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1 EXECUTIVE SUMMARY

Hyder Consulting has been engaged by the City of Swan of (CoS) to prepare a preliminary
design report to investigate the options for the proposed crossing over Ellen Brook in Upper
Swan.

The aim of this investigation has been to develop three distinct bridge options and to assess
them against the evaluation criteria, the evaluation criteria assessed for the impact on heritage,
environment, hydrology and hydraulics, bridge aesthetics, bridge cost, constructability and
durability. The bridge cost criterion has been given the greatest weighting factor of sixty (60) per
cent whereas the other criteria have been allocated the factor of five (5) and ten (10) per cent.

Even though the project site is located within a residential and metropolitan area it could be
defined as ‘greenfield’ due to the lack of constraints related to under and overground services
and a limited traffic management required during construction. However, the site has been
classified as an ‘other heritage place’ by Department of Indigenous Affairs (DIA), which means
that the site may become registered if sufficient evidence / information is collected during the
heritage survey which currently is taking place.

Ellen Brook is zoned as ‘Parks and Recreation’ under Metropolitan Region Scheme and the
project site crosses a section which is classified as a Conservation Category (CC) Wetland.
Therefore, a full environmental assessment was undertaken to establish any potential impact of
the new crossing on the local environment. Considering the state of the vegetation in this area it
was concluded that the construction of the new road and bridge has a low to unlikely risk of any
significant environmental impact. Potential impacts on water flow, groundwater table, discharge
of pollutants shall be managed during construction through an Environmental Management
Plan. Out of the group of the environmental risks construction in the wetland areas may be a
concern to the Department of Environmental Protection (DEC).

During the preliminary design an extensive hydrological and hydraulic investigation assessment
was carried out in order to determine suitability of options and their impact on flood immunity
and afflux created. All of the proposed bridge options meet the 100 Annual Reoccurrence
Interval (ARI), afflux and freeboard requirements. However, only Option 1 (single span bridge)
and option 2 (three-span bridge) provide excellent hydraulic results with a very little impact
(30mm and 20mm afflux respectively out of 70mm allowable). Option 3 (precast arch) also
meets the criteria but only when a local realignment and deepening of the channel is
undertaken. These localised works are not extensive in their magnitude, but require additional
construction activities within the channel itself. Also, due to the span limitation (max 21m) the
arch footings are partially located within the river channel.

In the constructability and durability category option 3 (precast arch) clearly prevails over the
other two options due its simple design, smaller members allowing for easier construction, and
the lack of expensive bridge elements requiring a periodic replacement.

Each of the bridge options have been subjected to the evaluation of their costs in order to
establish an overall score which is used in the selection of the preferred structure. The most
cost-effective crossing has been determined to be Option 1 ($3.144M excl. GST) whereas the
other two alternative options have been estimated at $5.072M (Option 2) and $6.423M (Option
3).

Following the results of this study and based on the evaluation criteria, as outlined in section 6
of this report, the preferred solution is Option 1 (Single span T-Roff bridge) reaching the overall
score of 4.44 compared to option 2 and 3 with scores of 3.23 and 2.81 respectively. Therefore, it
is recommended to proceed to the detailed design phase with Option 1.
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2.2

2.3

24

INTRODUCTION
DESIGNER'S BRIEF

The project brief is to provide engineering consultancy services for the design of Railway
Parade Bridge over Ellen Brook in Upper Swan. The proposed bridge will cross the Ellen Brook
and connect the northern and southern section of Railway Parade.

The preliminary design will consider three options of crossing the Brook which will be priced and
assessed against evaluation criteria in order to select the preferred option.

Structural, Hydrology and Hydraulics, Geotechnical Investigation and Lighting Design aspects
form part of this scope whereas Heritage and Environmental matters are being addressed by
third parties directly appointed by City of Swan.

BACKGROUND TO THE PROJECT

The proposed bridge over the Ellen Brook will connect the northern and southern sections of
Railway Parade. This will facilitate a direct north-south route from the intersection of Railway
Parade and Great Northern Highway along Muchea South Road to the Brand Highway.

The bridge infrastructure will provide improved road travel options through this region, inclusive
of alternative options in emergency situations. The proposed bridge will be co-funded by the
CoS in conjunction with financial contributions from the developers of Ellenbrook Village 8
Annie’s Landing and from the developers of the future Upper Swan urban area.

PROJECT OBJECTIVES

The primary objective of the project is to deliver a high quality and durable crossing, which
represents the best value for money solution for the City of Swan and its’ residents.

PREVIOUS STUDIES

Big Island Research were engaged as consultants to undertake a Desktop Study for Aboriginal
Heritage. Their report was completed in June 2012 and recommends that further consultations
will be required during the preliminary design stage.

PGV Environmental were engaged as consultants to undertake a Desktop Study for
Environmental Assessment. Their report was completed in April 2013. This report
recommended further studies, a Level 2 Flora and Vegetation Survey and a Significant Impact
Test on the site for Matters of National Environmental Significance. These studies were
completed in 2013/2014.

Traffic modelling was undertaken by ARRB in 2011. Details of this investigation are included in
Ellenbrook and Upper Swan Traffic Modelling — Supplementary Report, project No. 003081
dated October 2011.
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3.2

3.3

SITE AND FUNCTION
SITE LOCATION

The proposed bridge will be at a crossing point of the Ellen Brook that will join both sides of
Railway Parade, at a location approximately 1250m north of the Apple Street Railway Parade
intersection.
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The site is accessible via Railway Parade to both the North and South of the Ellen Brook.
Railway Parade is a narrow rural road to the south (typical width 5m) and haul road to the north
(typical width 9m). This haul road is used as access to The Vines residential development,
which is currently being constructed as an extension of Ellenbrook development. Railway
Parade intersects with Apple Street to the South and Maralla Road to the North. Both of these
roads provide access to the Great Northern Highway to the east of the bridge site. There are
uncontrolled railway crossings at both Apple Street and Maralla Road.

The land to the North and South of the proposed crossing is zoned Urban and Urban Deferred
and the Ellen Brook is zoned as Parks and Recreation.

FUNCTION OF THE STRUCTURE AND OBSTACLES CROSSED

The proposed bridge structure will carry road and pedestrian traffic over the Ellen Brook. The
channel of the Brook at the location of the proposed crossing is at approximately twenty five
(25) degree angle to the proposed road alignment. The width of the existing channel narrows
down towards west from its maximum width at the existing railway bridge. At the location of the
crossing the minimum width of the existing channel is approximately 19m measured along the
bridge.

CHOICE OF LOCATION

The location of the crossing is pre-determined by the existing southern and northern sections of
Railway Parade. The new road alignment remains within the road reserve and the road centre
line is located approximately in the middle of the reserve.
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3.4

3.5

3.6

3.7

SITE DESCRIPTION AND TOPOGRAPHY

The local topography can be characterised as a relatively densely vegetated flat land with high
points at the south bank and the existing approach embankment to the existing railway bridge
on the north side of the brook.

The channel itself is well defined at the proposed crossing and it narrows down towards west.

Approximately 35m east of the proposed crossing the existing three span railway bridge is
located whereas west of the proposed structure, approximately 72m away, an existing RCB
culvert exists.

VERTICAL AND HORIZONTAL ALIGNMENT

The proposed alignment at the location of the crossing is as follows:
= Horizontal alignment: on straight

= Vertical alignment: 0.5% grade rising towards north
CROSS-SECTIONAL DIMENSIONS ON THE ALIGNMENTS

The proposed cross-sectional dimensions at the location of the crossing are given in Table 3
below.

Table 3.1: Bridge Cross Section

Bridge Cross-section Width [mm]

Precast Parapet plus Kerb 740
Shoulder 600
Carriageway 2 x 3,500
Shoulder 600
Barrier Strip 536
Principal Shared Path 3,000
Precast Parapet 460
TOTAL 12,940

EXISTING UNDERGROUND AND OVERGROUND SERVICES

At the location of the crossing no other services were identified except for a damaged irrigation.
An overhead line of Western Power runs parallel to the existing railway line and is located on
the east side of the line.
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3.8

3.9

GEOTECHNICAL SUMMARY

Due to the potential heritage significance of this area and the lack of appropriate approvals a
geotechnical investigation could not be undertaken during the preliminary design.

City of Swan decided to proceed with the preliminary design on the basis of a desktop analysis
using characterised geotechnical conditions and anticipated soil design parameters. A more
detailed geotechnical investigation will be needed to confirm the design assumptions.

The following is the brief description of the expected ground conditions in this area, which is yet
to be confirmed by the actual site investigation when required approvals are obtained.

The ground model is assumed based on available geological maps and experience in the area,
with no geotechnical investigation data available from the site. The ground conditions in the
area of the bridge from the top of the river channel are expected to comprise Stiff, Very Stiff
sandy clay of the Guildford Formation likely to become hard sandy clay at depth. Within the river
bed in the upper 1 to 2m there are likely to be loose alluvial sands. For the purposes of
preliminary design it has been assumed the ground model comprises Stiff to Very Stiff sandy
clay as presented in Table 3.2 below.

Table 3.2: Expected Ground Conditions

Unit Weight Undrained Undrained Ultimate Shaft Ultimate End
(KN/m?®) Young’s Shear Strength Friction Bearing

Modulus () ((GE)] Capacity
(MPa) (kPa)

Very Stiff 18.0 35 100 80 2,000

Sandy Clay (bored / CFA)  (bored / CFA)
(Guildford 20.0 (from 5m 150 (from 15m

below ground below ground 110 (driven) 4,000 (driven)
level) level)

Formation)

The geotechnical parameters selected are moderately conservative typical parameters of the
Guildford Formation.

The Guildford Formation in this area may comprise cemented layers of up to 2m in thickness,
which may cause high pile driving resistance and pile refusal. A pile driveability analysis will
need to be undertaken following completion of the geotechnical investigation to assess the
suitability of using driven piles.

At this stage and based on the limited available information it is not expected Acid Sulphate
Soils are present on site.

HYDROLOGY AND HYDRAULIC SUMMARY

The inputs required for the hydraulic component of the study were the peak flows at the model
boundary locations for 2, 5, 10, 20, 50, 100 and 2000 year average reoccurrence interval (ARI)
storm events. To obtain these peak flows at the required locations, a site-specific rainfall-runoff
model was developed and calibrated using historical flow data. Section 3 below details the
methodology and results of this rainfall-runoff model.

