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EXECUTIVE SUMMARY 

 

Located on the outskirts of the CBD of South Australia, Hackney is a suburb rich in history and 

prestige whilst its main arterial road, Hackney Road, provides much needed access for CBD 

ingress and egress. Allowing access to heritage sites such as St Peters College, the Hackney 

Hotel the Eastern Hackney Road Bridge and several heritage listed private dwellings, Hackney 

Road is an important historic and functional asset to the State of South Australia.  

The following report encompasses the detailed design for Stage 1 of the O-Bahn City Access 

Project that will deliver a tunnel system providing a major upgrade for the Hackney Road 

transport corridor. The current issue in this system lies with the congestion faced once O-

Bahn busses merge with general traffic at Park Road Gilberton where significant delays are 

experienced to general traffic and public transport providers. The designed phase will vastly 

improve the current O-Bahn traffic flow from its current termination point at Gilberton to the 

North Terrace/Botanic Road intersection whilst reducing current peak hour congestion. 

The solution detailed in this report identifies and addresses the need to reduce congestion of 

inner-city roads and have fewer cars and trucks moving through the CBD whilst decreasing 

the demand for longer car based trips through an increased level of service. The increase O-

Bahn flow will result in a service that provides reliable, safe, fast and an affordable travel 

option that encourage the use of public transport. This holistically improved service will allow 

the number of bus services to increase, which will provide better connections between bus 

train and O-Bahn cross city journeys. Ultimately, the design proposed serves as an innovative 

design that affords the ability for future growth along this traffic corridor whilst minimizing 

impact on the environment. The solution will be sustainable and utilize the allocated land use 

plan for South Australia to provide a tailored solution to the local area as it serves the greater 

Adelaide region.  
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1 PROJECT SUMMARY 

 OVERVIEW 

The O-Bahn City Access project builds on the State Governments 30-Year Plan for Greater 

Adelaide in delivering a stronger and more efficient high capacity transport network. 

Currently 80% of public transport is provided by bus movements. The current O-Bahn 

infrastructure operates along a dedicated bus corridor that spans 12 kilometres from 

Modbury in the North, to its termination at Gilberton. This service provides over 1,000 bus 

services on an average weekday and can be seen in Figure 1 below. Three high volume 

interchanges are located at Klemzig, Paradise and Tea Tree Plaza which are fed from suburban 

bus services in conjunction with secure cycle storage and car parking facilities deigned to 

maximise patronage. This project addresses the public transport pressure point that is 

Hackney Road, and developing the high capacity/high frequency network to it’s potential as 

part of the 30 year plan.  

 

Figure 1: Project Location 
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The current issue in this system lies with the congestion faced once O-Bahn busses merge 

with general traffic at Park Road Gilberton where significant delays are experienced to general 

traffic and public transport providers.  

 

Stage 1 of this detailed design can be seen in Figure 2, which consists of the upgrading of a 

1.6-kilometre section from the end of the O-Bahn busway at Gilberton, to the North 

Terrace/Botanic Road intersection. E8 Consulting in collaboration with the Department of 

Planning, Transport and Infrastructure have developed a solution primarily featuring a 842m 

long tunnel that extends south from the end of the existing busway. This will address the 

current issues, delivering a reduction in travel times for public transport patrons, improve 

reliability and facilitate an increase in the number of scheduled services. Centrally dedicated 

O-Bahn bus lanes will be located along Hackney Road to align with the proposed Stage 2 works 

furthering the connection to the Central Business District(CBD) of Adelaide. Additionally, bus 

priority at signal controlled intersections will promote a reduction in congestion and maintain 

traffic flow. Cyclists lanes will be removed from the outbound lane of Hackney Road and 

integrated with a shared pedestrian/cycle path located within the parklands to the western 

side of Hackney Road, removing the present interaction between motor vehicles and cyclists. 

 

 

Figure 2: O-Bahn Extension Project Area 
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As the design consultants, E8 have strived to develop a solution that not only aligns with the 

original brief set out in the Tender stage, but many discrete ones that have highlighted the 

complexity of this unique project. On handover and final commissioning of this project the 

notable outcomes include, but are not limited to: 

 Reduced delays and operating cost for both the public transport provider and general 

motorists; 

 Increased O-Bahn patronage which will in turn reduce demand and congestion along 

the existing road corridor; 

 A reduction in greenhouse emissions due to the shift in transport usage through 

decreased congestion; 

 Improved air quality to areas immediately surrounding the project location; 

 Community approach to Integrated streetscapes and new bicycle shared path ways;  

 Showcasing an Innovative renewable pavement and lighting design for the pedestrian 

and cyclist footbridge; 

 Improved stormwater quality entering the River Torrens using water sensitive urban 

design schemes. 

 

 UNDERGROUND TUNNEL  

E8 Consulting have designed a tunnel that extends from the end of the O-Bahn infrastructure 

to the southern side of the Cambridge Street intersection on Hackney Road where it will 

return to grade. The realignment of the city inbound O-Bahn track under Park Road will locate 

both O-Bahn tracks together in one tunnel. The tunnel then continues under the north bound 

Mann Road to the west, and Bundeys Road towards the northern bank of the River Torrens. 

The tunnel remains at a constant depth throughout and then daylights through the river bank 

providing a clear span across to the southern bank of the River Torrens. The tunnel then 

continues and passes under the newly realigned Hackney Road outbound lanes, to then re-

surface between the north and south bound lanes of Hackney Road. 

Of the 1.6 kilometre section, this design mitigates bus and general traffic interaction by almost 

half. Additionally, design and constructability has been at the forefront of all solutions to 
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minimise the impact on the local environment and community. A major benefit in this tunnel 

solution is that it will not inhibit future road network expansion of this traffic corridor.  

 

 DELIVERABLES 

 

E8 Consulting as part of this detailed design have provided the following documentation: 

 

 Detailed Design Report 

 Quality Management System 

 Environmental Management System 

 Detailed Design Drawings 

 Project Website 

 Design Simulation – will this be attached? 

  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 38 | 708 

Version 2.0 

2 TRANSPORTATION DEPARTMENT 

The detailed design involves upgrading a 1.2km section of Hackney Road, which forms part of 

the inner ring route between Bundeys Road and North Terrace / Botanic Road intersection. 

This section of road network, experiences high traffic volumes during peak times, as it is an 

arterial road that provides access to the northern suburbs and buses utilising the O-Bahn 

network.  

During peak hours, buses can often be delayed by as much as 20 minutes, which in turn can 

negatively affect the perceived reliability and convenience of those travelling on the existing 

O-Bahn network. In addition, Hackney Road accommodates other road users, including; cars, 

heavy vehicles, pedestrians and cyclists. These road users access the ring route and nine side 

streets along the eastern side of Hackney Road, which provides access to the areas around St 

Peter’s College, including; local businesses and residential housing. On the western side, 

Hackney Road provides access to the National Wine Centre, Adelaide Zoo and the Botanic 

Gardens. The following sections provide detail designs for the extent of the O-Bahn City 

Access Project–Stage 1 as it pertains to the Transport Department.  

2.1 HACKNEY ROAD RE-ALIGNMENT  

The Hackney Road re-alignment has been designed to accommodate two new 820m long 

dedicated bus lanes that start from chainage 60 and ending at chainage 880, detailed in 

Drawings 0002-TR-2017. While undertaking the road alignment, Austroads Guide to Road 

Design Part 3 – Geometric Design was used to ensure road geometry design is adequate to 

facilitate traffic movements along Hackney Road and complies with all relevant standards. 

The new busway entry/exit ramp starts 37m south of Cambridge Street as shown in the 

Drawings 0001-TR-2017.  The Tunnel alignment runs alongside the existing Hackney Road 

Bridge, under Bundeys Road and Park Road before connecting with the existing O-Bahn 

infrastructure. 

 To accommodate the bus lanes running in the centre of Hackney Road, the road requires 

widening as shown in the detailed design. To provide access to side streets, U-turn facilities 

and channelized right-hand turns will be installed along Hackney Road. A shared path way has 

been designed for bicycles and pedestrian that runs along the western side of Hackney Road. 

In addition, the eastern side of Hackney Road, a bike lane will be incorporated with the 
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existing access lane running parallel to Hackney Road. The changes to the overall geometry 

and layout of the Hackney Road can be seen in the Drawings 0001-TR-2017 and 0002-TR-

2017, changes include an additional two lanes for general traffic, U-Turns facilities and two 

dedicated bus lanes.  

 

2.1.1 HACKNEY ROAD / BOTANIC ROAD INTERSECTION  

Hackney Road/Botanic Road intersection has several constraints regarding heritage listed 

infrastructure on either side of Hackney Road. Due to the restricted space, the standard 

design desirable lane widths could not be achieved. However, minimum and reasonable lane 

widths were achieved and comply with Guide to Road Design Austroads Part 3 - Geometric 

Design. As it was identified that within urban areas when space requirements are limited, 

minimum lane widths can be used. The resulting intersection design was achieved and is 

summarised in Figure 3 and Detailed in Drawing 0003-TR-2017.  

 

 

 

Figure 3: Intersection of Hackney Road and Botanic Road 
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As can be seen at the Intersection of Hackney and Botanic Road in Figure 3, inbound and 

outbound lane widths are 3.4m for each of the dedicated bus lanes and there are 3.1m to 

3.3m widths for the six general traffic lanes. From chainage 60 to 440, the designed lane 

widths will be constant, from this point there is sufficient room to achieve desired minimum 

lane widths.  

 

2.1.1 TURNING RADII FOR BUSES OFF HACKNEY ROAD AND ONTO HACKNEY ROAD 

The turning radius of a vehicle depends on several parameters, such as the number of trailing 

axles, unit steering geometry and the wheelbase. For an intersection, which consists of an 

arterial/arterial section the turning radius of an articulated bus (19 m) needs to be developed 

according to a checking design of a Prime-Mover (25 m).  According Guide to Road Design-

Austroads, Part 4 - Intersections and Crossings and, the National Association of Australian 

State Road Authorities (NAASRA 1995), the parameters can be generalised into respective 

vehicle types or intersection types. As such Figure 6 below classifies significant intersections 

by road types, while Table 1 provides a guide to selecting the appropriate design.  
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Figure 4: Arterial Intersection and Road 

Using Table 1, a turning radius of 15m is required in line with the 19m articulated buses 

performing turning movements on the arterial/arterial intersections of Botanic/Hackney 

Road and Bundeys/Hackney Road. 

 

 

 

 

 

 

 

  

Important Intersection- Bundeys 

Road  

Hackney Road Intersection 

Arterial / Arterial Intersection 

Arterial /Arterial Intersection 
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Table 1: Intersecting Road Types/ Design Radius (Austroads Part 4) 

 

 

 

 

 

 

 

 

 

 

This check design for the turn radius is implemented to compensate for appropriate vehicle 

lengths such as the prime mover and semi-trailers which are both 25m long. This means that 

the absolute minimum radius can be confidently achieved by all the vehicles using the 

intersection Guide to Road Design-Austroads, Part 4. For the design case where an O-Bahn 

bus is required to turn, the minimum radius of 12.5m has been used at a reduced speed of 

5km/h.   

The dot-points listed in Figure 5 below indicate the required radii respective to the vehicles 

turning speed.  
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Figure 5: Required Radius for Various Bus Lengths 

 

Sweep Path Manual Analysis 

Turning path of the O-Bahn bus forms the basis of the turning radius at individual 

intersections. Therefore, it is important to calculate the turning path at required intersections 

and accommodate for necessary clearances. The turning path or the swept path has been 

developed according to Guide to Road Design-Austroads, Part 4 and Land Transport (2007).  

The principles that the turning path has been designed for are: 

 The O-Bahn bus doesn’t cross the adjacent marked lane while committing to a turn 

(left or right). 

 Especially regarding to an articulated O-Bahn bus, the vehicle should not be able to 

move backwards during the turn. 

 The O-Bahn bus’s rear wheels do not damage the pavement surfacing whilst turning, 

a standard O-Bahn bus, a manual swept path analysis has been conducted this can be 

seen in the Figure 6 below. 
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Figure 6 : Minimum Turning Radius for Bus 

 

2.1.2 SIGNAL RE-PHASING FOR BOTANIC AND HACKNEY INTERSECTION  

Following alignment changes detailed in the section above a review of the signal phasing was 

undertaken. In undertaking the signal re-phasing, consideration was given to optimising the 

level of service (LOS), by reviewing the output from SIDRA, determined through average 

delays, degree of saturation and average speed. Input parameters were obtained from the 
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Department of Planning, Transport and Infrastructure (DPTI) such as traffic volume surveys, 

with an optimum cycle time of 120 seconds. Initial outputs for the intersection following re-

alignment highlighted the decreased LOS at the intersection as experienced during peak 

times. To manage the subsequent decreased LOS at the intersection, traffic signals re-phasing 

was conducted and optimum signal sequences was attained, with the detailed provided in 

Appendix A. 

In addition to this intersection upgrade, vehicle detectors loops are required to be installed 

in accordance with AS2703-Vehicle Loop Detector Sensor, 2008. 

2.2 ROAD GEOMETRY FOR HACKNEY ROAD  

The road geometry along Hackney Road was altered to accommodate the two dedicated bus 

lanes travelling north (western side) and south (eastern side) where the lane widths vary 

from 3.4m to 3.5m. In turn increasing the existing network from four lanes to six, as shown 

in Drawings 0001-TR-2017 and 0002-TR-2017. 

