826 and 1827 — General Arrangement — Plan

The two interchange bridges feature a single span simply supported prestressed concrete
superstructure with a nominal span length of 20.4m between abutment bearings. The  deck  edge
profiles around the roundabout are determined by several factors including the requirement for a curved
deck edge, minimum outside verge width and sight line requirements around the bridge barriers. The



outer deck edge of Bridge No. 1826 is further constrained by the shared path geometry and northern
and southern CD road pedestrian crossing location requirements. The inner deck edge is controlled by
sight line requirements around the roundabout.

For the construction of the bridge deck, straight precast Tee-roff bridge beams were utilised with edge
beam top flanges curved to match the horizontal deck edge profile. The total structural depth adopted
was 1.1m, resulting in a span/depth ratio of 18.5 with 0.9m deep pretensioned beams. Each bridge
comprises five bridge beams, oriented at a slight skew of approximately 5° relative to the abutments to
minimise the variation in the edge beam flange widths. The project Scope of Works required a minimum
deck cantilever of 1.0m. The typical in-situ concrete deck thickness is 200mm minimum, varied in a non-
uniform fashion at approximately 2% cross-fall to suit the roundabout surface geometry. The maximum
precast beam width is 4.75m from corner to corner, with extreme corners of the in-situ bridge deck
required to be separately formed and poured where precast beam flange widths were not sufficient.

The width of Bridge No. 1826 is based on the following minimum configuration (looking South): 3.0m
(min) inner verge, 2 x 4.8m lanes, 1.0m shoulder, 1.0m (min) verge, and 3.0m shared path with 0.3m
shoulders — refer Figure 7. Including barriers, the structural deck width is approximately 20.19m
minimum and 22.8m maximum. Bridge No. 1827 has a similar configuration, but without shared path,
resulting in a width approximately 2.0m narrower.
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Figure 7. Bridge No. 1826 - Typical Deck Cross-Section (Bridge No. 1827 similar)

Both Bridge No. 1826 and Bridge No. 1827 employ constant slope barriers on the inner and outer edges
of the bridge decks. To accommodate the curved bridge profile, short length flat precast facing panels
(typically 1.0m long) were used to achieve an aesthetically pleasing appearance — refer Figure 8. The
panels were connected to the bridge deck edge through an in-situ pour to achieve monolithic behaviour.

Figure 8. Roundabout interchange bridge No’s. 1826 and 1827 — Nearing completion

Both bridges have been designed for HLP 400 and multiple lanes of SM1600 design vehicles located
between kerbs. In addition, to accommodate the potential for stray vehicles on the roundabout anywhere



between barriers additional S1600 lane was applied on verges/footpath and additional design scenario
of up to 5 lanes of T44 was also considered. .

The trench walls, which enable four lanes of Armadale Road to pass underneath the roundabout, were
designed as full height MSE walls. The bridge superstructures are supported independently on a
reinforced concrete sill beam, columns and onto spread footings. To minimise the wall area and height,
and maximise openness and light entering the trench, a curved top of wall profile was adopted between
bridges.

2.3 Bridge No. 1828 carrying Armadale Road over Tapper Rd/Verde Dr roundabout

Bridge No. 1828 supports Armadale Road over the dual lane roundabout, which connects Tapper Road,
Verde Drive and the CD roads running eastbound and westbound parallel to the raised Armadale Road.
The location and alignment of the bridge is determined primarily by the road and roundabout geometry,
as well as the Basis of Design requirements. The bridge is approximately 108m in length and includes
two long approach structures, covering a total extent of approximately 500m. Approximately 80m
westwards of Bridge No. 1828 spans is Underpass No. 9472 which passes underneath Armadale Rd
and through the approach walls. Refer to Figure 9 below.
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Figure 9. Bridge No. 1828 — General Arrangement — Plan

The bridge consists of a three-span simply supported prestressed concrete superstructure with nominal
spans of approximately 35.5m between abutment or pier bearing centrelines. The span lengths were
selected to ensure four ovoid columns (per pier) are located sufficiently internal to the roundabout to
meet sight line requirements.

Due to the slight horizontal curve of the bridge, the straight precast Tee-roff bridge beams are curved
along the edge beam top flanges to match the horizontal deck edge profile. The total structural depth of
2.0m was used, resulting in a span/depth ratio of approximately 17.8 with 1.8m deep pretensioned
beams and a minimum 0.2m thickness in-situ concrete deck. Each bridge comprises four bridge beams
per span, with link slabs provided over piers to achieve continuity of the bridge deck slab. Semi-integral
abutments are employed at each end of the bridge.