Ellen Brook starts just south of Lennard Brook and flows into the Swan River, approximately
7km southwest of the site. The Brook is fed from the Dandaragan Plateau, at the northern end
of the Darling Range, as well as smaller watercourses along the way including Sawpit Gully, Ki-
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It Monger Brook, Nambah Brook, Rocky Creek and Breera Brook. The total catchment area of
Ellen Brook at the site is approximately 582km2, with an additional catchment area of
approximately 16km2, joining Ellen Brook just downstream of the site via Sawpit Gully.

There is a distinct difference between the eastern and western portions of the catchment. The
western segment stretches from Gingin RAAF base down to Sawpit Gully. It is relatively flat with
average sub-catchment grades in the order of 0.003 m/m. The soil in this region is typically
sandy, with relatively high infiltration losses as a result. The eastern segment is steeper, with
average grades in the order of 0.007m/m. While both segments are comprised of a combination
of agricultural land and relatively dense vegetation, the western segment has a higher
proportion of dense vegetation, predominantly made up of Gnangara-Moore River State Forest.

Several gauging and rainfall stations were available for data extraction, with two Department of
Water (DoW) gauging stations recording flow data within the catchment. The Railway Parade
(ID 616189) gauging station will provide the most relevant flow data as it is located 60m
upstream of the project site. This station has an extensive flow record spanning 50 years. The
location and quality of this gauging station allows for the development of an accurate rainfall-
runoff model, as it can be calibrated with no hydrologic extrapolation required. The other flow
gauging station within the catchment (Brand Highway, ID: 616100) was therefore deemed
superfluous and was not used for analysis.

Bureau of Meteorology (BOM) rainfall stations were also utilised for the study for input into
Stage 2 of the model calibration process.

In order to develop an accurate rainfall-runoff model, the Ellen Brook and Sawpit Gully
catchments were divided into subcatchments. Ellen Brook and Sawpit Gully were divided into 14
and 4 subcatchments respectively. The Ellen Brook channel itself represented a catchment
boundary for many of the subcatchments. This enabled a distinction within the model between
the eastern and western segments of the catchment, which possess different physiographic
characteristics.

In order to produce design flows at the site, a rainfall-runoff model for Ellen Brook and Sawpit
Gully was developed. The software used was XP-RAFTS, an industry standard rainfall-runoff
modelling package. XP-RAFTS uses the Laurenson non-linear run-off routing procedure to
develop a stormwater run-off hydrograph from either an actual event or a design storm based
on BOM and AR&R data processes.

The Stage 2 calibration result was produced using only two rainfall stations throughout the
598km2 catchment, when ideally more rainfall data locations would be available, whereas Stage
1 was performed based on a thorough data record. Thus the Stage 2 calibration results serve to
verify the results of Stage 1, rather than override them. As a result, the Stage 1 calibration
results were adopted as the design flows for this study and used as inflows for the hydraulic
modelling procedure.

As part of the preliminary design process three (3) alternative bridge options were considered.
Option 1, a single span bridge design, was modelled downstream of the existing Railway Bridge
at the Railway Parade crossing. The following table presents the bridge design parameters and
flow characteristics in this scenario.

Table 3.3: Option 1 — Flow Characteristics

Velocity Channel

Bri WSL at th
ridge U/S St atthe through Invert

Design ARI Bri Length | N f
esign ridge Leng umber o WSL ET

Event (Year) (m) Spans Bridge Level

(m AHD) (m AHD)

(m/s) (m AHD)

100 29.6 1 13.11 13.05 1.32 10.1

Railway Parade Bridge over Ellen Brook—Preliminary Design Report
Hyder Consulting Pty Ltd -ABN 76 104 485 289 Page 5

f\aa007882 city of swan railway parade bridge\f-reports\5001 preliminary design report\a5001-aa007882-aar-
00_preliminary_design_report.docx



Velocity Channel

Brid WSL at th
ridge U/S St atthe through Invert

Design ARI Bridge Length | Number of
esign ridge Leng umber o WSL Bridge

Event (Year) (m) Spans Bridge Level

(m AHD) (m AHD)

(m/s) (m AHD)

2000 13.99 13.89 1.51

The hydraulic model results show that the maximum afflux in this scenario is 30mm for the 100
year ARI and it occurs between the crossing and the existing Railway Bridge. The afflux is
based on the flow levels from the existing case and Alternative 1.

Option 2, a 3 span bridge design, was modelled downstream of the existing Railway Bridge at
the Railway Parade crossing. The following presents the bridge design parameters and flow
characteristics in this scenario.

Table 3.4: Option 2 — Flow Characteristics

Velocity Channel

Bridge U/S WSL at th
regs atine through Invert

WSL Bridge

Design ARI Bridge Length Number of

Event (Year) | (m) Spans Bridge Level
(m AHD) (m AHD) ) (m AHD)
100 13.10 13.07 1.05 10.1
1(25.4)+2(11) 3
2000 13.97 13.92 1.15

The Hydraulic model results show that the maximum afflux in this scenario is 20mm for the 100
year ARI and it occurs between the crossing and the existing Railway Bridge.

Option 3, a precast arch design, was modelled downstream of the existing Railway Bridge at the
Railway Parade crossing. The following presents the bridge design parameters and flow
characteristics in this scenario.

Table 3.5: Option 3 — Flow Characteristics

Velocity Channel

Brid WSL at th
ridge U/S st atthe through Invert

Design ARI Bridge Length Number of

WSL Brid
Event (Year) | (m) Spans (m AHD) (r: A?:D) Bridge Level
(m/s) (m AHD)
100 13.20 13.09 1.36 10.1
21 1
2000 14.16 13.95 1.74

The hydraulic modelling results show the maximum afflux in this scenario is 120mm for the 100
year flood event. This afflux is not acceptable as the allowable afflux is maximum 70mm.

The bottom width of the cross-section at the bridge location in its existing condition is 18.5m.
The potential to lower this afflux to an acceptable level was investigated. A maximum afflux of
70mm was found to be achievable if the channel is excavated to lower the bed level by 0.2m to
9.9m AHD and widening the channel to 21m.

Option 1 is likely to be the most efficient bridge design and was noted to meet all design criteria.
While Option 3 is able to be purchased as a modular, precast structure, the additional waterway
reconfiguration works required to meet the design criteria are likely to have adverse
environmental impacts and therefore is seen not be an efficient design. Option 2 shows slightly
better hydraulic performance than Option 1.
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An additional scenario was set-up to assess the potential impact of removing the existing
crossing, which is located downstream of the proposed Railway Parade Bridge. This modelling
scenario was performed using the single span bridge design (Option 1).

Table 3.6: Option 1 incl. Culvert Removal — Flow Characteristics

Velocity Channel

Bridge U/S WSL at the

Design ARI Bridge Length | Number of WSL el thr.ough Invert
Event (Year) (m) Spans (m AHD) (m AHD) Bridge Level
(m/s) (m AHD)
100 12.71 12.64 1.61 101
29.6 1
2000 13.04 12.81 2.43

As anticipated, the hydraulic model results indicate that the water surface level reduces
upstream of existing culverts. This is due to the additional surface area available following the
removal of the culverts. The afflux is negative, and when compared with the existing case, is
400mm lower for the 100 year flood event.

Refer to Appendix A for the full Hydrology & Hydraulic Assessment

3.10 ENVIRONMENTAL SUMMARY

An environmental assessment of the project site was prepared for the City of Swan by PGV
Environmental and the findings are captured in the ‘Proposed Bridge and Road Upgrade,
Railway Parade, Upper Swan — Environmental Assessment’ Report No. 2012-78, version 3
dated 29 May 2013.

In this study the following environmental factors were considered:
= Past and existing land use
= Surrounding land use
= Topography
=  Geomorphology and soils
= Surface and groundwater
=  Wetlands

= Vegetation

= Flora
=  Fauna
= Heritage

As part of the environmental investigation a flora and vegetation survey along with an
assessment of black Cockatoo habitat was undertaken. The details of these studies are
presented in ‘Proposed Bridge and Road Upgrade, Railway Parade, Upper Swan — Flora and
Vegetation Survey Report No. 2014-137 version 1, dated 5 February 2014; and ‘Proposed
Bridge and Road Upgrade, Railway Parade, Upper Swan — Black Cockatoo Habitat
Assessment’ Report No. 2014-128 version 1, dated 5 February 2014.
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The project site has been identified as stretching over several different zonings under the
Metropolitan Region Scheme. To the south of Ellen Brook the site and adjacent areas are
zoned ‘Rural’ whereas Ellen Brook is zoned as ‘Parks and Recreation’. The land north of Ellen
Brook is zoned ‘Urban’ and the eastern boundary of the site abuts the Millendon Junction
Narngulu Railway, which is zoned as ‘Railway’. The land east of the existing railway line is
zoned as ‘Special Use 6’ and has restrictions on subdivisions to protect the Western Swamp
Tortoise. To the north-west of Ellen Brook the area is zoned ‘Residential’ and ‘Special Use 4.
These areas are part of the Ellenbrook development and as such are zoned for a mixture of
purposes and such as residential, commercial and retail.

Previous and existing land uses within the proposed road and bridge works indicate that there
are no concerns for development. There has been some residential development and
vegetation has been successively cleared in the area. The construction of the bridge and road
upgrades will not impact on the rail or surrounding agricultural land. There may be some
discontent by the local residents as the traffic load on the constructed road will be higher in
volume than it currently is.

The general flow of groundwater to Ellen Brook means that any potential pollutants that could
enter the groundwater during and post construction need to be managed to prevent
contamination to the groundwater. The impact of the development of the road and bridge will
need to be managed within the framework and process detailed in the WAPC’s urban water
management planning guideline document Better Urban Water Management (WAPC, 2008) and
most likely will require an Urban Water Management Plan. The vegetation on the site that is to
be retained along Ellen Brook relies on a high water table. In order to avoid potential impacts on
groundwater levels (which in turn could affect adversely affect wetland areas), no design or
construction activities should permanently alter the current groundwater levels in this area.

Surface water discharge from the bridge and upgraded road should be able to be managed
using Water Sensitive Urban Design as outlined in Better Urban Water Management (WAPC,
2008). Construction methods proposed will need to prevent silt, rubbish and pollutants being
discharged into Ellen Brook during construction or in the event of significant rainfall during or
post construction.

Railway Parade will traverse a section of Ellen Brook which is a Conservation Category (CC)
Wetland (UFI 15734). The construction of a bridge on the site will impact on riparian vegetation
and has the potential to impact on the water quality and quantity downstream. This may be an
impediment to the approval for the construction of the bridge. This part of Ellen Brook was
included in the Riparian Concept Plan that was prepared by the Ellen Brockman Integrated
Catchment Group and this group should be contacted during the rehabilitation process.