2.2.1 RAISED MEDIAN STRIP 

The width of the median will vary at different points along Hackney Road. Between chainage 

440 and 480, the median will be reduced from 7m to 4m to accommodate a channelized right 

turn lane. The median strip has been completely removed to provide a nominal width for the 

turn lane, for U-turns/right turns with minimum lane width of 3.3m.  

The median strip will be reduced to 0.3m from the Botanic Road intersection to chainage 340, 

and a gap in the median of 3.5m to allow cars to turn into and out of the northern car park at 

the National Wine Centre. 

From chainage 700, the median strip will be reduced from 10m to 4m for a 75m long section 

as shown in Drawing 0009-TR-2017.   

2.2.2 BOTANIC ROAD TO PLANE TREE DRIVE ENTRANCE  

From the Botanic Road intersection (CH60 to CH480) to Plane Tree Drive (PTD) entrance, 

approximately 420m of Hackney Road will required minor changes to achieve the additional 

lane. The existing bicycle lane on the western side will be removed to allow sufficient width 

to accommodate an additional lane heading north. 
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 A new shared bike lane will be added to the western side of Hackney Road as specified in the 

Urban Design in Section 6. Similarly, on the eastern side of Hackney Road, to provide a 

sufficient width for bus lanes, existing widths have been adjusted. Heading south, 45 meters 

from the PTD entrance a median strip of 2.6m wide was chosen to provide pedestrian refuges 

and to install a channelized right turn to Plane Tree Drive as shown in Drawing 0005-TR-2017. 

2.2.3 CH480 TO CH920 

Two bus lanes have been added by reducing the size of median strip from Plane Tree Drive 

entrance to the entry for the ramp heading north. On the western side a lane width of 3.5m 

was acquired by removing the existing bicycle lane and carpark. In this section of Hackney 

Road, a 120m long back to back right-turn has been added to provide an entrance to Plane 

Tree Drive and St Peters College, in Accordance to Austroads Guide to Road Design- Part 4A 

which suggests the use of a minimum 60m Auxiliary Lane length.  

Heading further north along Hackney Road a 100m long channelized right-turn lane has been 

added to provide access to Valima Court and St Peters College, which will potentially reduce 

the short stacking issues during peak hours and can be used as a U-turn facility.  

Also, the funnel for the busway entering the tunnel, will start from chainage 840 and will finish 

at 880 providing a 40m long funnel for buses to align adequately to enter the O-Bahn tracks. 

From Chainage 840, a 155m long ramp for buses will start and continue as the bus lanes 

connect with the existing infrastructure. 

2.2.4 CHAINAGE 920 TO RICHMOND STREET  

On the eastern and western side of Hackney Road, two lanes on each side will be used for 

general traffic. An 80m long channelized right turn lane into Richmond Street has been 

designed in Accordance to Austroads Guide to Road Design- Part 4A, which suggested to use 

a minimum of 60m auxiliary lane length.  Also, to accommodate traffic exiting Plane Tree Drive 

an auxiliary lane will be used to perform a U-turn safely. As detailed in Drawing 0009-TR-2017. 

2.2.5 RICHMOND STREET TO BUNDEYS ROAD 

Hackney Road will have minor pavement marking changes over this section of the road due 

to the location of the tunnel. 
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2.2.6 DEDICATED BUS LANES  

Both dedicated bus lanes run from chainage 60 to 880 where the lanes enter the new 

busway. As per Guide to Austroads Part 3: Geometric Design the dedicated bus lanes have 

the minimum design width of 3.5m as this provides an acceptable level of clearance for the 

adjacent traveling lanes.  

The dedicated bus lane is essential as it will allow buses to travel the distance over a consistent 

time during peak hour congestions. Constructing a dedicated bus lane will provide sufficient 

turning radii to enable outbound and inbound buses to safely turn left onto Hackney Road.  

While the inbound bus lane will run parallel to the outbound lane, running in the centre of 

Hackney Road and terminating at Botanic Road. To accommodate the additional bus lanes, 

the current parking along Hackney Road will be altered and is detailed in Drawing 0002-TR-

2017 describing: 

 At the Botanic Road and Hackney Road intersection, there will be an alteration of the 

signal phases which can be seen in Drawing 0003-TR-2017 This has been designed so 

that buses have priority at the lights, this in turn streamlines traffic flow; 

 The lane width for each lane along Hackney Road and Hackney bridge have been 

designed in accordance to Austroads Part 4 Intersections and Crossings, where the 

minimum lane width of 3.5m is required; 

 The dedicated bus lanes along Hackney Road has been designed with a lane width of 

3.5m, this was the final design used as this width provides adequate clearance 

between buses, vegetation and traffic. Reduction in the lane width can be considered 

according to the site constraints and Guide to Road Design - Austroads: Part 3 

Geometric Design. 

2.2.7 PEDESTRIAN ACCESS / REFUGES  

The three pedestrian crossings located along Hackney Road have been designed to provide 

pedestrians with a safe means of crossing Hackney Road. The designed pedestrian refuge has 

been provided in Drawing 0001-TR-2017. The strategic location of the pedestrian refuges has 

been chosen, as these locations do not conflict with turning movements and give sufficient 

sight distance along Hackney Road.  
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The pedestrian crossings require the use of tactile indicators, these indicators are required to 

be installed to AS1428.4.1 Means to Assist the Orientation of People with Vision Impairment-

Tactile Ground Surface Indicators – 2009. In addition, pedestrian refuges shall be a minimum 

3m in width in accordance with AS 1742.10 Manual of Uniform Traffic Control Devices General 

Introduction and Index of Signs. As this provides an allowance for crossings to be utilised as a 

shared pathway. The crossings will have four 1.2m high refuge safety rails placed at each 

location, with dual safety rails to be added at median crossings, providing refuge from traffic 

in both directions. Pram ramps are located at each side of pedestrian crossings, with a 

minimum width of 1.2m required and tactile indicators imbedded to address DDA 

requirements.    

2.2.8 BUS STOPS/ PUBLIC TRANSPORT  

The location of bus stops are shown in  Figure 7  and have been designed in accordance 

with Austroads Part 4 Intersections and Crossings and addresses the DDA requirements. 

Currently along Hackney Road there are three bus stops on the eastern and western side. The 

new road alignment does not affect the current bus shelters initial positions on either side 

though the western side bus shelters will be re-established. The following guidelines will be 

rendered in accordance to re-establishing the bus shelters by utilising Austroads Part 4 

Intersections and Crossings. 

The new bus stops have been designed in accordance with the Australian Commonwealth 

Disability Discrimination Act 1992 (Transport 2002). The design provided in Appendix A 

specifies sufficient space for a wheelchair to manoeuvre adjacent to the buses door. While 

proving a wide area, which is clear for passengers to enter and exit the bus from both the 

front and rear door for various lengths of buses.  
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 Figure 7: Current Bus Stops Location 

 

Appendix A utilises the standard bus stop layout which can be implemented along the western 

side of Hackney Road.  While on the pavement, full time parking restriction lines are used to 

designate no stopping areas for all vehicles, which are located 3m away from either side of 

the bus zone AS1742.11 Manual of Uniform Traffic Control Devices. Though not included in 

the layout the design has considered the barrier kerb within bus bays to be implemented to 

comply with Guide to Road Design Part 4: Intersections and Crossings –general.  

2.2.9 SUPERELEVATION  

A road cross fall of 3% was selected in consultation with the Geotechnical Department to 

ensure suitable runoff is achieved and no ponding occurs. For details of the cross fall refer to 

the Geotechnical Department report in Section 3. 

2.2.10 SIDE STREETS  

In total, there are nine access streets along the eastern side of Hackney Road, several which 

provide access to local businesses, residential properties and St Peter’s College. While on the 

western side of Hackney Road, there are two access roads that provide access to the National 

Wine Centre, in addition to two streets for residents. The affected side streets can be seen in 

Drawings 0001-TR-2017 and 0002-TR-2017. 
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2.2.11 KERB & CHANNEL 

Due to construction works that will be undertaken, there are sections of road requiring new 

kerb and channel. These locations are detailed in Drawings 0001-TR-2017 and 0002-TR-2017 

with the kerb and channel detailed in Drawing 0015-TR-2017 to be constructed to AS2876 – 

Concrete Kerbs and Channels, (Gutters) Manually or Machine Pressed, 2000. In addition, 

adequate preparation of supporting layers is required to ensure that all subgrade, subbase 

and bedding material conform to the specification outlined in Section 8 of this standard, this 

also specifies a concrete compressive strength of 40Mpa.   

2.2.12 U-TURNS  

As part of the changes along Hackney Road, opportunities were identified to reduce the 

number of incidents the networks experiences annually. A study conducted by Federal 

Highway Administration (US Department of Transportation) summaries that crash reduction 

due to Median U-turn treatments can be up to 50%. As such a Mid-Block U-turn Facility, has 

been considered as the safest option to provide an alternative access to adjacent streets along 

Hackney Road.  

U-turn facilities are required along Hackney Road in both directions, this enables traffic access 

to opposite local streets/parks where right-hand turns have been restricted. This component 

is vital in ensuring road users can safely make turns and merge with flowing traffic 

There are four U-turns implemented along Hackney Road all of which comply with Guide to 

Road Design - Austroads: Part 4A Signalised Intersections and Un-Signalised intersections and 

Part 3: Traffic Studies and Analysis. 

The Figure 8 below are attained from the calculations from Appendix A where each calculation 

of the U-turn has been provided:  
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Figure 8: Auxiliary Lane Lengths for Streets Access 

The desired minimum spacing for a vehicle shelter crossing is 6m in width, where this width 

is measured from the edge of traffic lanes as there are no associated kerbs. U-turn facilities 

require a minimum pull in lane of 20m, consisting of a minimum 3m width Guide to Road 

Design - Austroads: Part 4A Signalised Intersections and Un-Signalised intersections and Guide 

to Traffic Management- Austroads, Part 3: Traffic Studies and Analysis. This lead up for the 

turn ensures that short stacking into other lanes of traffic is reduced, it has been noted that 

larger U-turn lanes are required for higher turning volumes.  Within the design the desirable 

U-turn treatment lane width has been implemented as 3.5m for standard traffic in urban 

areas and 3.7m for high volume of vehicles within a certain lane. A full U-turn facility of 6m 

has been incorporated into the design as it provides the required spacing for a sheltered car 

Athelney Avenue 

B = 60m 

D= 54m 

S=  6 m 

Vailima Court 

B = 100m 

D= m 

S= 6 m 

St Peter’s College 

B = 60m 

D= 54m 

S= 6 m 

Richmond Street 

B = 80m 

D= 74m 

S= 6 m 
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U-turn. Allowing this 6m satisfies the design with accordance with Guide to Road Design - 

Austroads: Part 3 Geometric Design. Figure 9 shows the location of right turn lanes which also 

can be used as a U-turn facilities starting from North and Finishing South: 

Richmond Street, Vailima Court, St Peter’s College, Plane Tree Drive/Athelney Avenue: 

 

 

Figure 9: U-Turn Facility Locations 

2.2.13 BUNDEYS ROAD AND HACKNEY ROAD INTERSECTION  

Following removal of the O-Bahn buses from Bundeys/Hackney Road intersection, an 

opportunity was identified to remove the dedicated B-Lights afforded to the buses. In 

removing this priority signal phase and subsequent lane, traffic LOS could be improved. 

2.2.14 RE-ALIGNMENT  

The only notable change to the intersection was the removal of the dedicated B-Light aspect 

and bus lane shown in Figure 10 below. The median has been increased to incorporate the 

space once used as the bus lane. Details can be seen in Drawing 0010-TR-2017.  
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Figure 10: Dedicated Bus Lane Removal 

2.2.15 SIGNAL RE-PHASING AT BUNDEYS INTERSECTION  

Following alignment changes detailed in Drawing 0010-TR-2017, a review of the signal 

phasing was required. As the dedicated bus lane and B-light priority will be removed, there 

was an opportunity to improve the level of service (LOS) at the intersection. In undertaking 

the signal re-phasing, consideration was given to optimising the design, by reviewing the 

output from SIDRA regarding the LOS, determined through the average delay, degree of 

saturation, density and average speed. Input parameters were obtained from DPTI traffic 

volumes surveys, with an optimum cycle time of 120seconds selected as per DPTI design 

standards. Initial outputs for the intersection following re-alignment, highlighted the 

decreased level of service the intersection experiences during peak times. To manage the LOS 

issues at the intersection, traffic signals re-phasing was conducted in SIDRA and optimum 

signal sequence has been shown in the detail Appendix A. 

In addition, vehicle loop detectors are required to be installed in accordance with AS2703-

Vehicle Loop Detector Sensor,2008. 
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2.2.16 BUSWAY TUNNEL DETAILED DESIGN  

The extent of the new busway detailed in Drawing 0016-TR-2017, extends from the existing 

O-Bahn infrastructure to Cambridge Street along Hackney Road. The length of the tunnel is 

842m and starts from CH  880 and connects with existing O-Bahn infrastructure at CH 1720. 