Bridge No. 1828 has the following minimum configuration (looking West): 1.0m shoulder, 2 x 3.5m lanes,
1.8m median (including central constant slope barrier), 2 x 3.5m lanes and 1.0m shoulder — refer Figure
10. The structural deck width is approximately 18.55m in total, including barriers There is no requirement
for shared paths on the bridge, shared paths are instead provided at CD road level.
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Figure 10. Bridge No. 1828 - Typical Deck Cross-Section



The project Basis of Design required provision of medium performance level bridge barriers along both
deck edges. A 1300mm high modified Texas HT type bridge barrier was adopted on the northern deck
edge to allow views from vehicles over the lower concrete portion into the adjacent commercial area.
Opposite, an 1100mm high constant slope concrete barrier was adopted on the southern deck edge
along with continuous lightweight architectural screen wall, to prevent visual intrusion from vehicles into
the adjacent residential area.

Due to the constrained nature of the cross section, with eastbound and westbound CD roads running
parallel and in proximity, the elevated Armadale Road is required to be continuously retained by long
approach walls up to both bridge abutments — refer to Figure 11. Tight space constraints and the
requirement for medium performance barriers (MASH TL5 equivalent) located over walls further
constrained options. A constructability and value engineering process considered various options for
these walls, including MSE alternatives for higher retained heights. Ultimately three different structural
configurations were adopted, depending on the retained height at the wall:

e For low height walls retaining 0.6m-1.5m, L-shaped cantilever retaining walls were used. These
incorporated precast facing panels, with in-situ footing and in-situ wall panel facing profiled to
form the constant slope or Texas HT barriers for Armadale Rd above.

e For intermediate height walls retaining from 1.5m-3m, an L-shaped retaining wall with tension
tie located near the top was adopted. These incorporate 0.25m thick precast facing panels, with
in-situ footing and with a continuous in-situ barrier pour to provide continuity and the desired
barrier profile. To achieve the barrier loading requirements and optimise the wall thickness, steel
wall ties were provided between opposite in-situ barrier pours.

e For high walls retaining 3.0m up to approximately 7.0m, tied retaining walls were used. These
incorporate 0.2m thick precast facing panels, tied together within the retained soil block at
typically 1.2m vertical and 0.84m horizontal centres. A continuous in-situ barrier pour was
employed to achieve the desired barrier profile and structurally connect precast panels, enabling
distribution of barrier impact force and mobilisation of multiple tension ties. Ties consisted of
hot-dip galvanised steel plate straps, located at typically 1.2m vertical and 0.84m horizontal
centres.

An alternative employing MSE walls was investigated for the high walls, however the more complicated
barrier details, additional numbers of tie straps requiring installation, and more onerous requirements
on backfill specification, meant that tied walls were the chosen design solution.

While the structural form of the retaining wall varied along the length of approaches, the aesthetic facing
of the wall maintained a consistent appearance to provide a seamless integration between the two
bridges, in sympathy with the landscape and urban design.
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Figure 11. Bridge No. 1828 — Abutment approach walls



As noted above, the abutment approach walls also incorporated Underpass No. 9472, a precast
trapezoidal underpass that extends the approximately 18m from one side of approach walls to the other.

Refer Figure 12 for a completed aerial photograph of Bridge 1828 taken looking southwest, such that
the adjacent commercial and residential properties are visible.
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Figure 12. Completed Bridge No. 1828 and approach structures.

3. Conclusions

The Armadale Road to North Lake Road Bridge project targeted congestion at one of Perth’s most
congested intersections, with creation of a new bridge over the Freeway, a new trench structure and
several further bridges and underpass structures.

Many structural solutions adopted on the project are incremental optimisations of existing concepts, with
some new ideas and boundaries pushed to achieve the best outcomes for project. Extensive and
efficient use was made of precast concrete solutions, enabling off-site fabrication and minimising
formwork and working at heights on site.

All new bridge structures in the ARNLR Bridge project employed precast pretensioned “Tee-roff” bridge
beams with in-situ deck slab — this being the preferred economical and durable bridge solution as
identified during the project tendering stage. In recent times, Tee-roff bridges are the predominant bridge
form in Western Australia where they are employed typically in road and rail bridge spans from
approximately 20m to 50m — where individual beam widths typically range from 3.0m to 5.5m and
weights are typically from 80tonne up to 200tonne.

Official opening of the Armadale Road to North Lake Road bridge project was on 15t December 2021.
To date, the project has won three awards: 2022 Civil Contractors Federation Western Australia (CCF
WA) — Earth Awards Winner of Best Civil Engineering Works Over $150million, and two awards from
2022 Master Builders Bankwest Excellence in Construction Awards — Best Civil Engineering Works Over
$100million and Construction on a Challenging Site.
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