Aside from Ellen Brook there are two Multiple Use wetlands and one Resource Enhancement
wetland on the site. Resource Enhancement and Multiple Use wetlands do not have statutory
protection however may be considered significant by the DEC. Construction in the wetland
areas may be a concern to the DEC.

The development of the site will result in clearing vegetation on the site which is mostly in
Degraded to Completely Degraded condition. The vegetation is unlikely to be representative of
a TEC or PEC and is unlikely to be significant. The level 2 Flora and vegetation survey did not
identify any species as Threatened (Declared Rare) or Priority listed flora species or listed in
Bush Forever as having conservation significance. Also, the vegetation is considered too
degraded to assign a Floristic Community. Therefore the vegetation would not be considered a
Threatened or Priority Ecological Community. The vegetation along Ellen Brook is part of Bush
Forever site 300 and provides an ecological corridor between the balance of Bush Forever site
to the west and the Ellen Brook Nature Reserve to the east. The vegetation in the road reserve
is part of a tenuous north-south link, however the ecological value of the corridor is significantly
diminished by the very poor condition of the vegetation.
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Within the project site two Schedule 1 listed species (Carnaby’s Black Cockatoo and Forest
Red-tailed Black-Cockatoo) have been determined to possibly be present. The habitat
requirements for Carnaby’s Black Cockatoo include foraging (Banksia species, Parrot Bush and
other Proteaceous shrubs), roosting (tall eucalypts and pines) or breeding habitat (Eucalypt
trees). There are very few Proteaceous shrubs and no trees on the site therefore it is concluded
that the site contains very little suitable habitat for Carnaby’s Black Cockatoo. Development of
the road and bridge is unlikely to impact on this species. The Forest Red-tailed Black Cockatoo
feeds on Marri seeds and there are a few specimens of this tree on the site. While the removal
of these trees is unlikely to have a significant impact on this species any trees that can be
retained within the road reserve should be.

The potential for Black Cockatoo species to occur on the site was investigated with Carnaby’s
Black. Cockatoos and Forest Red-tailed Black Cockatoos considered likely to visit the site The
field survey of the site did not identify any evidence of foraging on the site. The breeding and
potential breeding habitat was limited to eight Marri trees. No evidence of breeding on the site
has been recorded and there was no evidence that the site was used as roosting habitat. PGV
Environmental considers the clearing for the proposed road and bridge construction would have
a Low risk of a significant impact on Black Cockatoo species and in accordance with the referral
guidelines, referral to the Department of the Environment under the EPBC Act is not required.

The Ellenbrook Nature Reserve is located approximately 1km upstream (of watercourse — this is
approximately 500m as the crow flies) of the site. The construction of the bridge is highly
unlikely to impact on the water quantity due to the separation of the site and the habitat area for
the tortoise. Water quality in the reserve is highly unlikely to be impacted as the site is
downstream of the habitat area. A potential for the activities listed in the EPP to degrade the
Western Swamp Tortoise habitat and suggests management plans to address factors
associated with development in the area. These can be addressed as part of an Urban Water
Management Plan and in a Construction Environmental Management Plan.

Refer to Appendix B for the full Environmental Assessment report, to Appendix C for the Flora
and Vegetation Survey and to Appendix C for Black Cockatoo Habitat Assessment.

During the preliminary design phase City of Swan has sought an advice from DPAW in relation
de-classification of the wetland in advance of the required clearing permits during the
construction phase. In response to that enquiry City of Swan has been informed that it would be
unlikely to declassify a resource enhancement wetland and that Department of Environmental
Regulation is the authority to approve any clearing permits.

3.11 HERITAGE SUMMARY

A detailed heritage survey has not been completed at the time of writing this report. However, a
desktop study was undertaken by Big Island Research and its findings are provided in the
‘Desktop Report — Review of Aboriginal Sites Recorded within the Vicinity of the Proposed Ellen
Brook Bridge, Railway Parade, Upper Swan’ and summarised hereunder.

A research of the DIA Heritage database identified nine registered sites and three other heritage
places within 5km of the centre of the proposed crossing. The nature of the sites varies between
mythological, ceremonial as well as comprising stone artefacts.

Only one site is located within the proposed bridge crossing (ID 3525). This site is listed at as a
mythological site relating to Ellen Brook itself, however it has been listed as containing
‘insufficient data’. This means that the site has been assessed by the Aboriginal Cultural
Material Committee, which have decided the recording conducted has not been adequate and
has not provided enough detail regarding the site location and characteristics.
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The only other site is located within 1km from the proposed bridge crossing in the northwest
direction (ID 3441 — small scatter of stone artefacts). This site is listed as ‘stored data’, which
means it does not meet the definition of a site under Section 5 and 39 of the Aboriginal Heritage
Act 1972. It is recommended to undertake site recording to S.18 level if ground disturbing
activity are expected at this location.

The ID 3525 site is currently categorised as an ‘other heritage place’ by DIA, which means it
may become a site, however at present there is not sufficient specific information for it to be
registered.

Of a particular relevance to this project are the findings made at the Upper Swan Bridge
archaeological site (ID 4299) located approximately 7km from the proposed crossing, which is
one of the oldest sites in Australia (over 850 stone artefacts were recovered from as shallow as
700-900mm from the surface). The site of the proposed crossing is located in a similar
environmental context.

It is recommended that at the concept stage an archaeological inspection and a consultation
with Noongar Traditional Owner should be undertaken, and depending upon the outcomes of
such an investigation an application to disturb under Section 18 or Regulation 10 of the
Aboriginal Heritage Act 1972 may be required.

A heritage survey is currently being undertaken by a consultant appointed by CoS.

Refer to the full Desktop Report provided in Appendix E.

3.12 SURVEY DATA

A feature survey of the bridge site was undertaken by Whealans and provided to the design
team in PCG94 coordinate system.
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4.2

4.3

4.4

4.5

DESIGN CRITERIA
TYPE OF TRAFFIC CARRIED OVER

The new crossing will carry road and pedestrian traffic over Ellen Brook. The road carriageway
will consist of two (2) number of 3.5m wide lanes and a 3m wide Principal Shared Path PSP
located on the western side of the bridge.

TRAFFIC VOLUME

An assessment of traffic volumes was undertaken by ARRB in 2011, according to which it is
expected that the total traffic volume by 2021 will reach 5945 vehicles per day whereas by 2031
this volume is estimated to increase to 9042 vehicles per day.

The percentage of commercial vehicles was not known at the time of writing this report.

DESIGN SPEED

This section of the road is designed for a speed of 70 km/h whereas the posted speed is to be
60 km/h.

DESIGN LIFE

The bridge components are designed and detailed to provide the following design life:
= 100 years for concrete and steel elements.
= 25 years for elastomeric bearings
= 15 years for expansion joints

= 30 years for bridge deck and approach slab waterproofing system
LOADING

Design loads considered in this preliminary investigation are in accordance with AS 5100 Bridge
Design Part 2 — Design Loads and the MRWA Structures Engineering Design Manual (SEM),
Document No. 3912/03.

Table 4.1: Design Loads

Lp. Loading Reference Additional

Requirements

451 Dead Loads AS 5100.2 CI. 5.2 SEMCI. 4.2
452 Superimposed Dead Loads AS 5100.2 CI. 5.3 SEMCI. 4.2
453 Road Traffic AS 5100.2 CI. 6 SEMCI. 4.3 & 4.4
454 Pedestrian Loading & Bicycle-Path AS 5100.2 Cl. 7 SEMCI. 4.3
Load
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Loading Reference Additional

Requirements

4.5.6 Minimum Lateral Restraint AS 5100.2 CI. 9 N/A
457 Collision Loads AS 5100.2 CI. 10 SEMCI. 4.5
45.8 Kerb and Barrier Design Loads AS 5100.2 CI. 11 SEM CI. 4.6
459 Earth Pressure AS 5100.2 CI. 13 SEM CI. 4.10
4510 Earthquake Forces AS 5100.2 Cl. 14 SEMCI. 4.12
4.5.11 Forces Resulting From Water Flow  AS 5100.2 Cl. 15 SEMCI. 4.9
4512  Wind Loads AS 5100.2 CI. 16 SEMCI. 4.7
4513  Thermal Effects AS 5100.2 CI. 17 SEMCI. 4.8
4514 Shrinkage, Creep and Prestress AS 5100.2 CI. 18 SEMCI. 4.13 & 4.14
Effects
4.5.15 Differential Settlement AS 5100.2 CI. 19 SEM CI. 4.15
4.5.16 Forces from Bearings AS 5100.2 CI. 20 SEM CI. 4.11
4.5.17  Construction Forces AS 5100.2 CI. 21 SEMCI. 4.16

The design live load for the structures is T44 and Network 4 vehicle in accordance with
Restricted Access Vehicles — Prime Mover, Trailer Combinations — Operating Conditions
published by Main Roads WA, version November 2012.

4.6 SOIL PARAMETERS USED IN THE DESIGN

Based on the desktop studies the following soil parameters have been adopted for the
preliminary design of the bridge structures:

= Imported backfill material:
o Effective internal friction angle of thirty five (35) degrees
o Soil density of 19 kN/m3

= Parent soil (to be confirmed):
o Effective internal friction angle of thirty five (35) degrees
o Soil density of 18 kN/m3

o Undrained shear strength of 100 kPa
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4.7

4.8

4.9

4.10

4.11

HYDROLOGY & HYDRAULICS

The bridge elevation must provide a minimum 300mm freeboard above the 100 years ARI. The
Department of Water has advised that the maximum allowable afflux created by the new
structure is 70mm.

For the design storm event and the flood immunity event a value of one hundred (100) years
was adopted.

LIGHTING REQUIREMENTS

The lighting scheme design is in accordance with AS/NZS 1158.1.1 Category V5.
The operating characteristics as follows:

= Mixed vehicle and pedestrian traffic

= Moderate traffic volumes

= Low pedestrian volume

= Moderate to low vehicle speeds

= Low traffic generation from abutting properties

= Point horizontal illuminance - Min 3.5 lux

= llluminance uniformity Max/Ave 8

Refer to Appendix L for the details of preliminary lighting design.
CONSTRUCTION METHODS

Given the location of the proposed crossing, within the metropolitan region, the local topography
and easy access to the site along with the proximity to Great Northern Highway the following
construction methods were considered as appropriate:

= Driven and bored piles
= Lifting of precast elements into position (beams, crossheads, arch units, spandrels)

The local ground conditions (based on the limited available information) appear to be suitable
for heavy equipment to operate on site but may require special working platforms to facilitate
their movements. This will need to be assessed by the contractor prior to commencement of any
work to ensure suitability based on construction methods and proposed machinery but may
require. There are no overhead services which could potentially impose operational restrictions.