Table 2: Tunnel Geometric Criteria 

Parameters  Designed Desirable 

Urban   Urban 
 

Tubes 1 
 

 
 Bi-directional Tubes 

 Bi-directional 
Tube 

 Bi-directional 
Tube 

Lanes 2 2 

Tube Shape Rectangular  Rectangular  

Tube Length maximum (m) 842 842 

Ramp Length 155 155 

AADT (Approx.) 1000 1000 

HV% 100 100 

Maximum vehicle length (m) 19m 19m 

Maximum vehicle Height (m) 7 4.5 

Grade for Ramp 3% 3<5% 

Width of Buses 2.6 2.6 

Shoulder 1.2m to 2.5m 0.9m 

On/Off ramps 1 1 

 Passenger  egress points Both sides Both Sides 

Horizontal Minimum Radius  300m 270m 

Driver Reaction Time 1.5sec 2.0sec 

Driver Eye Sight 1.8m 1.8m 

Speed  85km/h 85km/h 

The detailed design of the Busway tunnel is shown in the Table 2 above. It shows the desirable 

and designed tunnel dimensions. 
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2.3 ALIGNMENT OF TUNNEL 

2.3.1 HORIZONTAL ALIGNMENT 

 Guide to Road Tunnels- Austroads Part 2: Planning, Design and Commissioning and Guide to 

Road Design - Austroads: Part 3 Geometric Design, provided guidance on the design speed for 

the busway tunnel, based off the tunnel having two directions of travel and articulated buses 

utilising the network. The subsequent design speed of 80km/hr, had a dictating influence over 

the horizontal alignment, to ensure that the minimum curve radius of 270m was achieved. In 

overall horizontal alignment, there are four radiuses and arc lengths as shown in the Table 3. 

Table 3: Radius and Arc Length 

Radius Length of Radius Arc Length 

R1 300m 128.7m 

R2 300m 74m 

R3 351m 73.6m 

R4 460m 133.5m 

 

In addition, consultation with other departments was sought, to ensure that conflicts were 

minimised as much as reasonably practicable. The extent of the alignment is shown in 

Drawing 0016-TR-2017.  

2.3.2 VERTICAL ALIGNMENT 

The vertical alignment of the busway was determined through existing surface level 

information obtained from Location SA and detailed in Drawing 0012-TR-2017. The vertical 

alignment of the busway was determined through existing surface level information obtained 

from Location SA and detailed in Drawing 0012-TR-2017. For the extent of the tunnel, a depth 

of 7m is required, with an additional 0.75m of cover over tunnel roof. The extent of the 

alignment is shown in Drawing 0012-TR-2017. Over the river, a minimum clearance of 2.4m 

has been maintained to ensure there is sufficient clearance between pedestrians, cyclists and 

impact from floods are minimised. 
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2.3.3 GEOMETRY OF TUNNEL 

The extent of the tunnel is from CH880 to CH1720, therefore including the ramp, the total 

length is 842m.  CH1120 the width of the tunnel is 8.1m excluding sheet piles and from 

CH1120 to CH1720 it is 9.8m excluding sheet piles, with a cross section of each shown in 

Drawing 0014-TR-2017. 

2.3.4 EMERGENCY EGRESS 

In the case of an emergency, pedestrians need to be quickly evacuated from the tunnel, to 

allow for safe egress an emergency egress lane will be located on both sides of the tunnel.  

The egress lanes begin at the start of the ramp at chainage 880 and continue to the northern 

side of the tunnel at chainage 1720. Each emergency egress lane is 1.2m wide and has been 

designed in accordance with Guide to Road Tunnels- Austroads Part 2: Planning, Design and 

Commissioning. Detailed in Drawing 0014-TR-2017 and more information is provided in 

Section 5 of the Structural Department.  

2.3.5 RAMP FOR ENTRY/EXIT 

The entry/exit ramp, detailed in Drawing 0008-TR-2017, will have a gradient of 3% in 

accordance with Guide to Road Design – Austroads Part 3: Geometric design. This results in a 

ramp length of approximately 155m starting from Chainage 880.  

2.3.6 ROAD SAFETY BARRIERS 

Road safety barriers for the new O-Bahn entry/exit ramp have been designed in accordance 

with Guide to Road Design, Austroads Part 6 A: Road Safety Barrier Design, designed and 

detailed by the Structural Department.  

2.3.7 CONNECTION WITH EXITING O-BAHN TRACK 

To connect with the existing O-Bahn infrastructure at the northern end of the project, the 

existing busway tunnel under Park Road requires widening from one lane to two lanes. The 

extent of this works has been designed and detailed by the Structural and Geotechnical 

Departments. The tracks from the tunnel will be aligned with the existing O-Bahn track as can 

be seen in Drawing 0017-TR-2017.  
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2.3.8 DETAIL DESIGN OF CAR PARKS 

Design of the reconstructed carparks, was in accordance with AS2890.1: Parking Facilities, 

2004, with the extent of the carparks detailed in Drawing 0011-TR-2017.  

2.3.9 LOCATION  

To offset the loss of parking spaces between CH480 and CH840, the existing parking spaces 

to the south between CH220 and CH440 were reconstructed to include an increase in parking 

spaces.  

2.3.10 PARKING SPACE DESIGN 

As there were constraints regarding existing infrastructure and the Botanic Gardens, the re-

designed spaces were optimised to include one direction of travel where possible, in turn 

reducing the aisle widths. Where possible  90° parking was selected as this provides an 

opportunity to optimise the number of parking spaces in relation to available spaces. The 90° 

parking spaces are 5.4m long and 2.4m wide with 5.8m aisle width, with 60° angle parking’s 

are 5.1m long and 2.4m wide with 4.9m aisle width. Disabled parking spaces have been 

allocated and designed in accordance to AS2890.1: Parking Facilities, 2004, providing 4.8m 

wide and 5.4m long parking space with pavement markings this can be seen in Drawing 0011-

TR-2017. 

2.4 DELINEATION  

Following re-alignment and pavement laying of Hackney Road, delineation is required. This 

requires several types of line marking to be used on Hackney Road. There are dividing, barrier, 

lane, edge, continuity and turn lines. As seen in Drawing 0011-TR-2017, the area around 

Hackney Road consists of several types of line markings.  

All lines used throughout the extent of works follow Australian standards and the DPTI 

standards, these include AS1742.2 Manual of Uniform Traffic Control Devices Traffic control, 

Part2: Devices for General Use, and AS1742.13 Manual of Uniform Traffic Control Devices 

Traffic control, Part13: Local Area Traffic Management, DPTI The Pavement Marking Manual 

and Manual of Legal Responsibilities and Technical Requirements for Traffic Control Devices 

Part 2 –Code of Technical Requirements.  
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2.4.1 DIVIDING LINES 

Hackney Road has a median strip that runs for the extent of the road. Therefore, dividing lines 

are not needed to separate the busway directions, they are needed however to separate the 

dedicated bus lanes from the normal lanes. These lines are 9m long with a spacing of 3m, they 

are white and are 200mm thick. 

2.4.2 BARRIER LINES 

Barrier lines are present only across the bridge, to ensure that there is no overtaking.  The 

barrier line used is the single line variant that is 100mm thick in white paint. 

2.4.3 LANE LINES 

The standard-broken lane lines are used throughout Hackney Road to separate lanes. It 

consists of a 3m dashed line with 9m spacing. The line is white and is 100mm thick. 

2.4.4 EDGE LINES 

Edge lines are used to outline the outer edges of the road and the median strip. It is a 

continuous white line at 100mm thick placed 300mm from the kerb. 

2.4.5 CONTINUITY LINES 

Continuity lines are used to show where edge lines should be in areas that have traffic crossing 

over those edge lines. The continuity lines used in Hackney Road are 1m long with spacing of 

3m and have the same thickness and colour as their matching edge lines. 

2.4.6 TURN LINES 

Turn lines are used at both intersections to show turning traffic where to go, to merge 

smoothly. These lines are 600mm long with a gap of 600mm, are white and are 100mm thick. 

2.4.7 STOP LINES 

Stop lines are used at intersections to show drivers where to stop in order to prevent collisions 

with oncoming traffic. They are present at both intersections at either end of Hackney Road. 
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They are also used in conjunction with the stop signs at Botanic Drive. The lines are 

continuous, white and are 450mm thick. 

2.4.8 GIVE WAY LINES 

Give way lines are used in conjunction with ‘give way’ signs and are positioned next to those 

signs to show drivers the safe distance from oncoming traffic. The lines are set in 600mm-

long strips with 600 mm gaps, they are white and 450mm thick. 

2.4.9 MEDIANS, OUTLINES AND PAINTED KERBS  

Raised median kerbs shall be outlined where the adjacent through lane width is 3m or greater 

in width. The line used shall be white, continuous and 100mm thick. Raised median kerbs shall 

be painted white where the adjacent through lane width is less than 3m.  

2.4.10 COLOURED PAVEMENT 

Coloured pavement shall be used for both the bike path and the bus only lanes. The bike path 

is required to be coloured green (Emerald, G13) and the bus only lanes will be coloured red 

(Signal Red, R13). Both these colours shall be treated with a skid resistant coating rated to 45 

BPN. 

2.4.11 SPEED SIGN FOR TUNNEL 

The tunnel has been designed for 85km/h, however signs will display 80km/h. As the buses 

are funnelled into the tunnel the posted speed limit will be 20 km/h as busses transition on 

the busway safely. The posted speed limit will then be changed to 40km/h after buses have 

travelled 40m, the speed limit is raised to 80km/h and will remain at this speed while 

connecting to the existing infrastructure.     
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2.5 TRAFFIC MANAGEMENT PLAN  

During construction, there will be a requirement to temporarily change the traffic movements 

along Hackney Road. However, through a priority to maintain access to sites throughout 

construction, impacts on local businesses, residents and public can be minimised. 

 Restrictions on traffic movements will require advance warnings, to aid motorists in 

planning alternate routes. Suggested locations for visual message signs (VMS) at 

strategic locations are detailed in Figure 11.  

 Adelaide Metro, emergency services, Norwood Traffic Management and any other 

relevant stakeholders will need to be notified continuously and consulted in regards 

to any proposed closures well in advance.  

 

Figure 11: Suggested VMS Location  

 

A summary of Traffic Management Plans (TMP) are detailed in the subsequent sections for all 

major works. 
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2.5.1 MINOR TRAFFIC MANAGEMENT 

Throughout the construction period, the traffic conditions will be changed along Hackney 

Road. An initial TMP will be implemented on Hackney Road, between North Terrace and the 

Bundeys Road intersections. All traffic will be slowed to 40 km/h and signs will be placed on 

both Hackney Road and all local access streets in accordance with AS 1742.3 Manual of 

Uniform Traffic Control Devices, Part 3: Traffic Control for Works on Road.  This TMP will be 

overruled when any major road work is being undertaken and re-instated when major work 

is completed. This TMP will be revised on a weekly basis by a trained Traffic controller.  

Details of the general site plan can be seen in Drawings 0018-TR-2017 to 0022-TR-2017.  

2.5.2 HACKNEY ROAD REALIGNMENT AND MEDIAN REMOVAL  

Initially, works will involve closing the middle lanes to begin realignment and construction of 

the dedicated bus lanes, leaving the outer lanes open for traffic movements. To minimise 

disruption this will be done in sections, so only short distances will be reduced to one lane. 

Safety Barriers will be installed if workers are within 1.2m of moving traffic. Throughout all 

stages of realignment, all operating lanes will be a minimum of 3m width. Appropriate 

notification will be given to residents and businesses, regarding the scheduling of works that 

may affect them. Details of the TMP can be seen in Drawing 0027-TR-2017. 

2.5.3 ROAD WIDENING 

To accommodate the widening of Hackney Road, the shoulder on the western side will require 

excavation. A TMP will be implemented to ensure the safety of road workers while 

maintaining traffic flow. Traffic will be slowed to 25km/h alongside the worksite and safety 

barriers will be used where workers are within 1.2m of moving traffic. A minimum lane width 

of 3m will be maintained for the left-hand lane throughout the road works. Where medians 

are removed, temporary bollards and barrier mesh will be used. Details of this TMP are 

highlighted in Drawing 0024-TR-2017. 

2.5.4 CLOSURE OF WESTERN BRIDGE  

To allow for construction of the busway across the river, the western bridge will be closed to 

enable trucks and cranes to utilise the space. To allow for traffic movements the eastern 
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bridge will be restricted to one lane of traffic in either direction. To minimise disruptions, it is 

recommended this work is to be undertaken on weekends or at night.  

Traffic controllers will be located at both the northern and southern end of the bridge, to 

manage traffic movements. As trucks arrive on site, traffic will be stopped in both directions 

to allow site access. Traffic will also be stopped in each direction to allow for right turns from 

Richmond Road and Bundeys Road. Details of this TMP are highlighted in Drawing 0025-TR-

2017. 

2.5.5 TUNNEL ENTRY EASTERN END 

The western extent of Hackney Road requires closure while the busway is being excavated on 

the southern side of the river to align with the dedicated bus lanes. Outbound traffic will be 

diverted to the eastern side of Hackney Road at Cambridge Street and returned to the 

western lanes after Richmond Street. Traffic Controllers will be located at Cambridge Street 

and Richmond Street to effectively manage traffic flows. Traffic will be stopped in each 

direction to allow for right turns from Richmond Street and site access. Details of this TMP 

are highlighted in Drawing 0026-TR-2017. 