INSPECTION AND MAINTENANCE REQUIREMENTS

Adequate provisions shall be made for future inspection, maintenance and possible
replacement of the elements of the bridge.

OTHER REQUIREMENTS

Four (4) number of 100mm dia. service ducts shall be provided either side of the bridge
structure. Services and drainage shall be concealed from public view where possible.
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412 COST

Cost constraints were not known at the preliminary design stage.
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5.1

5.1.1

51.2

51.3

PROPOSED STRUCTURES

OPTION 1 — SINGLE SPAN T-ROFF BRIDGE
GENERAL DESCRIPTION

The development of the first option was based on maintaining the existing channel width
undisturbed whilst minimising the visual impact of the bridge supports by introducing the spill-
through abutments.

This single span bridge crosses the brook at the skew of twenty five (25) degrees. The
superstructure consists of precast prestressed T-Roff beams and an in-situ composite deck.
The precast beams are connected together at the abutment ends through an end diaphragm.
The bridge superstructure is supported on bored piles through concrete abutment crossheads.
The spill-through batters maintain the existing line of the banks of the brook and are provided at
a grade of 1:1.5 (V:H). The batters are protected with riprap rock on a geotextile within the flood
affected zone and with stone pitching above it. In front of the abutments an access /
maintenance ledge is provided with access stairs leading to it. Along the length of the ledge a
monowills balustrade is provided.

Refer to Appendix K for General Arrangement drawings.
CONCEPT DEVELOPMENT

Besides the design criteria listed out in the section 4 of this document the following factors were
considered during the development of this concept.

In order to ensure that the new bridge crossing will not cause an adverse effect on the water
flow a single span crossing over the brook was chosen such that no piers are placed in the
channel. The position of the abutments was determined such that the width of the existing brook
channel is not reduced by the proposed spill-through abutments. The choice of this type
abutments reduces the amount of costly construction works associated with tall concrete wall
type abutments in lieu of building abutment batters.

AESTHETIC CONSIDERATION

During the development of this option best aesthetics practices with respect to proportioning
bridge elements were used as far as practicable.

This option is characterised by simple / clean lines underlined by the precast bridge parapet
throughout the entire length of the structure. The depth of the precast parapet was determined
to conceal service ducts behind and also to provide a visually ‘healthy’ proportion to the
exposed beam depth. The elevation of the bridge was chosen to hide the existing railway bridge
behind.

The length of the cantilever was proportioned such the ratio of its length to the exposed depth of
the beam will maximise the shadow cast on the fascia girder resulting in an improved visual
slenderness of the structure.

Another aspect of the aesthetic design which has been incorporated was to ensure that the
visible height of the abutment maintains the right proportion to the exposed depth of the beam
as well as to the headroom under the bridge. Also, within the body of the abutment the masking
walls are provided at either end such that the bearing shelf is concealed.
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A colour scheme was not established at this preliminary stage, however it is recommended to
use a concrete pigment in order to achieve a long lasting effect and a further improvement of
the appearance of this bridge.

514 SUPERSTRUCTURE
The superstructure consists of four (4) number of simply supported 1500mm deep prestressed
precast T-Roff beams with an in-situ composite deck. The beams are tied together at the
abutment ends with a reinforced concrete end diaphragm.
The in-situ deck has a minimum thickness of 210mm, which increases towards the bridge
supports as a result of the hog of the prestressed beams.

5.1.5 SUBSTRUCTURE
The bridge substructure consists of reinforced concrete abutment crossheads supported on two
(2) number of 1,000mm in diameter reinforced concrete bored piles. The piles are estimated to
be 16m long. Wingwalls integral with the abutment body are provided to retain the soil on the
approach to the bridge and their length was determined such that they are embedded in the
approach embankment by at least 1m at the cantilever tip. Five (5) metre long approach slabs
are provided under the carriageway and they are the surface type in accordance with Main
Roads WA standards.

5.1.6 RETAINING WALLS
No retaining walls are required.

5.1.7 BRIDGE ARTICULATION
The bridge articulation is a floating deck type. The bridge superstructure is supported on
elastomeric bearings, which are placed on concrete plinths.
Ausflex AC-AR Granor expansion joints with the type F seal are provided at either end of the
bridge deck.
Concrete restraint blocks are provided on each bridge support in order to restrain the deck
movements in the lateral direction.

5.1.8 BRIDGE PARAPETS
Either side of the carriageway a MRWA three-rail regular containment bridge parapet is
provided. The parapets extend to the end of the wingwalls / approach slabs.
Along the PSP a 1,300mm tall PSP type balustrade is provided.

5.1.9 BRIDGE DRAINAGE
Due to the short length of the deck no drainage over the bridge is required.

5.1.10 WATERPROOFING
All buried faces of abutments and approach slabs will be treated with a bituminous membrane
(Elastoseal or similar approved).
The top surface of the deck and the approach slabs will be treated with a sprayed-applied
waterproofing membrane (Pitchmastic PMB or similar approved).
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5.1.11

5.1.12

5.1.13

MINIMUM HEADROOM

The provided headroom complies with the hydraulic requirement of a minimum 300mm of
freeboard. The 100 years ARI freeboard is approximately 2,000mm which is driven by the local
topography / elevation of the south bank.

PROPOSED ARRANGEMENT FOR MAINTENANCE AND INSPECTION

An inspection and maintenance ledge is provided in front of the abutments in order to facilitate a
safe access. The width of the ledge is 1,000mm and the minimum headroom under the beams
is 1,500mm.

Access stairs are provided at the west side of the abutment batters and are equipped with a
steel monowills balustrade. The balustrade also stretches along the ledges in order to prevent
maintenance / inspection personnel from falling down.

Designated areas on abutment crossheads will be provided for the purpose of jacking the deck
up in order to replace bearings.

MATERIALS AND FINISHES

All materials and finishes chosen for this project are in accordance with AS 3610 Formwork for
Concrete and MRWA Bridge Branch Information Manual (BBM), Document No. 3912/02-01.

The bridge site is located approximately 10km from the coastline.

B1 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are not subjected to contact with ground and brook water.

B2 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are subjected to contact with ground and brook water.

All exposed accessible surfaces will be treated with a non-sacrificial anti-graffiti coating.

The bridge and retaining walls components will be constructed in accordance with the material
and finishes specification as shown in Table 5.1 below.

Table 5.1: Option 1 — Finishes

In-situ Footings

Class 4 — side faces

85 cast against ground

Class U1 — top 65 cast against membrane
55 elsewhere
Bored Piles S40 N/A 85 cast against ground
55 cast against liner
Pile-columns S40 Class 2 55
In-situ Crosshead S40 Class 2 — underside & sides 40

Class 3 — top surface
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Precast Crosshead

Bearing Plinth

Restraint Block

Wingwalls

Approach Slab

Precast Beams

In-situ Deck

Precast Parapet Panels

Precast Arch Units

Spandrel Wall

Precast Tilt-up Panels

Precast Parapet
Supporting Slab

S50/
High
Strength
Mortar

S40

S40

S40

S50

S40

S50

S50

S50

S50

S50

Class 2 — underside & sides

Class 3 — top surface

Class 2 — side faces

Class 3 — top surface

Class 2 — front and rear face

Class 3 — top & side faces

Class 2 — external face
Class 4 — buried faces

Class 3 — top surface

Class U3 — top surface

Class 4 — buried surfaces

Class U1 — top surface of top
flange

Class 2 — other surfaces

Class U3 — top surface

Class 3 — side faces

Class 2

Class 2

Class 2X — external face

Class 4 — buried face

Class 2X — external face

Class 4 — buried surfaces

Class U2 — top exposed face

Class 4 — buried surfaces

40

40

55 in contact with ground

40 elsewhere

85 cast against ground
65 cast against membrane

40 elsewhere

40

40

40

55 in contact with ground

40 elsewhere

55 in contact with ground

40 elsewhere

45 in contact with ground

40 elsewhere

75 cast against ground
55 cast against membrane

40 elsewhere
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5.1.14

5.1.15

5.1.16

PSP Screed Class U4
Bridge Barriers Hot-dip galvanised N/A
Balustrade Hot-dip galvanised / Painted N/A

RISKS AND HAZARDS CONSIDERED

During the development of this concept the main risks listed hereunder were considered and are
captured in the Safety in Design report in Appendix H:

= Site Access

=  Working in the vicinity of or within an area of a heritage significance
= Working near and / or over waterways

= Working at heights

= Working near operating plants

= Working near and / or in excavations

= Transportation of heavy precast bridge components

= Working near an operational railway line

= Working in the vicinity of a residential area
CONSTRUCTION CONSIDERATION

Well established construction techniques were chosen to ensure that the structure will be built
economically with a controlled level of risks during its construction.

The T-Roff beams have been used by the local contractors for a number of years and have
proven to be a very economical solution for constructing typical relatively short span crossings.
Familiarity with this construction methodology ensures that a number of construction risks is
better managed or eliminated through the understanding of limitations of this method and well
established construction practices.

Location of the abutments a few metres away from the edge of the banks allows an easy access
for a piling rig to bore / drive the piles without or with a minimised risk of affecting the stability of
the bank slope.

RISKS AND OPPORTUNITIES

As a result of the lack of geotechnical investigation a number of assumptions had to be made
with respect to the soil profile and its strength.

The Guildford Formation may consist of cemented layers through which concrete driven piles
may not be able to penetrate. The accuracy of our prediction cannot be assessed and therefore
for the purpose of undertaking the cost estimates bored piles will be utilised as the upper bound
solution.
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There is however, an opportunity to investigate the use of driven piles (steel or concrete) when
the results of geotechnical investigation are available to us. A driveability analysis may be
required to determine the suitability of such a solution, which could yield monetary savings.

Based upon the limited available information we do not expect acid sulphate soils in this area.
This however, yet to be determined following the result of the geotechnical investigation which is
scheduled later this year. Also, it is not known whether the soil / sediments within and near the
river channel are contaminated. This yet to be determined by the site investigation.
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5.2

5.2.1

5.2.2

5.2.3

OPTION 2 — THREE-SPAN T-ROFF BRIDGE
GENERAL DESCRIPTION

The development of the second option was based on maintaining the existing channel width
undisturbed whilst reducing the length of the approach embankments by the implementation of
side spans.

This three-span bridge crosses the brook at the skew of twenty five (25) degrees. The
superstructure consists of simply supported precast prestressed T-Roff beams and an in-situ
composite deck, which is continuous over the piers. The bridge superstructure is supported on
bored piles through concrete abutment and pier crossheads.

To minimise the visual impact of the abutments spill-through batters are provided in order to
improve the overall appearance and to reduce the overall construction cost associated with a
construction of tall wall type abutments. The batters are protected with riprap rock on a
geotextile within the flood affected zone and with stone pitching above it. In front of the
abutments an access / maintenance ledge is provided with access stairs leading to it.

Refer to Appendix K for General Arrangement drawings.
CONCEPT DEVELOPMENT

Besides the design criteria listed out in the section 4 of this document the following factors were
considered during the development of this concept.

In order to ensure that the new bridge crossing will not cause an adverse effect on the water
flow the piers are positioned outside the brook. The position of the south abutment was
established at the toe of the existing batter which in turn determined the length of the south side
span. The north side span is kept of the same length for the symmetrical and more balanced
visual appearance.

In order to minimise the visual impact of the abutments a spill-through option was chosen such
that it also reduces the amount of costly construction works associated with tall concrete wall
type abutments in lieu of building abutment batters.

AESTHETIC CONSIDERATION

During the development of this option best aesthetics practices with respect to proportioning
bridge elements were used as far as practicable.

This option is characterised by simple / clean lines underlined by the precast bridge parapet
throughout the entire length of the structure. The depth of the precast parapet was determined
to conceal service ducts behind and also to provide a visually ‘healthy’ proportion to the
exposed beam depth. The elevation of the bridge was chosen to hide the existing railway bridge
behind.

The length of the cantilever was proportioned such the ratio of its length to the exposed depth of
the beam will maximise the shadow cast on the fascia girder resulting in an improved visual
slenderness of the structure.

Another aspect of the aesthetic design which has been incorporated was to ensure that the
visible height of the abutment maintains the right proportion to the exposed depth of the beam
as well as to the headroom under the bridge. Also, within the body of the abutment the masking
walls are provided at either end such that the bearing shelf is concealed.
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524

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

The ideal proportion of the main span to the side spans could not be provided due to the local
topography / constraints and therefore in order to achieve the best possible, in these
circumstances, appearance the ratio of the visible height of the abutment to the pier height is
kept as close as practicable to the recommended figure whilst providing sufficient headroom for
maintenance.

A colour scheme was not established at this preliminary stage, however it is recommended to
use a concrete pigment in order to achieve a long lasting effect and a further improvement of
the appearance of this bridge.

SUPERSTRUCTURE

The superstructure consists of four (4) number of simply supported 1200mm deep prestressed
precast T-Roff beams per span with an in-situ composite deck. The beams are tied together at
the support ends with a reinforced concrete end diaphragm. The composite deck is continuous
over the piers and it takes the form of a link slab.

The in-situ deck has a minimum thickness of 210mm, which increases towards the bridge
supports as a result of the hog of the prestressed beams.

SUBSTRUCTURE

The bridge substructure consists of reinforced concrete abutment crossheads supported on two
(2) number of 1,000mm in diameter reinforced concrete bored piles. The precast pier
crossheads are also supported on two (2) number of bored piles. The abutment piles are
estimated to be 13m long whereas the bored piles of the piers are 28m long. Wingwalls integral
with the abutment body are provided to retain the soil on the approach to the bridge and their
length was determined such that they are embedded in the approach embankment by at least
1m at the cantilever tip. Five (5) metre long approach slabs are provided under the carriageway
and they are the surface type in accordance with Main Roads WA standards.

RETAINING WALLS
No retaining walls required.

BRIDGE ARTICULATION

The bridge articulation is a floating deck type. The bridge superstructure is supported on
elastomeric bearings which in turn are placed on concrete plinths.

Ausflex AC-AR Granor expansion joints with the type F seal are provided at the abutments.

Concrete restraint blocks are provided on each bridge support in order to restrain the deck
movements in the lateral direction.

BRIDGE PARAPETS

Either side of the carriageway a MRWA three-rail regular containment bridge parapet is
provided. The parapets extend to the end of the wingwalls / approach slabs.

Along the PSP a 1,300mm tall PSP type balustrade is provided.

BRIDGE DRAINAGE

Due to the short length of the deck no drainage over the bridge is required.
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5.2.10

5.2.11

5.2.12

5.2.13

WATERPROOFING

All buried faces of abutments and approach slabs will be treated with a bituminous membrane
(Elastoseal or similar approved).

The top surface of the deck and the approach slabs will be treated with a sprayed-applied
waterproofing membrane (Pitchmastic PmB or similar approved).

MINIMUM HEADROOM

The provided headroom complies with the hydraulic requirement of a minimum 300mm of
freeboard. The 100 years ARI freeboard is approximately 2,300mm which is driven by the local
topography / elevation of the south bank.

PROPOSED ARRANGEMENT FOR MAINTENANCE AND INSPECTION

An inspection and maintenance ledge is provided in front of the abutments in order to facilitate a
safe access. The width of the ledge is 1,000mm and the minimum headroom under the beams
is 1,500mm.

Access stairs are provided at the west side of the abutment batters and are equipped with a
steel monowills balustrade. The balustrade is also provided along the length of the ledges in
order to prevent maintenance / inspection personnel from falling down.

Designated areas on abutment and pier crossheads will be provided for the purpose of jacking
the deck up in order to replace bearing.

MATERIALS AND FINISHES

All materials and finishes chosen for this project are in accordance with AS 3610 Formwork for
Concrete and MRWA Bridge Branch Information Manual (BBM), Document No. 3912/02-01.

The bridge site is located approximately 10km from the coastline.

B1 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are not subjected to contact with ground and brook water.

B2 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are subjected to contact with ground and brook water.

All exposed accessible surfaces will be treated with a non-sacrificial anti-graffiti coating.

The bridge and retaining walls components will be constructed in accordance with the material
and finishes specification as shown in Table 5.2 below.

Table 5.1: Option 2 — Finishes

Bored Piles 85 cast against ground

55 cast against liner

Pile-columns S40 Class 2 55
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5.2.14

In-situ Crosshead

Precast Crosshead

Bearing Plinth

Restraint Block

Wingwalls

Approach Slab

Precast Beams

In-situ Deck

PSP Screed

Bridge Barriers

Balustrade

S50

S50/
High
Strength
Mortar

S40

S40

S40

S50

S40

N40

Class 2 — underside & sides

Class 3 — top surface

Class 2 — underside & sides

Class 3 — top surface

Class 2 — side faces

Class 3 — top surface

Class 2 — front and rear face

Class 3 — top & side faces

Class 2 — external face
Class 4 — buried faces

Class 3 — top surface

Class U3 — top surface

Class 4 — buried surfaces

Class U1 — top surface of top
flange

Class 2 — other surfaces

Class U3 — top surface

Class 3 — side faces

Class U4

Hot-dip galvanised

Hot-dip galvanised / Painted

RISKS AND HAZARDS CONSIDERED

40

40

40

55 in contact with ground

40 elsewhere

85 cast against ground
65 cast against membrane

40 elsewhere

40

40

N/A
N/A

N/A

During the development of this concept the main risks listed hereunder were considered and are
captured in the Safety in Design report in Appendix H:

=  Sijte Access

= Working in the vicinity of or within an area of a heritage significance

= Working near and / or over waterways
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5.2.15

5.2.16

= Working at heights

=  Working near operating plants

=  Working near and / or in excavations

= Transportation of heavy precast bridge components
=  Working near an operational railway line

=  Working in the vicinity of a residential area
CONSTRUCTION CONSIDERATION

Well established construction techniques were chosen to ensure that the structure will be built
economically and with a controlled level of risks during its construction.

The T-Roff beams have been used by the local contractors for a number of years and have
proven to be a very economical solution for constructing typical relatively short span crossings.
Familiarity with this construction methodology ensures that a number of construction risks is
better managed or eliminated through the understanding of limitations of this method and well
established construction practices.

This concept utilises a number of precast elements such as prestressed beams, parapets and
pier crossheads in order to achieve a high quality finish and an accelerated construction. Also,
the abutments could be designed and constructed as precast elements maximising the benefits
of an accelerated bridge construction.

Location of the piers a few metres away from the edge of the banks allows an easy access for a
piling rig to bore / drive the piles without or with a minimised risk of affecting the bank slope
stability.

The use of simply supported beams with a link slab versus a continuous deck with a continuity
diaphragm simplifies the construction process of the bridge deck to the installation of the beams
and pouring of the composite deck. This way the time consuming stage of constructing a heavily
reinforced diaphragm is eliminated resulting in time savings.

RISKS AND OPPORTUNITIES

As a result of the lack of geotechnical investigation a number of assumptions had to be made
with respect to the soil profile and its strength.

The Guildford Formation may consist of cemented layers through which concrete driven piles
may not be able to penetrate. The accuracy of our prediction cannot be assessed and therefore
for the purpose of undertaking the cost estimates bored piles will be utilised as the upper bound
solution.

There is however, an opportunity to investigate the use of driven piles (steel or concrete) when
the results of geotechnical investigation are available to us. A driveability analysis may be
required to determine the suitability of such a solution, which could yield monetary savings.

Based upon the limited available information we do not expect acid sulphate soils in this area.
This however, yet to be determined following the result of the geotechnical investigation which is
scheduled later this year. Also, it is not known whether the soil / sediments within and near the
river channel are contaminated. This yet to be determined by the site investigation.

Railway Parade Bridge over Ellen Brook—Preliminary Design Report
Hyder Consulting Pty Ltd -ABN 76 104 485 289 Page 25

f\aa007882 city of swan railway parade bridge\f-reports\5001 preliminary design report\a5001-aa007882-aar-
00_preliminary_design_report.docx



5.3

5.3.1

5.3.2

OPTION 3 — PRECAST ARCH
GENERAL DESCRIPTION

The development of the third option followed the methodology of utilising a maximum number of
precast components or even entire precast systems in order to minimise the time required on
site to construct the crossing, and therefore to potentially achieve the greatest saving in
comparison to the other two options. This option is also aesthetically focused in order to provide
a more natural solution in this environment as opposed to the more industrial looking T-Roff
bridges.