2.5.6 SHEET PILING UNDER BUNDEYS ROAD  

To allow for sheet piling under Bundeys Road, Bundeys Road will be closed between Hackney 

Road and War Memorial Drive. North Bound traffic on Hackney Road will be redirected to 

Melbourne Street, down Dunn Street and to Mackinnon Parade. Traffic from War Memorial 

Drive and the western side of Bundeys Road will be re-routed towards Melbourne Street onto 

Park Road. Details of the detour can be seen in Figure 12 below. 
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Figure 12: Detour Route for Bundeys Road Closure 

A TMP will also be implemented on Bundeys Road to safely manage Traffic, detail of the TMP 

can be seen in Drawing 0023-TR-2017. 

2.5.7 SHEET PILING PARK ROAD INBOUND 

To allow for sheet piling under Park Road, the inbound traffic lanes will need to be closed. To 

allow for traffic movements, traffic will be diverted along Melbourne Street and proceed 

south using the outbound lanes. To manage the traffic traveling on the opposite side of the 

road, temporary traffic lights will be utilised at the Melbourne Street/Park Road intersection 

and the Bundeys Road/Park Road intersection. Traffic will be stopped, one direction at a time 

to allow traffic from the opposite direction. Traffic controllers will also be used to allow for 

right hand turns at both intersections. To allow heavy vehicles to manoeuvre from Melbourne 
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Street onto Park Road, traffic will be stopped behind the heavy vehicle so both lanes can be 

utilised.  

Traffic will be stopped in both directions to allow for site access. In addition, advanced 

warning will be given to Adelaide Metro to ensure that articulated buses do not use the 

network. To minimise disruption this work will be undertaken over a weekend period. 

Motorists will be notified well in advanced through VMS boards and alternate detour routes 

will be recommended. Details of this TMP are highlighted in Drawing 0029-TR-2017. 

2.5.8 SHEET PILING PARK ROAD OUTBOUND 

To allow for sheet piling on the outbound lane, a similar TMP will be required to that of the 

sheet piling for the inbound lane. However, for this stage the outbound traffic will be diverted 

to the inbound lane, then redirected to complete a U-turn at Melbourne Street. To allow 

enough room for heavy vehicles to complete this U-turn, traffic will be stopped for a brief 

period directly behind the heavy vehicle. The minimum room required to complete the U-

Turn is a turning radius of 12.5m, at the location where the U-turn will occur there is 20m of 

room to minimise disruption this work will be undertaken over a weekend period. Motorists 

will be notified well in advanced through VMS boards and alternate detour routes will be 

recommended. Details of this TMP are highlighted in Drawing 0028-TR-2017. 

2.5.9 MANAGING INCREASED TRAFFIC FLOWS 

Due to anticipated delays, it is expected that several motorists will utilise alternative routes 

to avoid the construction along Hackney Road. This may cause significant congestion issues 

on surrounding networks. To mitigate these negative effects, coordination with Norwood 

Traffic Management Centre will ensure traffic flows smoothly on surrounding networks. If 

surrounding intersections become congested, altering signalised traffic phasing may be 

required. Throughout construction, the traffic movements at the intersections highlighted in  

Figure 13 will be monitored.  
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Figure 13: Intersections Requiring Monitoring 

2.5.10 TRAFFIC MANAGEMENT FOR SERVICE RELOCATIONS 

To allow for the relocation of the services, plans will be implemented to ensure minimal 

disruptions to traffic flow. Through collaboration with the Services Department it has been 

identified that mains water relocation work for the western side will be undertaken at the 

same time as sheet piling, the traffic management plans detailed in Drawings (0023-TR-201 

and 0028-TR-2017) will be reused. To allow for the 426mm pipe on the eastern side, traffic 

heading south will be slowed to 25km/h. If work is being undertaken within 1.2m of the left-

hand lane, the lane will be closed and traffic will be restricted to one lane.    

The relocation of power lines from the western, to the eastern side of Hackney Road will have 

minimal impact on traffic flow. The installation of new stobie poles will require traffic to be 

slowed to 25km/h within the work zone. If work is undertaken, or plant is required less than 

1.2m from the kerb, the outside lanes will be closed and a traffic diverted to one lane, the 

TMP for this work will be like the road widening TMP, detailed in Drawing 0024-TR-2017.  

No specific TMP will be implemented for the installation of Gas or Telecommunication as the 

installation will not affect the traffic movements.  

 

2.5.11 PEDESTRIAN MANAGEMENT  
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For safety reasons, pedestrian access will be restricted during construction. While work is 

undertaken near the Hackney bridges, the pedestrian paths below will be closed. Detour signs 

will be posted at strategic locations prior to work commencing, to provide pedestrians with 

advanced notice. Details of road closures and detour routes can be seen in Figure 14 below. 

 

Figure 14: Pedestrian/Bicycle Detour 

2.5.12 SITE ACCESS FOR LOCAL BUSINESSES 

Throughout the construction phase, disruptions to local business and residents is inevitable. 

However, through a priority to maintain access to sites throughout construction, impacts on 

local businesses, residents and the public can be minimised. Although access to certain side 

streets may be temporarily restricted, detour routes will always be clearly marked.  

Whenever right hand turns are restricted, U-Turn facilities will allow site access detailed in 

Drawing 007-TR-2017. Through the implementation of TMP’s access to Vailima Gardens 
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Retirement Centre, The Hackney Hotel and The Adelaide Progressive Jewish Congregation will 

be maintained.       

Access to St Peters College will be maintained throughout the construction. However, while 

median work is being undertaken in front of the college, right hand turns into and out of the 

property will be restricted. Traffic entering or exiting the property will complete U-turns at 

dedicated U-turn facilities on Hackney Road to access the property. Due to an increase in 

traffic levels, traffic movements will be monitored on Hackney Road during college pick up 

and drop off times. If traffic flows are adversely affected, additional traffic controllers will be 

allocated to improve the traffic flow. In addition, St Peters College will be provided with 

advanced warning regarding any significant works that may affect access to the college. It is 

likely motorists will avoid Hackney Road and utilise the drop off point at the end of Trinity 

Street leading to an increase in traffic on surrounding side streets. Traffic levels will be 

monitored throughout construction to ensure satisfactory traffic movements.   

 

2.6 CONSTRUCTION METHODOLOGY  

Below is a methodology of the Transport Department scope of work for the duration of the 

project. 

1. Prior to any construction works beginning, initial traffic management plan will need to 

be implemented in accordance with Drawings 0018-TR-2017 to 0022-TR-2017. The 

traffic management plans provided in these drawings, will be implemented as 

required as the project progresses. Traffic management plans will be checked daily 

and reviewed regularly through consultation with Norwood Traffic Centre. 

2. Following implementation of the traffic management live surveying of the tunnel 

alignment will commence in conjunction with the required changes along Hackney 

Road. This work will be coordinated with the other relevant departments.  

3. Following alignment changes along Hackney Road the re-construction of the detailed 

carparks will begin. This will include: 

 Preparing the existing site through the removal of vegetation, pavement as 

well as existing kerb and channel; 
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 Prepare base work in accordance with Geotechnical Department 

specifications; 

 Construct new kerb and channel, and any required drainage requirements in 

cooperation with the services department; 

 Lay the new pavement; 

 Install new car park signage and any required pavement markings detailed. 

4. Delineation: 

 Temporary lane separators; 

 Allows for temporary lane markings until all works are completed. 

5. Ongoing signage installation will be undertaken as road sections are progressively 

completed. These new signs are to be covered over, to not cause confusion with 

existing traffic management.  

6. Following completion of busway works and Hackney Road changes, final delineation 

will be completed, including all lane markings.  

7. Re-phasing of signalised intersection will be completed following completion of the 

entire works so as to not interfere with existing traffic management. Botanic/Hackney 

Road is to be undertaken first in co-ordination with relevant stakeholders, followed 

by the Bundeys/Hackney Road intersection.  

8. Tunnel commissioning will involve ensuring that all appropriate signage is installed, 

limiting the O-Bahn speed to 80km/h. In addition, it is recommended that appropriate 

training to DPTI standards be given to O-Bahn drivers, to ensure that they are familiar 

with the emergency aspects of the tunnel. 
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2.7 COSTING 

 

Table 4: Transport Department Costing 

Traffic Management 

Item Description Type Amount Unit 
Rate Per 

Month ($) 
Total ($) 

VMS Board Hire 11 Unit 1500 16,500 

Barriers Hire 100 Unit 120 12,000 

Portable Traffic Lights Hire 2 Unit 2800 5,600 

Arrow Boards Hire 6 Unit 840 5,040 

Traffic Controllers Wages 4 Wages 15000 60,000 

Signs Hire 150 Units 90 13,500 

Barrier Mesh Purchase 500 m 1 500 

SUBTOTAL (1 month)     $113,140 

SUBTOTAL (18 Months)     $2,036,520 
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New Signage and Delineation 

Item Description Type Amount Unit (mm) Rate ($) Total ($) 

No U-turn R2-5C 2 750/750  460 920 

No Overtaking on Bridge R6-2A 2 750/900  490 980 

Give Way R1-2B 7 750/750  460 3,220 

U-turn R2-15B 3 600/800  445 1,335 

Turn Right with Care R2-17 2 600/1000  490 980 

Parking Sign (named) with 

Direction 
G7-12 2 800/850  500 1,000 

Local Traffic Only G9-40-1 3 900/600  450 1,350 

Bicycle Lane R7-1-4B 1 600/800  445 445 

No Entry R2-SA103A 5 600/960  455 2,275 

No pedestrians R6-15 2 450/450  380 760 

Stop Sign R1-1 2 750/750  460 920 

Left Turn Only R2-14 (L) 3 600/800  445 1,335 

Bidirectional Hazard Marker D4-Sa2-S 1 400/600  380 380 

Bus Only Sign R6-SA67 1 300/300  330 330 

Information Sign G1-2 + G5-7 1 

600/200 

and 

1200/900  

980 980 

Speed Limit Sign R4-1B 4 600/600  425 1,700 

Tunnel Warning Light R2-LA10 1 360/360  360 5,000 

Labour Construction 84 Per/Hour 59 4,956 

SUBTOTAL     $28,866 
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Item Description Type Amount Unit Rate ($) Total ($) 

Lane Marking Various 1 Various 47120 47,120 

Symbols Various 1 Various 3052 3,052 

Directional Arrows Various 1 Various 19456 19,456 

Pavement Letters (I.e. 

Busway) 

Various 1 Various 3089 3,089 

Thermoplastic Paint Various 290 Per m 2 580 

Labour Construction 132 Per Hour 59 7,788 

SUBTOTAL 

    

$81,085 

      

Other Construction Costs 

Item Description Type Amount Unit Rate ($) Total ($) 

Kerb & Channel Cast In-Situ 1914 m 70.9 13,5702 

Pedestrian Crossing Cast In-Situ 6 m 70.9 425 

Signal Re-Phasing NA 2 Unit 30000 60,000 

Inductive Loops NA 10 Unit 1250 12,500 

Labour Construction 24 Per Hour 59 1,416 

SUBTOTAL 

    

$210,044 

Allow Preliminaries 

   

10% 2,592,167 

Contingencies 

   

10% 2,851,383 

GST 

   

10% 3,136,521 

Total 

    

$3,136,521 
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3 SERVICES DEPARTMENT 

This section of the report investigates the existing services within the project area and details 

how they are impacted by the widening of Hackney Road as well as the new tunnel alignment. 

The design and relocation solutions that were developed to alleviate the impacts identified 

are also discussed, and a costing is provided to undertake the associated works. The services 

considered in this section include: 

 Mains water supply 

 Stormwater 

 Gas 

 Telecommunications 

 Underground power 

 Overhead power 

 Road lighting 

 Additional tunnel services 

o Lighting 

o Ventilation 

o Emergency services 

All existing services are summarised in Drawings 0001-WS-2017 and 0002-WS-2017 while all 

the relocation solutions are summarised in Drawings 0003-WS-2017 and 0004-WS-2017. 

It should be noted that the stormwater drainage system for the tunnel was also designed. In 

this section however, the design and relocation of sewerage pipes will not be considered. 

Sewerage maps from Dial Before You Dig (DBYD) showed that there are pipes crossing the 

River Torrens, however after a thorough onsite inspection, these pipes were not observed, 

indicating they run below the River Torrens. As a result, it was concluded that the sewerage 

system is located at a depth deep enough to not be impacted by the sheet piles.  
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 MAIN WATER SUPPLY 

 

3.1.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL ALIGNMENT AND 

HACKNEY ROAD WIDENING 

The information on existing conditions was obtained from DBYD and Location SA viewer. This 

information is explained below and summarised in Drawings 0005-WS-2017 and 0006-WS-

2017. 

There are currently three main water supply pipelines belonging to SA Water that run 

underneath (and parallel) to Hackney Road. Along the side of the outbound lane, there is an 

800mm mild steel cement lined in situ (MSCS) pipeline buried at a depth of 1550mm. North 

of Richmond Street this pipeline makes a 450 turn and passes under the heritage listed eastern 

bridge and through the Hackney Road/Bundeys Road intersection. Adjacent to the Hackney 

Road median strip, there is a 426mm cast iron cement lined in situ (CICS) water main pipe 

that also runs in a North-South direction in the inbound lane. This pipeline is buried at a depth 

of 1176mm, begins outside the Goodman building and terminates at Richmond Street. There 

is also a 122mm cast iron (CI) pipeline under the footpath adjacent to the inbound traffic lane 

which is buried at a depth of 872mm. This pipeline begins at North Terrace and terminates at 

Richmond Street.  