This bridge crosses the brook at the right angle. The precast arch consists of a number of units
supported on in-situ footings. The carriageway over the arch length is retained between precast
concrete spandrel walls and precast slabs supporting the barriers and the balustrade. The
precast supporting structures are founded below the road layers. The upper part of the upstand
of the supporting slabs (kerb-like beam) overhangs the spandrel wall and extends past its face
in order to avoid staining due to water / dirt dripping down on its face.

The approach embankments in the vicinity of the arch are retained between precast tilt-up
concrete retaining wall panels and the barrier supporting slabs in order to achieve a more
pleasing visual appearance by the avoidance of skewed wingwalls, which disturb the elegant
profile of the elevation through the abrupt interface with the embankment.

In order to maximise the visual experience the spandrel and retaining walls are proposed to
provide a pattern finish which mimics stonework resulting in a more classical and aesthetically
pleasing appearance.

The embankment batters are provided at a grade of 1:2 (V:H) in order to provide a smoother
transition between the soil body and the bridge.

Locally the channel of the book requires a modification (widening and deepening) in order to
improve the water flow through the arch and to comply with the maximum allowable afflux
criterion. The extent and magnitude of these works is relatively limited. The modified banks are
proposed to be protected against scour with a riprap rock.

Refer to Appendix K for General Arrangement drawings.
CONCEPT DEVELOPMENT

Besides the design criteria listed out in the section 4 of this document the following factors were
considered whilst shaping this concept.

The theme behind the development of this concept is Accelerated Bridge Construction (ABC)
with the emphasis on aesthetics and the nature of this area, which will soon become a home to
hundreds of new residents of the villages of Annies’ Landing and Upper Swan.

The arch is located centrally over the brook, however due to the skew between the road
alignment over and the channel some localised earthworks are required to improve water flow
through. The proposed arch span is the maximum size available in Australia and therefore it
was not possible not to interfere with the existing banks. An attempt to provide a larger arch unit
capable of crossing the entire skewed width of the brook would have resulted in significant
additional costs associated with a fabrication of steel moulds in lieu of localised alterations to
the channel.
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5.3.3

534

5.3.5

5.3.6

5.3.7

5.3.8

AESTHETIC CONSIDERATION

During the development of this option the emphasis has been placed on maximising the
aesthetic qualities of the arch and the approach retaining walls. The proportions between the
rise of the arch, the depth of fill over and the overall length including the approach retaining
structure provide a visual balance. Due to the large area of the exposed concrete surfaces a
special attention has been paid to concrete finishes in order to transform a visually plain solution
into an elegant ancient looking crossing. A concrete pigment is proposed to further enhance the
appearance and to bring its look even closer to an ancient sandstone arch.

SUPERSTRUCTURE

The superstructure consists of seven (7) precast arch units of the internal clear width of 21.0m.
The shape of the arch units is the classic arch made out of two halves through an in-situ stich at
the crown. The arch units are backfilled with a well graded gravel / sandy gravel or gravelly sand
with a minimum effective internal friction angle of thirty five (35) degrees.

The outermost arch units are provided with a spandrel wall which retains the backfill. The
spandrel walls are connected along the circumference of the arch to the outermost units through
tie bars. The cantilever ends of the spandrel walls (away from the arch curvature) are connected
to each other through tie-bars placed in ducts and protected against corrosion.

The spandrel walls are topped with an overhanging kerb beam which support the bridge barrier
and the balustrade.

SUBSTRUCTURE

The arch structure is supported by in-situ footings which also support the spandrel walls. These
footing are founded below the expected scour depth and are protected against scour with riprap
rock. The width of the footing is 5.0m while its depth is 1,100mm.

RETAINING WALLS

The approach retaining walls are envisaged as precast tilt-up panels placed on an in-situ footing
and connected to it through an in-situ stitch. The footing size is 4,000mm wide by 800mm deep.

Along the retaining walls an overhanging precast kerb beam runs and which supports the bridge
barrier and the balustrade.

BRIDGE ARTICULATION
No traditional expansion joints or bearings are required.

BRIDGE PARAPETS

Either side of the carriageway a MRWA three-rail regular containment bridge parapet is
provided. The parapets extend to the end of the retaining walls.

Along the principal shared path a PSP type balustrade is provided.

The barriers and the balustrade are supported by an independent supporting structure such that
no impact loads are transferred to the arch units or the spandrel walls. The supporting slabs are
precast concrete units of 7.5m in length which are stitched together to provide the required
resistance against the impact load. The upper section of the supporting unit, to which the
parapets are bolted, forms a kerb beam which overhangs the spandrel and retaining walls. The
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5.3.9

5.3.10

5.3.11

5.3.12

5.3.13

outer face of the kerb beam extends past the outer face of spandrels and retaining wall panels
in order to avoid water / dirt dripping down onto them.

BRIDGE DRAINAGE

No drainage required. The gaps between the precast panels of the retaining walls will not be
sealed in the lower section in order to allow the water to escape from behind the panels.

WATERPROOFING

Joints between the precast units, both the arch and retaining walls, are protected with a self-
adhesive bituminous waterproofing membrane (Emer-Proof HD or similar approved) covered by
a protection layer. From the inside the joints are sealed with a polysulphide sealant.

All buried faces of the footings and the slabs supporting the bridge parapets and the balustrade
will be treated with a bituminous membrane (Elastoseal or similar approved).

MINIMUM HEADROOM

The provided headroom complies with the hydraulic requirement of a minimum 300mm of
freeboard at the crown of the arch. The 100 years ARI freeboard is approximately 2,400mm
which is driven by the local topography / elevation of the south bank.

PROPOSED ARRANGEMENT FOR MAINTENANCE AND INSPECTION
Not required. This solution does not utilise components which would require a replacement.

MATERIALS AND FINISHES

All materials and finishes chosen for this project are in accordance with AS 3610 Formwork for
Concrete and MRWA Bridge Branch Information Manual (BBM), Document No. 3912/02-01.

The bridge site is located approximately 10km from the coastline.

B1 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are not subjected to contact with ground and brook water.

B2 exposure classification in accordance with AS 5100.5 has been adopted for bridge
components, which are subjected to contact with ground and brook water.

It is proposed to provide a pattern finish of 2/311 Zyklop or 2/137 Bourgogne, as per the Reckli’s
Moulds for Art in Concrete 2009 Catalogue, to the exposed side face of the spandrel walls and
the tilt-up panels of the approach retaining walls. Refer to Appendix J for details.

All exposed accessible surfaces will be treated with a non-sacrificial anti-graffiti coating.

The bridge and retaining walls components will be constructed in accordance with the material
and finishes specification as shown in Table 5.3 below.
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Table 5.3: Option 3 — Finishes

In-situ Footings

Precast Arch Units

Spandrel Walls

Precast Tilt-up Panels

Precast Parapet
Supporting Slab

PSP Screed

Bridge Barriers

Balustrade

5.3.14

S50

S50

S50

S50

N40

Class 4 — side faces

Class U1 —top

Class 2

Class 2X — external face

Class 4 — buried face

Class 2X — external face

Class 4 — buried surfaces

Class U2 — top exposed face

Class 4 — buried surfaces

Class U4

Hot-dip galvanised

Hot-dip galvanised / Painted

RISKS AND HAZARDS CONSIDERED

85 cast against ground
65 cast against membrane

55 elsewhere

55 in contact with ground

40 elsewhere

55 in contact with ground

40 elsewhere

45 in contact with ground

40 elsewhere

75 cast against ground
55 cast against membrane

40 elsewhere

N/A

N/A

N/A

During the development of this concept the main risks listed hereunder were considered and are
captured in the Safety in Design report in Appendix H:

=  Sijte Access

= Working in the vicinity of or within an area of a heritage significance

= Working near and / or over waterways

= Working at heights

=  Working near operating plants

= Working near and / or in excavations

= Transportation of heavy precast bridge components

=  Working near an operational railway line

= Working in the vicinity of a residential area
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5.3.15

5.3.16

CONSTRUCTION CONSIDERATION

Well established construction techniques were chosen to ensure that the structure will be built
economically with a controlled level of risks during its construction.

During the development of this option the emphasis has been placed on maximising the
construction efficiency through the use of precast elements as far as practicable. The only non-
prefabricated components of this structure are the in-situ footings and in-situ stitching between
the arch units, spandrels and retaining walls. The near-complete precast methodology allows to
advance the construction works in a precast yard (controlled environment) irrespective of
weather conditions and other external factors whilst the remaining site activities are limited to
very basic tasks such as shallow excavations, lifting and backfilling which do not require any
highly specialised and sophisticated equipment.

It is even possible to implement prefabricated footings to further reduce the number of site
activities, however at this stage in-situ footings are proposed as a more conventional solution
contractors are familiar with.

This concept, however, due to its limited hydraulic efficiency requires to undertake works within
the brook in order to deepen and widen the channel such that the afflux criterion is met. The
overall amount of these works and their extent is still considered substantially less in the overall
scheme as opposed to the two previous concepts. The localised widening and deepening will
not result in large volumes of soil / river sediment needing to be removed.

RISKS AND OPPORTUNITIES

As a result of the lack of geotechnical investigation a number of assumptions had to be made
with respect to the soil profile and its strength.

The footing size has been determined based upon the assumed soil design parameters. There
is an opportunity to re-visit the footing design when the detailed information following the
geotechnical investigation will become available. A soil replacement may provide an alternative
solution to larger footings depending upon the required depth and volume of replaced soil.

A use of MSE walls on the approaches, instead of tilt-up precast panels, to the arch will be
investigated and implemented if found more economical.
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PRELIMINARY COST ESTIMATES
METHODOLOGY

The cost estimates of the preliminary design options have been prepared in accordance with the
Main Roads’ standard method of measurement for construction works.

The estimates include the construction costs and any allowances that a Contractor would make
in a tender for the Railway Parade Bridge. It has been assumed that the works will be
competitively tendered and the terms and conditions of engagement are standard Construct
Only. For the purpose of these cost estimates it has also been assumed that access to the
works is unrestricted and that construction will be carried out in the dry months.

The cost estimates contain totals for the direct cost, indirect cost and profit. The scheduled item
costs have been created from first principles in a manner similar to the development of a tender
by a construction contractor. Each cost estimate is based on a schedule of quantities. The cost
estimates comprise the direct job costs that cover the costs of material, plant, labour and
subcontractors for the construction of the physical works and the indirect costs. The indirect
costs cover the recurring and non-recurring overhead costs required to deliver the project
including the establishment and maintenance of requisite site facilities. An allowance for
contractor’s profit and head office overheads (based on current market trends and indications)
has been applied to the direct and indirect costs.

Budget prices have been obtained from suppliers for the supply of the major components such
as the T-Roff beams (Options 1 and 2) and the precast concrete arch and wall components
(Option 3).

A contingency allowance of 15% is considered appropriate at this stage of the project
development and has been included in the estimate.

At this option budget cost estimate stage, the estimate accuracy is be within the range of -15%
to +30%.

The following items have not been included in the cost schedule:
= Diverting or working around existing services
= Latent ground conditions such as rock or contaminated soil
= Professional fees including design, engineering, project management
= Escalation
=  Statutory fees
= Land Cost
= Finance and holding cost
= Goods and services tax

= Cost of road construction and approach embankments beyond the outer limits of the
approach slabs or retaining walls.

= Diverting and / or dewatering excavations
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6.2 COST ESTIMATE OF OPTION 1

This option of providing a new crossing over Ellen Brook results in the shortest structure
(approximately 42m between the ends of wingwalls) out of these considered in this
investigation. The summary of cost estimate is provided in Table 6.1 below.

Table 6.1: Option 1 — Cost Estimate Summary

Item / Activity Total Cost

Net Estimated Cost $1,839,970.75
Preliminaries (19%) $ 350,000.00
Builders Margin (8%) $ 175,197.66
Sub-Total Construction Cost $ 2,365,168.41
Contingencies (15%) $ 354,775.27
Professional Fees Excl.
Escalation Excl.
GST Excl.
Estimated Total Cost $2,719,943.68

Refer to Appendix F for the cost breakdown.

6.3 COST ESTIMATE OF OPTION 2

This option of providing a new crossing over Ellen Brook results in the second longest structure
(approximately 63m between the ends of wingwalls) out of these considered in this
investigation. The summary of cost estimate is provided in Table 6.2 below.

Table 6.2: Option 2 — Cost Estimate Summary

Item / Activity Total Cost

Net Estimated Cost $ 3,031,718.50
Preliminaries (19%) $ 575,000.00
Builders Margin (8%) $ 288,537.48
Sub-Total Construction Cost $ 3,895,255.98
Contingencies (15%) $ 584,288.40
Professional Fees Excl.
Escalation Excl.
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6.4

6.5

Item / Activity Total Cost

GST Excl.

Estimated Total Cost $ 4,479,544.38

Refer to Appendix F for the cost breakdown.

COST ESTIMATE OF OPTION 3

This option of providing a new crossing over Ellen Brook results in the longest structure
(approximately 65m between the ends of wingwalls) out of these considered in this
investigation. The summary of cost estimate is provided in Table 6.3 below.

Table 6.3: Option 3 — Cost Estimate Summary

Item / Activity Total Cost

Net Estimated Cost $ 4,454,345.75
Preliminaries (19%) $ 575,000.00
Builders Margin (8%) $ 402,347.66
Sub-Total Construction Cost $ 5,431,693.41
Contingencies (15%) $ 814,754.02
Professional Fees Excl.
Escalation Excl.
GST Excl.
Estimated Total Cost $ 6,246,447.43

Refer to Appendix F for the cost breakdown.

WHOLE OF LIFE COST

In the evaluation of the proposed options the aspects of the whole of life cost have been
considered by taking into account the frequency of the maintenance and inspection activities
related to each of the bridges options. In this assessment the following activities typical for the
proposed bridge options and corresponding frequencies have been included:

= Visual inspection every 1 year

= Bridge area clean up every 1 year (removal of dirt from expansion joints and other deck
areas, growing weeds, etc.)

= Re-application of joint sealants every 10 years (between precast elements, assumed
5% of overall length of joints)
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= Replacement of the rubber strip seal of expansion joints including minor traffic
management related to a temporary over-night closure every 5 years

= Replacement of the entire expansion joint including traffic management every 15 years
= Elastomeric bearings replacement including traffic management every 25 years
= Concrete patch repairs every 20 years (assumed 2% of surface area)

= Re-application of waterproofing of deck and approach slabs including pavement
removal and re-application every 30 years

= Banks riprap repair (placement of additional rock, assumed 5% of total volume) every
10 years

= Repair to the scour protection of embankments (remodelling and / or replacement,
assumed 5% of total volume / area) every 10 years

A 10% contingency has been allowed for in pricing the maintenance and inspections costs.

A low discount rate of 3.5% has been used in establishing the net present value of the costs
related to inspection and maintenance works. This means that a larger consideration for future
costs has been made, which is often used by public authorities (typically 2% — 5%). A high
discount rate can be used when the risks of making an investment are larger and the future
costs are not considered as important. This tend to be favoured by private investors.

A ‘real’ discount rate has been used in the assessment of whole of life costs, which means that
the future costs are estimated as the ‘real’ present day prices (no inflation allowed for). Since
the inflation is difficult to predict in the long term, ‘real’ discounts rates are recommended to use
in Life-Cycle Costs (LCC) calculations for long term investments such as bridges.

In accordance with the above assumptions the inspection and maintenance cost comparison in
provided in Table 6.4 below.

Table 6.4: Maintenance Cost Comparison

Bridge Option Structure Type Maintenance & Inspection Cost | Net Present Value

over the Design Life

Option 1 — Single  T-Roff Bridge $ 1,926,000 $ 424,000
Span
Option 2 — Three  T-Roff Bridge $ 2,875,000 $ 592,000
Span
Option 3 — Arch Precast Arch with $ 669,000 $ 173,000

Approach Retaining Walls

It should be noted that the above values are GST exclusive.
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The distribution of the inspections and maintenance costs over the design life for each of the
option is provided in Figure 1 to 3 presented below.

Figure 1: Option 1 — Distribution of inspections and maintenance costs.
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Figure 2: Option 2 — Distribution of inspections and maintenance costs.
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Figure 3: Option 3 — Distribution of inspections and maintenance costs.

$40,000
$35,000
$30,000
$25,000
$20,000
$15,000
$10,000

$5,000

N O MmN - 1N O
— = N N N

N O MMN N o oMn s

MM

— (2]
Q'Q'Q'LHLDLD

O O IN™S 0 0 0 O O

Railway Parade Bridge over Ellen Brook—Preliminary Design Report
Hyder Consulting Pty Ltd -ABN 76 104 485 289
f\aa007882 city of swan railway parade bridge\f-reports\5001 preliminary design report\a5001-aa007882-aar-

00_preliminary_design_report.docx

Page 35



6.6

COST ESTIMATE SUMMARY

The cost estimate investigation, which has been undertaken for the proposed bridge crossings
as described in section 5, has established the estimated cost for each of the considered options
in accordance with the methodology provided in section 6.1.

Following the details of this cost surveying it has become apparent that by far the least
expensive solution is Option 1 (nearly $ 2M cheaper than the next least expensive) followed by
Option 2 and 3.

Table 6.5: Summary of Total Costs

Bridge Option Structure Type Total Cost

Option 1 — Single Span  T-Roff Bridge $ 3,144,000

Option 2 — Three Span  T-Roff Bridge $ 5,072,000

Option 3 — Arch Precast Arch with Approach Retaining Walls $ 6,423,000
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7.2

7.2.1

OPTIONS ASSESSMENT
EVALUATION CRITERIA

This section describes in detail each of the project evaluation criteria and presents results of the
evaluation of each bridge option against these criteria. This evaluation is summarised in a
selection matrix that gives each alternate a rating of between one (1) and five (5) based upon
how well each criterion is satisfied. A score of one (1) indicates that the criterion is not satisfied,
while a score of five (5) is the highest possible rating for the criterion. An overall rating is then
calculated for each of the options and a final comparison is made to determine the bridge option
that best satisfies all of the criteria and provides the best overall value to the project. This option
is then the recommended structure for the Railway Parade Bridge, and with City of Swan
concurrence, will be advanced into the detailed design phase.

The project evaluation criteria are based on the structural and functional requirements of the
new crossing and are listed in the table below. Also included in the table, is a weighting factor
associated with each criterion. In the calculation of the overall rating for each option, each
criterion is given a weighting factor based on its importance in the overall project. Criteria that
represent more critical issue are more heavily weighted.

Table 7.1: Evaluation Criteria

Evaluation Criteria Weighting Factor

Heritage Impact 5%
Environmental Impact 5%
Impact on Hydrology & Hydraulics of this Area 5%
Bridge Aesthetics 5%
Bridge Cost 60%
Constructability 10%
Durability 10%

DESCRIPTION OF CRITERIA

This section describes in detail each of the evaluation criteria as they apply to construction of
the Railway Parade Bridge over Ellen Brook and the specific constraints of the site and goals
and critical issues of the project. Ratings that are shown in the selection matrix are described for
each of the criteria.

HERITAGE IMPACT

The desktop review of aboriginal sites recorded within the vicinity of the proposed Ellen Brook
Bridge identified the site as an area of a potential heritage significance, which requires a further
study involving a heritage survey. The project site within and near the river channel may consist
of heritage artefacts and human skeletal remains of a cultural value to the indigenous
community.
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7.2.2

A search of the DIA Heritage database identified nine (9) registered site within 5km from the
proposed crossing. Some of these sites have mythological and ceremonial components whilst
others comprise stone artefacts. One site is located within the proposed crossing, however it
has not been sufficiently surveyed which would have allowed to establish its status as to
whether it should be included in the State Heritage Register.

This site ID 3525 has been de-classified as a registered site due to a lack of sufficient evidence,
however it retains status of an “other heritage place”, which means it may be a site when
sufficient and specific ethnographic information is provided for it to be registered.

It is understood that the site for the proposed bridge is located in an area of a similar
environmental context to the site ID 4299 Upper Swan Bridge, which contained large deposits of
artefacts and was in fact classified as one of the oldest archaeological sites in Australia.
Therefore, site activities during and prior to the construction of the bridge, which involve
excavations and soil disturbance, and reveal comparable soil deposits to those distinctive at the
Upper Swan Bridge should not be overlooked.

Given the history of this area and the potential significance of the site the options have been
rated according to the overall footprint of the proposed bridge foundations and the extent of the
works near and within the channel of the brook. However, due to the lack of detailed and
suitable information to make an accurate assessment it is assumed that all options positively
address the heritage aspect to a varying degree.