North of Hackney Road and after the Bundeys Road/Hackney Road intersection, the 800mm 

pipeline continues along Park Road and finally crosses into Park 8 where the culturally 

significant olive trees are located. Connected to this pipe is another 122mm CI pipeline that 

runs along Park Terrace. There is also a redundant 426mm pipeline the crosses Park 9.  

Connected to all these pipes are fire hydrants. Please refer to Drawings 0005-WS-2017 and 

0006-WS-2017 for their locations. Note that there was no available data on the existing invert 

levels of the water mains pipes and so a worst case scenario was taken where the pipelines 

were assumed to be buried at a minimum cover depth of 750mm. The contractor is to 

determine the exact invert levels in accordance with SA Water requirements. 

The 800mm pipe underneath Hackney Road is not deep enough to avoid the tunnel as the 

tunnel comes back to grade south of the Bundeys Road/Hackney Road intersection indicating 

the need to be relocated. The redundant 426mm pipeline that crosses into Park 9 is also not 
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deep enough to avoid the new tunnel alignment and because of this it will need to be 

removed. Further to this, new pavement will be designed for the median strip to support the 

loads from the new buses as they travel through Hackney Road. Since this new pavement will 

be constructed over the existing 426mm pipe, the pipe will need to be relocated as it will be 

affected when the pavement is compacted. If the 426mm pipeline is left in its existing 

location, it will also interfere with the tunnel as the tunnel comes back to grade. Drawings 

0007-WS-2017 and 0008-WS-2017 show these impacts to scale with the tunnel alignment 

superimposed onto the mains water network. 

3.1.2 DESIGN CONSIDERATIONS 

The relocation of water mains pipes in the project area was in accordance with the Water 

Services Association of Australia’s WSA 03-2002 Water Supply Code of Australia. Based on 

this code, the minimum pipe diameter had to be 100mm because the pipelines in the project 

area run through urban/residential areas. The code also suggests a minimum cover 

requirement of 750mm and a maximum cover of 1200mm due to issues pertaining to 

maintenance and safety requirements. In addition to this, there were minimum vertical and 

horizontal clearance distances between the new and existing mains water pipes and other 

underground services that need considering when the solution for relocating the water main 

pipes were developed. These are detailed in Table 5.  
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Table 5: Clearances Between Water Mains and Underground Services Adapted from the 2002 WSA Code 

Utility 

(Existing Service) 

Minimum Horizontal Clearance (mm) Minimum Vertical 

Clearance (mm) 
New Main Size 

≤DN 200 >DN 200 

Water mains 

>DN 375 

600 600 500 

Water mains 

≤DN 375 

300 600 150 

Gas Mains 300 600 150 

Telecommunication 

Conduits and Cables 

300 600 150 

Electricity Conduits and 

Cables 

500 1000 225 

Drains 300 600 150 

Sewers 1000/600 1000/600 500 

Kerbs 150 600 150 (where possible) 

  

In regards, to the water within the pipe, based on WSA code requirements, the minimum flow 

rate within the water pipes is required to be 0.45L/s whilst the velocity in the distribution 

system is to be at least 0.5m/s. Secondly, the minimum and maximum operating pressures at 

the meter had to be taken as 17m and 90m respectively to ensure the drinking water would 

arrive to homes with an adequate amount of pressure. Finally, it was important that the head 

loss within the pipes did not exceed 6.5m/km. 

Trench widths for installing water mains needed to be accounted for in the solution as well, 

as the widths could have affected the minimum clearance distances of other services in the 

project area, particularly those clustered around the Hackney Road/Bundeys Road 

intersection. Based on the WSA code, the recommended trench widths that were considered 

are shown in  

Table 6. 
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Table 6: Recommended Trench Widths 

OD (mm) Recommended Trench Width (mm) 

100 500 

150  600 

225  700 

300 750 

375 1,050 

450 1,150 

525 1,200 

600 1,350 

675 1,450 

750 1,500 

900 1,900 

 

Due consideration was also given to the following WSA code requirements: 

 Relocating the water supply pipes above the sewerage system to ensure no waste 

water would leak into the clean water. However, since the sewerage system was 

found to be well below the water supply network, this did not prove to be a major 

issue; 

 Placing 600mm diameter clear access facility openings at a maximum spacing of 1km 

for mains having a diameter greater than 750mm; 

 Connecting fire hydrants to the water supply system to aid firefighting operations. Fire 

hydrants could not be spaced any further than 150mm and a design demand of 20L/s 

must be used;  

 Ensuring that the property connection pipes were at least 50mm.  

During construction, stop valves need to be located in the correct positions to ensure there is 

minimal disruption to the existing residents water supply. According to Cl 6.1.3 of WSA 2002, 

when selecting stop valves, consideration shall be given to: 

 Life cycle cost; 

 Head loss characteristic; 
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 Expected range of operating pressures and maximum operating temperature; 

 Availability 

 Optimising the number and location of valves. 

3.1.3 SOLUTION 

3.1.3.1 RELOCATING THE 800MM PIPE 

A new pipe alignment was first developed for the affected 800mm pipe to ensure its new 

location did not interfere with the tunnel alignment. The solution was to relocate it around 

the western side of the new tunnel outside the sheet piles, and connect the pipeline back to 

the existing system under Park 8. To cross the River Torrens, a services bridge had to be 

constructed across the River Torrens to safely extend the pipeline over that area. The new 

location of this proposed pipeline can be seen in Drawing 0009-WS-2017. This solution posed 

water supply issues as the residents on the eastern side of Park Terrace would not be able to 

receive water unless the new network extended across the tunnel. Getting the water from 

the western side of the tunnel to the eastern side of the tunnel without permanently affecting 

how much water flow the residents currently receive formed the next phase of the solution. 

To complete this next phase, the current situation was first modelled in EPANET using the 

inputs in Appendix B. This helped understand the flow and pressure characteristics of the 

existing network. The results of the EPANET model are shown in Figure 15 and Figure 16. As 

can be seen, collectively, the residents on the eastern side of the tunnel are currently 

receiving 11.76L/s of water while the pressure within the junctions is approximately 83m.  
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Figure 15: Flow Within Mains Water Pipes (Existing 800mm Pipe System) 

 

Figure 16: Pressure at the Junctions of the Mains Water Pipes (Existing 800mm Pipe System) 

After establishing this information, the new pipe alignment was input into EPANET and 

various junction properties and pipe details were changed to achieve the desired outcome. 

The desired outcome was to firstly meet all design considerations in Section 3.1.2 and 

secondly, to ensure the new network system could supply a similar amount of water to the 

residents. The results from the iterative process used to achieve the desired outcomes are 

2.86 + 8.9 = 11.76L/s 
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shown in Figure 17 and Figure 18. As can be seen, the existing residents on the eastern side 

of the tunnel will receive 11.75L/s compared to the 11.76L/s currently transported if two 

150mm PVC pipelines of length 57m and 91m are used to span across the tunnel at the 

positions shown in Drawing 0009-WS-2017. As these results are very similar to the existing 

scenario, the new alignment is adequate. Also similar to the existing system, the pressure at 

the junctions was found to be approximately 83m when these two new pipelines were added. 

The fact that this pressure is also similar to the existing system and below the maximum 

pressure of 90m stated in the WSA code and Section 3.1.2, further demonstrates that the 

relocation is suitable. 

 

Figure 17: Flow Within Mains Water Pipes (New 800mm Pipe System) 

3.74 + 8.01 = 11.75L/s 
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Figure 18: Pressure at the Junctions of the Mains Water Pipes (New 800mm Pipe System) 

With the relocation process requiring new pipes to be installed, fire hydrants will also need 

to be installed along the new alignment to aid in firefighting operations. These were included 

in the design at the maximum spacing of 150mm as specified in Table 6.4 of the 2002 WSA 

code. The location of the hydrants are shown on Drawing 0009-WS-2017. There is also a 

requirement to place access facilities in mains water pipes that have a diameter greater than 

750mm, although because the length of the new alignment is 734m (not greater than 1km), 

this requirement was not needed. Nonetheless, the services bridge will be used as an access 

facility for maintenance purposes. 

Regarding the two pipelines spanning over the tunnel, as there is only 750mm cover above 

the tunnel, these 150mm diameter pipes can only be buried at a depth of 600mm meaning 

the minimum cover requirement will not be met. For this reason, a 150mm thick concrete 

slab will need to be placed over the pipes to ensure they do not get damaged.  

The solution to relocate the 800mm pipe in the manner described above was the best option 

for numerous reasons. Firstly, the water in the pipe had to be transported from the western 

side of the tunnel to the eastern side of the tunnel, but to do this, the pipe could not be 

relocated under the tunnel as it would be difficult to build and its location would not be 

suitable for maintenance purposes. Secondly, the pipeline also could not cross over the tunnel 

as the minimum cover requirements would be largely compromised. Also, constructing a 

91mm pipe 57mm pipe 
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bridge was the best method of extending the network over the River Torrens. It was 

unfeasible to extend the network under the River Torrens or under the tunnel due to issues 

pertaining to constructability, maintenance and cost. Therefore, the best option was to 

relocate the pipe around the sheet piles and then cross the tunnel with the aid of two smaller 

150mm diameter pipelines. 

3.1.3.2 RELOCATING THE 426MM PIPE 

Following the same design procedure as for the 800mm pipe, the existing and new position 

of the 426mm pipeline was modelled. For this pipeline, the solution was to relocate the entire 

pipeline 9m east of its existing location to ensure it remains unaffected by the construction 

of the new pavement and tunnel. By relocating the pipeline 9m east of its existing location, 

we were still able to maintain all minimum clearance distances given in Table 5. Please refer 

to Drawing 0010-WS-2017 for the new location of the 426mm pipeline network. As shown in 

Figure 19 and Figure 20, relocating the pipeline 9m east results in water flowing to the 

residents on the eastern side of Hackney Road at a rate of 32.3L/s opposed to the rate of 

30.3L/s from the existing alignment. This relocation also results in an average increase in 

pressure from 69m to 74m as shown in Figure 21 and Figure 22. Despite this, the pressure still 

falls within the acceptable guideline of 90m and the velocity in the pipes are greater than the 

minimum requirement of 0.5m/s as stated in the WSA code, meaning the new system is still 

appropriate and the existing residents on the eastern side of Hackney Road will not be 

adversely affected after the pipeline is relocated.  

From the existing conditions in Drawing 0005-WS-2017 and 0006-WS-2017, it is evident that 

there are no fire hydrants connected to the existing 426mm pipe, however fire hydrants will 

be installed at the maximum spacing of 150m on the new pipe alignment as shown in 

Drawings 0009-WS-2017 and 0010-WS-2017. This will be necessary for firefighting 

operations. 
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Figure 19: Flow Within Mains Water Pipes (Existing 426mm Pipe System) 

 

 

 

 

Figure 20: Flow Within Mains Water Pipes (New 426mm Pipe System) 

 

 

Sum of all flows = 30.3L/s 

Sum of all flows = 32.3L/s 
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Figure 21: Pressure at the Junctions of the Mains Water Pipes (Existing 426mm Pipe System) 

 

 

 

Figure 22: Pressure at the Junctions of the Mains Water Pipes (New 426mm Pipe System) 

 

 

 

Average pressure = 69m 

Average pressure = 74m 
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3.1.4 IMPACTS 

Relocating both the 800mm and 426mm pipes will impact on the existing water supply 

network as the flow and pressure in all areas of the network will change. However, based on 

the results of the modelling process, all flow rates, velocities and pressures at the junctions 

will still be within the guidelines specified in Section 3.1.2. The relocation procedure will also 

result in portions of the existing 800mm pipe under Hackney Road, and a number of water 

hydrants being made redundant. During construction, there will be some impacts associated 

with the solution and these are listed below: 

 Homes will be left without water, but only for a short period (see Section 3.1.5); 

 The oval in Park 9 will be damaged due to the removal of the redundant pipe and the 

new location of the 800mm pipe; 

 Numerous trees will be removed; 

 Speed limits will be reduced when relocating the 426mm pipe. 

Similar to the impacts for the gas pipe, relocating these pipes will affect when the tunnel can 

be constructed as well. For example, the tunnel cannot be constructed until the redundant 

426mm pipeline is removed, otherwise the sheet piles and the pipe will become damaged. 

Also, sheet piling cannot be completed along the entire tunnel alignment until after the 

800mm pipe is relocated. This is because if the tunnel was being constructed at the same time 

as the pipe relocation, there would be congestion on the worksite making the conditions 

unsafe. For the same reason, it would be best to relocate the power lines discussed in Section 

3.6 to the eastern side of Hackney Road after the 426mm pipe has been installed as this will 

reduce the likelihood of the power lines being affected during construction. In addition, it will 

not be possible to construct the new pavement for the median strip until after this pipe is 

relocated.  

 

*Note that before compacting the new pavement for the median strip, shoring boxes shall be 

placed on the eastern side of the existing 800mm pipe to ensure it is not affected from the 

compaction process. 
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3.1.5 CONSTRUCTION METHODOLOGY 

3.1.5.1 RELOCATING THE 800MM PIPELINE 

The works associated with relocating the 800mm pipeline have been split up into 8 main 

stages. These stages include: 

 Stage 1: Removing the redundant 426mm water pipe that crosses Park 9; 

 Stage 2: Trenching along the new pipe alignment and laying and installing new 800mm 

pipes; 

 Stage 3: Placing the slab deck for the tunnel ceiling in place; 

 Stage 4: Installing the new pipes over the tunnel; 

 Stage 5: Testing the new pipes; 

 Stage 6: Installing a stop valve at the junction where the new and existing alignment 

meet; 

 Stage 7: Reconnecting the new system with the existing system;  

 Stage 8: Removing existing 800mm pipes that cross the tunnel alignment. 