The least invasive from the earthworks and soil disturbance point of view is the Option 1 (single
span T-Roff bridge) which is given an arbitrary rating of three (3.0) based upon the assumptions
as outlined in the above paragraph. The Option 2 (three-span T-Roff bridge) and the Precast
Arch are given an arbitrary rating of two and half (2.5) and two (2.0) respectively due to the
increased amount of works related to soil disturbance.

ENVIRONMENTAL IMPACT

The project site has been identified as stretching over several different zonings under the
Metropolitan Region Scheme. To the south of the Ellen Brook the site and adjacent areas are
zoned ‘Rural’ whereas the Ellen Brook is zoned as ‘Parks and Recreation’. Aside from Ellen
Brook there are two Multiple Use wetlands and one Resource Enhancement wetland on the site.
Resource Enhancement and Multiple Use wetlands do not have statutory protection however
may be considered significant by the DEC. Construction in the wetland areas may be a concern
to the DEC.

The environmental assessment along with flora and vegetation survey did not identify any
environmental significance in this area and the vegetation is in either Degraded or Completely
Degraded state and no Threatened species were found. Also, a potential impact on Black
Cockatoo habitat was investigated and the site survey did not identify any evidence of foraging
on the site. The breeding and potential breeding habitat was limited to eight Marri trees. No
evidence of breeding on the site has been recorded and there was no evidence that the site
was used as roosting habitat. Therefore, clearing for the proposed bridge and road will have a
Low risk of significant impact.

On the basis as described above each of the considered bridge options satisfy the
environmental criteria, however the impact marginally varies depending on the footprint of the
bridge. The length of the bridge in the overall footprint is insignificant and therefore the following
rating has been allocated to the bridge options considered. A rating of three (3) to Option 2 for
its openness and the least footprint in comparison to the deck area, a rating of two point seven
five (2.75) to option 1 for the second least footprint and two point five (2.5) to option 3 (option
with the longest embankment).
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7.2.3 IMPACT ON HYDROLOGY & HYDRAULICS OF THIS AREA

The location of the proposed crossing over Ellen brook and its proximity to the gauging station
requires the structure to meet hydraulic design criteria, which are defined for this project to be a
100 ARI flood immunity and storm event along with a 70mm maximum allowable afflux and a
minimum 300mm freeboard for a 100 ARI flood event. Also, the hydraulic performance of the
new crossing should not affect the ratings curves of the nearby gauging station.

Each of the proposed concepts comply with the required freeboard with a substantial reserve
margin since the elevation of the bridges is partially driven by the local topography. Out of the
three options considered in this investigation only two of them (option 1 and 2) meet the afflux
criterion without any additional works within the channel in order to meet the afflux criterion.
Option 2 is the most hydraulically efficient solution out of the proposed group which causes only
20mm of afflux whereas option 1 results in an afflux of 30mm. On that basis a rating of four
point seven five (4.75) has been assigned to option 2 and four point five (4.5) to option 1. The
precast arch bridge, which requires widening and deepening of the channel in order to meet the
afflux requirement at its maximum allowable value, has been given a rating of two (2).

71.24 BRIDGE AESTHETICS

Aesthetics is subjective, depending upon a bridge location, could be an important factor in the
overall assessment of the bridge options.

There were no specific aesthetic requirements set out for this project. However, the new
structure will be located in a relatively quiet and modern residential area. Currently there are two
new developments under construction in the vicinity of the bridge site. The boundary of the
Annie’s Landing Village 8 stretches as far to the east that only the existing access track
separates the village from the new crossing and its approach embankments. It is therefore, very
likely that the site surrounding the bridge may be transformed into an attractive oasis drawing
attention of dog walkers and other residents.

The most architecturally pleasing solution and that which is more suitable to the area it will be
built in is the precast arch. This structure has a potential to become a local icon or a feature
complementing and not visually disturbing this local reserve. Therefore, for its visual values a
rating of four point five (4.5) has been given.

The three-span T-Roff bridge is given a rating of three point five (3.5) for its open character and
a potential it provides to develop the space underneath the structure into an attractive
landscape-treated area showcasing the natural environment. Also the bridge deck, which is
shallower to that of the single span, maximises the visual slenderness resulting in an optical
lightness of this bridge.

The single span option constraints the space available underneath the bridge and substantially
limits potential landscape options. Even though the bridge is well proportioned it cannot
compete with its predecessors in the aesthetics category, and therefore a rating of two point five
(2.5) has been assigned.

7.2.5 BRIDGE COST

Irrespective of other factors contributing to the overall assessment of the proposed options the
cost aspects are a major consideration since the selected solution must be feasible given the
budget allocated to the project.

As part of engineering studies during this phase of the project preliminary designs were
completed for each of the bridge options being considered. Overall member sizes and
approximate reinforcing and prestressing requirements were determined and the viability of
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7.2.6

each option verified for preliminary design adjustment. Preliminary design level quantities were
then calculated for each bridge option studied based upon which preliminary cost estimates
were established.

The table below summarises the construction cost of each of the options and provides a total
opinion of cost for the bridge structures for comparison purposes. The total bridge cost is the
summation of the structure cost based on quantity-based estimates and the whole of life
approach including aspects of inspection and maintenance activities.

Table 7.2: Summary of Bridge Costs

Bridge Option Structure Type

Option 1 — Single Span T-Roff Bridge $ 3,144,000
Option 2 — Three Span T-Roff Bridge $ 5,072,000
Option 3 — Arch Precast Arch with Approach $ 6,423,000

Retaining Walls

In the selection matrix, a rating of five (5) is assigned to the least cost alternate, Option 1.
Ratings for the other bridge options are calculated by normalising to the least cost option. A cost
index is determined by dividing the cost of the option being considered by the cost of the least
cost option. The least cost rating (5) is then divided by the cost index to determine a rating for
each option being considered. Normalisation results and final cost ratings are presented in
Table 7.3 below.

Table 7.3: Summary of Cost Rating

Bridge Option Structure Type Total Cost

Option 1 — Single Span  T-Roff Bridge $ 3,144,000
Option 2 — Three Span  T-Roff Bridge $ 5,072,000 1.65 3.04
Option 3 — Arch Precast Arch with Approach $ 6,423,000 2.30 2.18

Retaining Walls

Based on the undertaken cost estimates the most economically advantageous option is Option
1 — Single span T-Roff bridge.

CONSTRUCTIBILITY

Constructability is an important consideration when evaluating different bridge options as it
relates to the method of construction and access complexity of the site. Construction utilising
long precast concrete elements requires large cranes and is best suited where access to site is
not constrained by tight curves / steep grades and the ground conditions are suitable for heavy
loads such that no expensive temporary work platforms / foundations are required.

The project site does not have any particular constraints which could have an impact on the
proposed bridge solutions to a great degree. However, the arch concept is clearly the simplest
option to construct out of the considered group. All its precast elements are comparatively
smaller and lighter to those of the other two options, which in turn simplifies the construction and
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results in the use of lighter equipment and an improved safety. For those reasons the arch
option is given a score of four point five (4.5).

There is a very little noticeable difference between the constructability aspects of options 1 and
2 since they utilise the same construction methodology, yet various sizes. The deck of the
Option 2 comprises lighter and shorter beams which favours maneuverability, however there is
a larger number of them to be delivered and installed versus heavier but fewer girders of Option
1. Also, the three-span concept involves additional site activities related to the construction of
the bridge piers, which ultimately will result in a longer construction programme. Therefore,
taking into account the subtle differences option 1 has ultimately been given a higher score of
four (4) versus three point five (3.5) for the option 2.

71.2.7 DURABILITY

Prestressed concrete bridges have been documented to have superior durability and require
less maintenance than traditional reinforced concrete bridges. Reinforced concrete decks are
prone to cracking allowing chloride penetration into the concrete body and resulting in
reinforcement corrosion and deterioration of the deck. Also, the bridge articulation is an
important aspect to consider while assessing the overall expected durability performance.
Continuous bridge decks eliminate expansion joints which typically are the costly maintenance
items. Failed and leaking joints are a major factor in substructure deterioration of bridges.
Integral / jointless bridges, which eliminate the need for joints and bearings, have proven to be
far superior to other bridge solutions as far as the maintenance is concerned.

All of the considered options consist of high quality precast elements which provide a better
durability performance as opposed to the traditional in-situ reinforced concrete. However, only
option 3 nearly entirely eliminated the use of in-situ reinforced concrete through the use of a
large number of precast components. Additionally, this option does not consist of expensive in
maintenance expansion joints and bearings requiring a periodic replacement. For those reasons
the precast arch bridge has been given a score of five (5.0).

The other two alternative options utilise the same construction methodology and materials and
hence the only difference in the assessment of the overall durability is the overall length of the
bridge leading to larger area of the concrete deck and the link slab over the piers subjected to
tensile forces and prone to cracking. Considering these aspects the option 2, three-span bridge,
has been given a rating of three point seven five (3.75) versus four (4.0) for the single span
option 1.

7.3 SUMMARY AND RECOMMENDATIONS

Ratings for each of the bridge options and each of the evaluation criteria discussed above are
summarised in the Structure Selection Matrix. The bridge option that has the overall highest
rating is the preferred alternate and is recommended for the detailed design.

Table 7.4: Summary of Options Rating
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Option 2 — Three-span T-Roff 2.5 3.0 4.75 3.5 3.04 3.5 3.75 3.23
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Option 3 — Precast Arch 2.0 2.5 2.0 4.5 2.18 4.5 5.0 2.81

Weighting Factor 0.05 0.05 0.05 0.05 0.60 0.10 0.10

Following the assessment of this preliminary design it can be seen that the best overall score
has been achieved by the Option 1 — Single span T-Roff bridge.

CONSULTATIONS AND APPROVALS

During the development of the bridge crossings at this phase of the project the Department of
Water and the Swan River Trust have been contacted in order to obtain information which may
have a significant impact on the type and size of the bridge options.

An input in relation to historical data and acceptable level of afflux in this area was received
from the Department of Water.

The response from the Swan River Trust stated that the project site in Ellen Brook is not within
the Swan River Trust's Development Control Area, and therefore the development will not
require a permit from the Trust. Refer to Appendix G.

ISSUES TO BE RESOLVED

The heritage survey and relevant heritage approvals are critical to the successful delivery of this
project.

SAFETY IN DESIGN

A comprehensive Safety in Design assessment has been undertaken by the design team and its
findings and controls are captured in the Appendix H.
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APPENDIX A

\

HYDROLOGY & HYDRAULIC ASSESSMENT
REPORT
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