Stage 1: Removing the redundant 426mm water pipe that crosses Park 9 

Duration of removal: 1 week 

Time of removal: Before beginning the main tunnel construction 

The 426mm pipeline will be removed prior to constructing the tunnel. This will ensure there 

are no mains water pipes in the way of the tunnel alignment, allowing other preliminary works 

associated with the tunnel construction to be completed as soon as possible. 

Stage 2: Trenching along the new pipe alignment and laying and installing new 800mm pipes 

Duration of trenching and pipe installation: 5 weeks 

Time of trenching and pipe installation: Before installing the sheet piling, at the same time 

that the services bridge is constructed and after the pilot cables have been removed 

Due to the space available along the new pipe alignment, trenching will be used to relocate 

the 800mm mains water pipe. As the trenches are being excavated, the new 800mm pipes 

can be laid and installed into these trenches with the aid of an excavator to ensure the project 

is always progressing. The pipe will be laid in the trenches at the design level specified in 
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Drawing 0012-WS-2017 while fire hydrants will be installed in the positions shown in Drawing 

0009-WS-2017. Installing the new 800mm pipe along the alignment should be completed 

prior to sheet piling to ensure there is minimal congestion when the sheet piles are being 

installed as this will improve the safety aspect of the project. In addition, when installing the 

new pipe together with the services bridge, expansion joints should be fitted to allow the pipe 

sections to move independently of each other. Once the services bridge has been built, the 

pilot cables (see Section 3.4) can be installed along the bridge. 

Stage 3: Placing the slab deck for the tunnel ceiling in place 

Duration of placement: 1 day 

Time of placement: After all pipes in stage 2 have been installed and after the sheet piles have 

been installed 

Once the sheet piles are installed, the tunnel ceiling will be put in place to allow stage 4 to 

commence. 

Stage 4: Installing the new pipes over the tunnel 

Duration of installation: 2 weeks 

Time of installation: After the slab deck for the tunnel ceiling has been placed 

The two new 150mm pipes will be connected to the new 800mm pipe and installed over the 

tunnel, ready to be connected to the existing system as detailed in stage 7. 

Stage 5: Testing the new pipes 

Duration of testing: 5 days 

Time of testing: After all new pipes have been installed 

All new pipes should be tested for defects in accordance to the SA Water technical standards. 

Once the system is tested, the trenches can be back filled with clean sand and compacted as 

specified in Cl 5.5 of the WSA 03 code – 2002 and as shown in SA Water’s water supply 

construction manual. 

Stage 6: Installing a stop valve at the junction where the new and existing alignment meet 

Duration of Installation: Half a day  

Time of installation: After the new pipes have been tested 
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As shown in Drawing 0009-WS-2017 a stop valve can be installed at the junction where the 

existing and new alignments meet to the specifications detailed in the Clause 6.2 of WSA 03 

– 2002. As the water in the 800mm pipe is assumed to flow from South of Hackney Road to 

North of Hackney Road, placing a stop valve in this location will temporarily stop the water 

flow within the existing 800mm pipe network. Consequently, the stop valve should be 

installed during the night time to avoid peak water usage as this will result in minimal 

disruption to the residents’ water supply. The down time is expected to be only half a night, 

however existing residents will still be notified in writing well in advance of any disruptions 

which may occur to their water supply system so they can prepare for the outage.  

Stage 7: Reconnecting the new system with the existing system 

Duration of reconnection: Half a day 

Time of reconnection: Immediately after the stop valve has been installed 

Immediately after the stop valve has been installed, the 800mm pipe can be reconnected to 

the existing system south of the Hackney Road/Bundeys road intersection and under Park 8, 

while the two new pipelines over the tunnel can be reconnected to the existing system along 

Park Terrace. Once these reconnections are made, the stop valve can be removed and the 

flow will be diverted through the new system.  

Stage 8: Removing existing 800mm pipes that cross the tunnel alignment 

Duration of removal: 1 week 

Time of removal: After the new pipes have been connected with the existing system and 

before the tunnel is constructed 

Once the new pipes have been connected to the existing system, any 800mm pipes that cross 

the tunnel alignment shall be removed to ensure they do not interfere with the construction 

of the tunnel. The pipes that will be removed are shown on Drawing 0007-WS-2017. 
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3.1.5.2 RELOCATING THE 426MM PIPELINE 

In regards to the 426mm pipeline, a similar construction methodology should be followed. 

The process to relocate this pipeline is discussed below. 

 Stage 1: Trenching along the new pipe alignment and laying and installing new 426mm 

pipes 

 Stage 2: Testing the new pipes 

 Stage 3: Turning off the mains water supply 

 Stage 4: Reconnecting the new system with the existing system  

 Stage 5: Removing redundant pipes under the Hackney Road median 

Stage 1: Trenching along the new pipe alignment and laying and installing new 426mm pipes 

Duration of trenching and pipe installation: 3 weeks 

Time of trenching and pipe installation: Before installing sheet piles and before relocating the 

power lines  

Trenching will be used to relocate this 426mm pipeline. As the trenches are being excavated, 

the new 426mm pipes can be laid and installed into these trenches. The pipe will be laid in 

the trenches at the design level specified in Drawing 0011-WS-2017 and along the alignment 

shown in Drawing 0009-WS-2017 and 0010-WS-2017. During the pipe installation, fire 

hydrants will also be installed at the locations shown in these Drawings. Installing the pipe 

before relocating the power lines will ensure the power lines in their new positions are not 

impacted during the pipe realignment. 

Stage 2: Testing the new pipes 

Duration of testing: 3 days 

Time of testing: After all new pipes have been installed 

All new pipes should be tested for defects in accordance to the SA Water technical standards. 

Once the system is tested, the trenches can be back filled with clean sand and compacted as 

specified in Cl 5.5 of the WSA 03 code – 2002 and as shown in SA Water’s water supply 

construction manual. 
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Stage 3: Turning off the mains water supply 

Duration of Installation: Half a day  

Time of installation: After the new pipes have been tested 

Due to the nature in which the pipes are connected to the existing 426mm pipe, a stop valve 

cannot be installed in this instance. Therefore, the mains water will need to be turned off to 

allow the connections in stage 4 to commence. The water will be turned off during the night 

time to avoid peak water usage as this will result in minimal disruption to the residents’ water 

supply. The down time is expected to be only half a night, however existing residents will still 

be notified in writing well in advance of any disruptions which may occur to their water supply 

system so they can prepare for the outage. 

Stage 4: Reconnecting the new system with the existing system 

Duration of reconnection: Half a day 

Time of reconnection: Immediately after the mains water system has been turned off 

Immediately after the mains water system has been turned off, the new 426mm pipe can be 

reconnected to the existing system and the existing 122mm pipe should be sealed where it 

meets the existing 426mm pipe to ensure there is no water leakage when the 426mm pipe is 

removed in stage 5. 

Stage 5: Removing redundant pipes under the Hackney Road median 

Duration of removal: 2 weeks 

Time of removal: After connecting the new system to the existing system 

After the connections in stage 4 are made, the existing 426mm pipe under the Hackney Road 

median shall be removed. 
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3.1.6 COSTING 

Table 7: Costing Associated with Relocating the 800mm Pipe 

Relocating the 800mm pipe 

Item Description Type Amount Unit Rate ($) Total ($) 

Removing redundant 426mm pipe Labour 5 days 216 1,080 

800mm MSCS pipe Supply 734 m 625 458,750 

Fire hydrant Supply  6 No. 1,416 8,496 

Trenching and installing the 800mm pipes and 

fire hydrants 
Labour 25 days 216 5,400 

Expansion joints Supply 2 No. 775 1,550 

150mm PVC pipe Supply  148 m 80 11,840 

Trenching and Installing the 150mm pipes Labour 10 days 216 2,160 

Pouring the 150mm thick slab Labour 2 hrs 30 60 

Stop Valve Supply 1 No. 479 479 

Reconnecting to the existing system Labour 5 hrs 30 150 

Removing old 800mm pipe Labour 5 days 216 1,080 

Backfill and compaction Labour 2 days 450 900 

Item Total  491,945 

SUBTOTAL $491,945 

Allow Preliminaries    10% 541,140 

Contingencies    10% 595,254 

GST    10% 654,779 

TOTAL $654,779 
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Table 8: Costing Associated with Relocating the 426mm Pipe Water 

Relocating the 426mm pipe 

Item Description Type Amount Unit Rate ($) Total ($) 

426mm CICS pipe Supply 815 m 398 324,370 

Fire hydrant Supply  4 No. 1,416 5,664 

Trenching and installing the 426mm 

pipes and fire hydrants 
Labour 15 days 216 3,240 

Reconnecting to the existing system Labour 5 hrs 30 150 

Sealing the existing 122mm pipe Labour 1 No. 270 270 

Removing old 426mm pipe Labour 10 days 216 2,160 

Backfill and compaction Labour 2 days 450 900 

Item Total  336,754 

SUBTOTAL $336,754 

Allow Preliminaries    10% 370,429 

Contingencies    10% 407,472 

GST    10% 448,220 

TOTAL $448,220 
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 STORMWATER RELOCATION 

3.2.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL ALIGNMENT AND 

HACKNEY ROAD WIDENING 

All of the stormwater system along the construction site belongs to the management of both 

City of Norwood Payneham & St Peters and Town of Walkerville, therefore the proposed plan 

of relocation has to be appoved by them beforehand.  

The existing stormwater system can be accessed via Location SA MapViewer to get the 

locations of all pipes and pits at the construction site. Also, the proposed new tunnel 

alignment is superimposed onto this system to indicate what parts of the stormwater system 

are affected and need to be removed or relocated. Please refer to Drawings 0013-WS-2017 

and 0014-WS-2017 for the existing stormwater system along the tunnel alignment and along 

the western side of Hackney Road. 

As it can be seen, there is a major pipe system running parallel to the tunnel alignment on the 

western side from the O-Bahn exit to the River Torrens. The minimum distance of this pipeline 

to the western side of the tunnel is 6m. Therefore, this pipeline will not be affected. Also, 

considered the existing system from the River Torrens to the Oxford Street where the tunnel 

is back to grade, there are two paralleled pipe systems running along two sides of the Hackney 

Road. Because the stormwater in these pipes will be discharged into the river, it can be 

assumed that they were installed at the great depth from the surface. Therefore, they would 

not be impacted by the tunnel excavation. However, due to the road widening along the 

western side of Hackney Road from Plane Tree Drive to Botanic Street, the existing 

stormwater system there is required to be relocated. 

The affected pipes and pits can be divided into four groups for consideration which are 

located on the western side of Mann Road, Park Road and Hackney Road: 

 Group 1 includes one pit and three pipes connected together, and these are located 

at the Mann Road/Park Road intersection. The diameters of these pipes range from 

300mm to 370mm and they need to be relocated; 
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 Group 2 includes one pit and two pipes located at the Bundeys Road/Park Road 

intersection to collect water from the road surface. These pits and pipes will need to 

be relocated; 

 Group 3 includes one pit and two pipes along Park Road and these will also need to be 

relocated; 

 Group 4 includes all of the pits and pipes along the western side of Hackney Road from 

Plane Tree Drive to Botanic Street that need to be removed. The diameter of these 

pipes are 675mm. 

 

Figure 23: Impacted Stormwater System Due to the Tunnel Alignment 

 

Figure 24: Impacted Stormwater System Due to Road Widening 
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3.2.2 DESIGN CONSIDERATIONS 

The relocation of all stormwater pits and pipes will adhere to the following standards and 

guidelines: 

 Australian Standard AS/NZS 3500.3:2015: Plumbing and drainage - Part 3: Stormwater 

Drainage; 

 Austroads Guide to Road Design - Part 5: Drainage Design; 

 Roadworks Stormwater Design, DPTI, Government of South Australia; 

 AS 3500.3 - 1990 National Plumbing and Drainage Code. Part 3 - Stormwater 

Drainage; 

 AS/NZS 3725:2007 Design for Installation of Buried Concrete Pipes; 

 AS 1597.1 - 2010 Precast Reinforced Concrete Box Culverts - Small Culverts (up to 

1200 x 1200 RCBC). 

The subsequent sections will discuss additional design considerations that will aid in 

effectively relocating the affected stormwater drainage system. 

3.2.2.1 DIMENSIONAL CLEARANCE REQUIREMENTS  

The clearance requirement for stormwater drains and other services are mentioned in Section 

3.6, AS 3500.3 - 1990 National Plumbing and Drainage Code. According this code, electrical 

cables and gas pipes should not be installed within 600mm of either side of a stormwater 

drain. Also, for buildings adjacent to stormwater assets, the clearance requirement is 1 meter 

from the outside edges of the asset to the nearby building.  
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Figure 25: Clearance Requirement for Adjacent Buildings 

For maintenance purposes, the Department of Planning Transport and Infrastructure (DPTI) 

require a maximum pit spacing of 100m in general or 200m for outlet pipes that have a diameter 

of greater than 1800mm. 

3.2.2.2 MINIMUM PIPE COVER/GRADE/DIAMETER 

According to Roadworks Stormwater Design Guide – DPTI, concrete stormwater pipes require 

a minimum cover of 600mm to the road surface. In case the cover for the pipes under the 

road surfaces is not sufficient, box culverts should be used. In addition, because the water in 

stormwater systems flow with gravity, the minimum grade for stormwater pipes is 0.5% while 

the minimum diameter for pipes under the roads (kerb) or in urban areas is 375mm. 

3.2.2.3 PITS & JUNCTION BOXES 

All of the relocated pits are on the road which are kerb pits and the design has to follow 

Section 5.0 Part 5A Kerbed Drainage of DPTI. According to this code, the following is true:  

 Kerb openings usually have a minimum width of 300mm and they are spaced evenly 

along the kerb; 

 The required minimum longitudinal kerb gradient is 0.3%; 
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 All of the relocated kerb inlet pits have to keep a minimum of 150mm freeboard 

between the design water levels and the gutter; 

 The difference in levels between all inlet pipes and outlet pipes from a junction box 

has to be 20mm as minimum; 

 The maximum spacing between two pits is 100m; 

 The required size for urban area by DPTI is 375 x 225mm RCBC. 

 

 

 

Figure 26: Standard Kerb & Gutter Design by DPTI 

 

Figure 27: Kerb & Gutter Design for Location Adjacent to Parklands by DPTI 
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3.2.2.4 FLOW DIRECTION 

All of the stormwater in the project area is discharged into the River Torrens, therefore, the 

proposed relocation plan has to maintain the original flow of the water from the road and 

land into the river. To obtain that, the new pipes must be properly connected to stormwater 

pits with the suitable grade for gravity flow. The flow velocity in the pipes must not exceed 

0.4 m/s. 

3.2.3 SOLUTION 

The new proposed location of the affected stormwater pipes and pits is shown in Drawings 

0017-WS-2017 and 0018-WS-2017. Also, the pipe diameters and long sections of pits and 

pipes are displayed in Drawings 0019-WS-2017 and 0020-WS-2017 for stormwater relocation 

on Hackney Road and Park Road respectively. For Group 1, another pit will be installed on the 

opposite side of the road with an additional two new pipes to connect the pits together. They 

are also connected with the pit in Group 2 by a new pipe. For Group 3, two pipes and one 

node would be reversed over on the other side of the road and then connected to the 

stormwater. The new relocated stormwater system forms a long, connected pipes system to 

collect the stormwater to the River Torrens. It is assumed that all the flow and flow directions 

in the pipes are gravity flows whose grades are maintained the same as before and all of the 

water is carried into the river watercourse. However, the diameter of the new pipes will not 

remain the same as before and so are the pits and junction boxes. For the 3 new short pipes 

on the road, the diameters are kept as 375mm. For the 3 new long pipes, the diameters are 

increased to 450mm. For the ones affected by the road widening, they will be relocated 8.5m 

further to the western side into the car park.  

Some initial proposals for stormwater relocation have been made before but this is 

considered as the best solution because all of the work will be done on and along the road 

only, no property interruption and the new system does not affect or change the existing 

stormwater system on the eastern side. Therefore, the entire stormwater system will not 

have to be redesigned, resulting in significant cost savings.      
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Figure 28: Stormwater Relocation on Park Road 

 

Table 9: Properties of New Relocated Stormwater Drainage Pipes on Park Road 

Chainage Invert level at 

upstream 

Length(m) Invert Level at 

downstream 

Slope Pipe 

Diameter 

(m) 

Pit 1-Pit 2 33.425 15.63 33.225 1.28 0.375 

Pit 2-Pit 3 33.225 17.76 32.825 2.25 0.375 

Pit 3-Pit 4 32.825 50.25 31.525 2.59 0.375 

Pit 4-Pit 5 31.525 84.67 31.025 0.59 0.375 

Pit 5a-Pit 5 31.3 5 30.75 1.00 0.150 

Pit 5-Pit 6 30.95 9.68 30.75 2.07 0.450 

Pit 6- River 30.75 25.17 30.45 1.19 0.450 
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Table 10: Surface Level of New Relocated Pits on Park Road 

Pit Surface Level(m) 

Pit 1 34.4 

Pit 2 34.2 

Pit 3 33.8 

Pit 4 32.5 

Pit 5a 32.05 

Pit 5 32 

Pit 6 31.8 

River 31.5 

 

 

Figure 29:  Stormwater Relocation on Hackney Road 
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Table 11: Properties of New Relocated Stormwater Drainage Pipes on Hackney Road 

Chainage Invert level at 

upstream 

Length(m) Invert Level at 

downstream 

Slope Pipe 

Diameter 

(m) 

Pit 1-Pit 3 30.9 36.21 30.6 0.83 0.3 

Pit 2-Pit 3 30.3 25.63 30.1 0.78 0.6 

Pit 3a-Pit 3 30.58 4.5 30.55 0.67 0.15 

Pit 3-Pit 4 30.025 341.65 28.225 0.53 0.675 

Pit 4a-Pit 4 28.78 4.5 28.75 0.67 015 

Pit 4-Pit 5 28.075 48.54 27.775 0.62 0.825 

Pit 5a-Pit 5 28.48 4.5 28.45 0.67 0.15 

Pit 5-Pit 6 27.775 27 27.575 0.74 0.825 

 

Table 12: Surface Level of New Relocated Pits on Hackney Road 

Pit Surface Level(m) 

Pit 1 31.8 

Pit 2 31.5 

Pit 3 31.3 

Pit 3a 31.33 

Pit 4 29.5 

Pit 4a 29.53 

Pit 5 29.2 

Pit 5a 29.23 

Pit 6 29 

3.2.4 IMPACTS 

The impact associated with this solution is that the whole long section road from the Mann 

Road/Park Rd intersection to the River Torrens and western side of Hackney Road from Plane 

Tree Drive to Botanic Street will be directly affected because all of the stormwater system 

relocation will occur here. Traffic would be congested heavily due to the road restriction on 

one side for road work. In addition, the entire car park on the western side of Hackney Road 

will be affected during the relocation works because some parking areas will close 

temporarily. However, this solution has no impact on residential properties.  
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3.2.5 CONSTRUCTION METHODOLOGY 

The proposed design plan has to be approved by councils of City of Norwood Payneham & St 

Peters and Town of Walkerville in advance. All of the works on stormwater services will be 

carried out under AS/NZS 3500.3:2015, Austroads Guide to Road Design - Drainage Design 

and Roadworks Stormwater Design. The relocation of stormwater system has to be finished 

before the construction of tunnel and road widening. The action plan can be divided into 6 

stages as following: 

 Stage 1: Trenching and excavation for pits; 

 Stage 2: Disconnecting and removing all of redundant pipes and pits; 

 Stage 3: Installing and connecting new pits and pipes;  

 Stage 4: Backfilling and compaction; 

 Stage 5: Installing kerb inlet system; 

 Stage 6: Reinstating footpaths and driveways.   

NOTE: There is no available data on existing stormwater invert levels and grades. This shall 

be provided by contractors before conducting the relocation work. 

Stage 1: Trenching and excavation for pits  

Duration of trenching and excavation: 3 days 

Time of trenching and excavation: Any time prior to the construction of tunnel and road 

widening 

Please refer to Drawings 0017-WS-2017 and 0018-WS-2017 for locations of new pipes and 

pits. The trenching and excavation for new stormwater system can be done at the same time 

for the northern and southern sides of the River Torrens. The trenching for pipe installation 

will happen on Park Road and the western side of the car park on Hackney Road. All trenching 

processes will have to follow the guidance for trenching as in Figure 30. According to this 

figure, the size of trenching will depend on the size of the drainage pipe.  
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Figure 30: Trenching Guideline for Pipes 

For the pits installation, the site has to be excavated first. The foundation for the stormwater 

has to be prepared as stable, well-compacted to avoid future settlement. Any soft or loose 

materials at the bedding will be replaced with coarse single-size aggregates to increase the 

bearing capacity of the soil and the soil would be compacted at the thickness of at least 80mm.  

Stage 2: Disconnecting and removing all of pipes and pits 

Duration: 2 days 

Time of construction: After trenching and excavation 

To disconnect the pipes and pits, the connection between the pipe and pits must be cut, and 

concrete will then need to be used to seal the holes. This stage should be conducted in dry 

weather conditions when there is no rain or humidity. The pits will be installed in their new 

locations with the aid of lift clutches. For the pipes, the pipes affected by the tunnel alignment 

will be replaced with new pipes that have new diameters as specified in Drawings 0019-WS-

2017 and 0020-WS-2017. Whereas, the pipes affected by road widening will be kept and 

moved further west.      

Stage 3: Installing and connecting new pipes and pits 

Duration: 4 days 

Time of construction: after stage 2 
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With the aid of cranes, pipes will be installed in trenches at the design grades to maintain 

gravity flow. For the Hackney Road, the longitudinal pipes will be connected together by joints 

or sockets. 

After the pipes are installed, pits will be lifted into design positions so that the clearance 

underneath the pipe is large enough for the sealant application. The downstream and 

upstream invert levels should then be checked with the design. To connect the pipe to the 

pits, highlight the size and location of the pipe on the pit walls, then break the pit wall slowly. 

After that, the pipe will be placed into the penetration and cut to be flush with the internal 

wall of the pits. The pit wall is then sealed with a site-approved cement mix. 

Stage 4: Backfilling and Compaction 

Duration of backfilling and compaction: 1 day 

Time of construction: After all pits and pipes are installed 

The backfill materials will be taken from the excavation materials otherwise cement stabilized 

sand will be used. Backfill material must be uniformly compacted to prevent the displacement 

of the components and joints. 

Stage 5: Installing kerb inlet system  

Duration of installation: 1 days 

Time of installation: After pits and pipes are backfilled 

The kerb inlet system will be placed directly on the pits whose location is on the road. The 

size of the kerb inlets are in accordance to DPTI guideline mentioned in Section 3.2.2.3 with 

the standard kerb and the ones which are located adjacent to the parklands. 

Stage 6: Restoring road services   

Duration of installation: 3 days 

Time of installation: After stage 5 

Guide: Pavement Reinstatement Configuration, DPTI, Government of South Australia  

All of the footpaths, road surfaces and car parks will be restored as per their original 

conditions. Restoration works will comply with government and council requirements.  
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3.2.6 COSTING 

Table 13: Total Costing for Stormwater Relocation 

Stormwater Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching for 375mm pipes Equipment & Labour 71.96 m3 67.30 4,843 

Trenching for 450 mm pipes Equipment & Labour 66.03 m3 67.30 4,443 

Trenching for 675 mm pipes Equipment & Labour 373.4 m3 67.30 25,129 

Trenching for 825mm pipes Equipment & Labour 186.7 m3 67.30 12,564 

Excavation for pits Equipment & Labour 6.32 m3 82 518 

ROCLA RRJ Class 4 concrete pipe 375mm Supply 111 m 155 17,205 

ROCLA RRJ Class 4 concrete pipe 450mm Supply 82 m 215 17,630 

Kerb inlet 600x225mm high Supply 4 m 38.8 155 

Pipes jointed Equipment & Labour 4 No. 35 140 

Install pipe to pits Equipment & Labour 24 No. 250 6,000 

Install kerb to pits Equipment & Labour 4 No. 135 540 

Disconnection between pipe and pit Equipment & Labour 26 No. 350 9,100 

Backfill with clean sand Equipment & Labour 704.41 m3 64 45,082 

Compaction Equipment & Labour 586.75 m2 2.5 1,466 

Restoration road surface Equipment & Labour 21 hr 300 6,300 

Item Total     $201,099 

SUBTOTAL $201,099 

Allow Preliminaries    10% 221,209 

Contingencies    10% 243,330 

GST    10% 267,663 

TOTAL $ 267,663 
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 GAS 

3.3.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL 

ALIGNMENT AND HACKNEY ROAD WIDENING 

The feasibility study identified that APA Group has critical gas assets in the vicinity of the 

project area. The existing gas pipeline at the intersection of Bundeys Road and Hackney Road 

was found to be a 150mm diameter steel pipe (SP) that contains high pressure gas (between 

70-350kPa) buried at a depth of 1m. From Bundeys Road, this pipe extends underneath the 

existing western bridge and then continues under Hackney Road, making a 900 turn to 

Richmond Street. In addition, the feasibility study also identified that there are low pressure 

(between 1.2-1.7kPa) cast iron (CI) gas pipes that range from 100mm-350mm in diameter 

around the North Terrace/Botanic Road/Hackney Road/Dequetteville Terrace intersection. 

The depth of these pipes varies from 800mm to 1.9m. All details on these existing pipes were 

obtained from Dial Before You Dig (DBYU) and can be seen in Figure 31 and Figure 32 below. 

This information is also summarised in Drawing 0021-WS-2017.  

Due to the tunnel passing directly through the Hackney Road / Bundeys Road intersection, a 

portion of the 150mm gas pipeline must be removed and reinstalled around this area to 

ensure it remains unaffected. Drawing 0022-WS-2017 shows the tunnel alignment 

superimposed onto the gas pipe alignment to indicate which portion of the pipeline will be 

impacted by the solution. In regards to the cast iron pipes on the southern end of Hackney 

Road, they will not require relocation due to no new road works or excavation required in 

that area. Therefore, this pipeline was not considered to be part of the design scope, however 

it may need consideration for future developments.  
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Figure 31: Existing 150mm Diameter Gas Pipe 
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Figure 32: Existing Gas Pipes around the North Terrace/Botanic Road/Hackney Road/ Dequetteville Terrace Intersection 
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3.3.2 DESIGN CONSIDERATIONS 

All design and installation requirements associated with reinstalling the new section of steel 

gas pipe will be in accordance to AS 4645-2008 Gas Distribution Network Management and 

AS 4645.2-2008 Gas Distribution Networks – Steel Pipe Systems. Clause 5.3.3 of AS 4645.2-

2008 states that when a steel gas pipe is laid parallel to other services a minimum separation 

distance of 250mm is required in order to effect repairs. However, if the pipe crosses other 

services, the minimum separation distance reduces to 100mm unless a greater clearance 

distance is required by other supplementary standards. Also, when reinstalling the affected 

portion of the gas pipe, Table 5.1 of AS 4645.2 recommends that the pipe be buried at a 

minimum cover depth of 600mm to ensure adequate underground protection. This 

recommendation is based on the fact that the pipe diameter is 150mm, the pressure within 

the pipe is less than 500kPa and the soil in the vicinity of the existing pipe is not rock. Due to 

the cover above the tunnel being 750mm, this minimum cover depth will be achieved. 

There is also a number of design criteria listed in Clause 3.2 of AS 4645 that needed to be 

considered when examining the entire gas distribution network collectively. These design 

criteria include: 

 Forecasting for changes in gas demand; 

 Composition and properties of the gas being transported; 

 Safe transport and use of the gas; 

 Failure mode requirements (e.g., the pipe should leak before it ruptures as this will 

limit the potential for full flow to escape at high pressures); 

 Required robustness and protection against threats of third party interference; 

 Degradation of the pipe system, including required resistance to corrosion; 

 Changes in the environment within which the network will operate. 

3.3.3 SOLUTION 

The new proposed location of the affected gas pipe is shown in Drawing 0023-WS-2017. As 

can be seen in the drawing, the solution is to install a new permanent bypass north of the 

River Torrens. This bypass pipe will connect the existing gas pipe just south of Bundeys Road 

to the existing gas pipe located within the embankment north of the River Torrens. It should 

be noted that the bypass can only be installed after a section of sheet piles and the tunnel 
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ceiling have been installed as the pipe will need to cross over the tunnel by resting on the 

tunnel ceiling. See Section 3.3.5 for further details on how the bypass will be installed. The 

new 150mm steel pipe bypass will be laid to meet all minimum cover depths and separation 

distances specified in Section 3.3.2. Rather than relocating this pipeline underneath the 

tunnel, this solution has the advantage of minimising the amount of excavation required and 

ultimately the cost associated with relocating the pipeline. In addition, this solution allows for 

ease of maintenance in the future. Furthermore, it was first proposed to cast this gas main 

within the ceiling slab of the tunnel, however this was deemed inappropriate due to issues 

associated with maintenance and tunnel fire safety. 

Because there are other services located in the vicinity of the gas pipe, they will also be 

removed and reinstalled in a similar manner to that described above and below in Section 

3.3.5. This will happen at the same time as when the works for the gas pipe are occurring to 

increase efficiency and minimise the time taken to complete the project. The other services 

around the Bundeys Road/Hackney Road intersection that will be reinstalled and relocated in 

the same manner and at the same time as the gas pipe are: 

 NBN (See Section 3.4.3.2); 

 Underground power (See Section 3.5.5). 

Please refer to Drawing 0003-WS-2017 which describes how all these services (including the 

gas pipe) will be placed over the tunnel ceiling.  

3.3.4 IMPACTS 

During construction, the main impact associated with the solution is that homes will be left 

without natural gas for the duration in which it takes to install the permanent bypass, 

however this is only anticipated to take a maximum of 2 days. In regards to the project 

timeframe, installing this permanent bypass will also affect when the tunnel can be 

constructed. For example, sheet piling cannot be completed along the entire tunnel alignment 

without there being some breaks to allow the services around the Bundeys Road/Hackney 

Road intersection to be reinstalled first. This is because if the sheet piles were installed first, 

they would damage all the existing services in the area including the gas pipe. Having breaks 

in the sheet piles to allow the gas pipe to be reinstalled over the tunnel ceiling will ultimately 

impact on the efficiency of the sheet piling process, however having these breaks will 
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significantly reduce the cost associated with relocating the gas pipe under the tunnel and this 

was deemed to be an appropriate compromise. In addition, due to the location of the 

services, it was difficult to incorporate environmentally friendly measures such as infiltration 

trenches around the Bundeys Road/Hackney Road intersection as this would have affected 

the minimum clearance distances of the services and in turn would have damaged the 

services. 

3.3.5 CONSTRUCTION METHODOLOGY 

All works regarding gas relocation and installation will be carried out under the Gas Act 1997, 

Gas Regulations 2012 and AS 5601 – Gas Installations. The 5 main stages associated with the 

relocation of this pipeline include: 

 Stage 1: Trench South of the Hackney Road/Bundeys Road intersection; 

 Stage 2: Install sheet piles towards the existing gas main; 

 Stage 3: Place the slab deck for the tunnel ceiling in place; 

 Stage 4: Install a permanent bypass pipe over the slab and remove the existing pipe;  

 Stage 5: Install the remaining sheet piles; 

Stage 1: Trench South of the Hackney Road/Bundeys Road intersection 

Duration of trenching: 1 day 

Time of trenching: Anytime prior to constructing the tunnel 

The first step in relocating this pipeline will involve trenching. Safely exposing the existing gas 

line using an excavator will allow the exact position and depth of the pipe to be determined. 

Due to the short length that needs relocating and the restricted space available near this 

intersection, trenching was deemed the best option to locate and reinstall the gas pipe. This 

work will be completed during the daytime as this will allow the service to be more easily 

located opposed to night works.  

Stage 2: Install sheet piles towards the existing gas main 

Duration of installation: 2 days  

Time of installation: After determining the precise location of the gas pipe 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 111 | 708 

Version 2.0 

The sheet piles will be driven into the soil, ensuring there is a spacing of at least 1m on either 

side of the existing gas pipe to prevent any damage. As NBN and underground power services 

will also be reinstalled at the same time as the gas pipe however, the sheet piles should 

terminate at a location which does not damage any of the existing services to be relocated. 

Stage 3: Place the slab deck for the tunnel ceiling in place 

Duration of placement: 1 day 

Time of placement: After the sheet piles in stage 2 have been installed 

A portion of the tunnel ceiling will be put in place south of the Bundeys Road/Hackney Road 

intersection. 

Stage 4: Install a permanent bypass pipe over the slab and remove the existing pipe  

Duration of installation: 1 day 

Time of installation: After the slab deck for the tunnel ceiling has been placed 

Since the gas within this pipeline is of high pressure, the existing gas main will need to be 

turned off, preferable during a weekend to ensure the bypass pipe can be installed safely over 

the existing slab that was constructed in stage 3. The pipe used for this bypass will be a 

150mm diameter steel pipe, as currently used. Once this pipe has been installed and while 

the gas is turned off, the existing gas main that spans across the tunnel can be removed by 

cutting either end of the pipe in the locations shown in Drawing 0023-WS-2017. All residents 

whose gas is expected to be turned off during this weekend will be advised in writing weeks 

before this stage occurs to ensure they can prepare for the outage. 

Clause 5.3 of AS 4645 requires that all underground steel pipework be coated to minimise 

corrosion. Therefore, prior to the bypass being installed, an epoxy coating should be applied 

to the new steel pipe to prevent the pipe from corroding overtime. Furthermore, to control 

the gas pressure in the new bypass over its lifetime operation and to protect the pipe from 

exceeding the maximum allowable operative pressure (MAOP), pressure relief valves should 

also be installed at the cutting locations. 

 

Stage 5: Install the remaining sheet piles 

Duration of installation: 4 days 
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Time of installation: After making the existing gas pipe redundant 

The remaining sheet piles will be installed and all areas where the pipe has been exposed can 

be backfilled. Note that the sheet piles still cannot be installed until after the existing NBN 

and underground power cables have been removed and after the bypass for these respective 

services have been installed. 

3.3.6 COSTING 

Table 14: Costing Associated with Relocating the Gas Pipe 

Gas Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching to locate the pipe Labour  4 hrs 59 180 

150mm steel pipe Supply 40 m 160 6,400 

Applying an epoxy coating to the 

pipe  
Labour 1 No. 180 180 

Installing the bypass Labour 4 hrs 59 236 

Installing pressure relief valves Labour 2 No. 250 500 

Removing the existing pipe Labour 1 hrs 59 59 

Backfilling over the pipe Labour 2 hrs 59 118 

Item Total  7,673 

SUBTOTAL $7,673 

Allow Preliminaries    10% 8,440 

Contingencies    10% 9,284 

GST    10% 10,213 

TOTAL $10,213 
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 TELECOMMUNICATION 

3.4.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL 

ALIGNMENT AND HACKNEY ROAD WIDENING 

Preliminary research from DBYD determined that ElectraNet currently has an optic fibre cable 

surrounding the project area, which can be seen in Figure 33. Since this cable is located South 

of the Hackney Road/Botanic Road intersection, it can be observed that it will not be affected 

by the project and hence no further consideration is required. 

 

Figure 33: Location of the Optic Fibre Cable 

Optus also has a cable in the project area which currently runs along North Terrace and 

Botanic Road, however this too will be unaffected by the project and will not require any 

further consideration. This cable can be seen in Figure 34. 
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Figure 34: Location of Optus Cable 

Moreover, a map from DBYD (shown in Figure 35) indicates that there are pilot cables 

belonging to SA Power Networks in the project area. The map shows that there is a cable 

running directly through the River Torrens. This cable however is not an active consideration 

because firstly, after a thorough onsite inspection, there was no cable visible over the River 

Torrens indicating that the cable is likely to be buried beneath the River Torrens. Secondly, 

there is also a possibility that the DBYD maps are incorrect or inaccurate. Thus, this cable will 

not be affected by the solution due to its depth. There are however 4 pilot cables in Figure 35 

that are more shallow and these will be affected by the tunnel alignment and will need to be 

removed and relocated. These cables are identified in Drawing 0025-WS-2017. 
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Figure 35: Location of Pilot Cables 

Finally, as shown in green in Figure 36 and Figure 37, there are several National Broadband 

Network (NBN) cables in the project area. The cable of main consideration is that which passes 

under Bundeys Road, Hackney Road and Richmond Street. As shown in Drawing 0028-WS-

2017, this cable will be affected and will require reinstalling. On the contrary, the cables on 

the eastern side of Park Road are not a concern as there are no new works occurring in that 

area meaning they will not be impacted.  
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Figure 36: NBN Cable (1/2) 

 

Figure 37: NBN cable (2/2) 
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3.4.2 DESIGN CONSIDERATIONS 

The design, relocation and reinstalment of the pilot cable ducts and new NBN cables will 

comply with the External Telecommunications Cable Network Code (C524:2013) and SA 

Power Networks’ Technical Standard (TS-085). These codes provide guidance on the design, 

installation, safety and maintenance principles associated with telecommunication services. 

Complying with these codes will therefore ensure that the telecommunication requirements 

for electrical, structural and network reliability are met.  

When designing the new location of the pilot cables and NBN cables, it was important that 

their new positions satisfied a number of requirements. Section 6.1.2 of the External 

Telecommunications Cable Network Code (C524:2013) for example requires that all cables 

are relocated in positions that enable reasonable access for maintenance purposes, and that 

the new location of the service does not hinder other asset owners from performing 

maintenance on their facilities. According to the code, the cables should also be relocated in 

positions that ensure the facilities of other carriers do not become damaged and to prevent 

hazards resulting from unintentional contact with other utility services with the end goal 

being to provide a safe working environment.  

To achieve these requirements, the minimum clearance distances from other services as 

stated in Section 6.4.4 of the cable network code must be maintained. These distances are 

shown in Table 15. Additionally, Section 6.4 of the same code also states that any cable, 

whether it be installed in conduits or directly buried, must have a minimum cover of 450mm 

to ensure that the carriers’ assets are not damaged.  
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Table 15: Minimum Clearance for Telecommunication Cables to other Infrastructure Adapted from the External 

Telecommunications Cable Network Code (C524:2013) 

Underground Service Minimum Radial Clearance from Underground 

Telecommunications Cable (mm)  

Gas Pipe 

Large Main (Over 110 mm diameter) 

Small Main (75 mm diameter or less) 

 

300 

100 

Power Line and Service Lines 

HV 

LV 

 

300 (Note 1) 

100 

Water Main 

High Capacity Main 

Local Reticulation 

 

300 

150 

Sewer 

Mains 

Connections to Mains 

 

300 

150 

Other Carriers’ Telecommunication Cables 100 

NOTE: Where protective covering/barriers have not been provided over HV Power Lines, a minimum 

separation should be 450 mm. 

 

Furthermore, Section 6.4.6 of the External Telecommunications Cable Network Code 

(C524:2013) states that when telecommunication cables are incorporated into structures 

with other services, all parties including asset owners and owners of the structure must come 

to an agreement for the clearance distances between services. This allowed there to be some 

flexibility in the design/relocation of the pilot cables as the solution for these cables was to 

make them cross the river via the services bridge together with the mains water pipe. Please 

see Section 3.4.3 for further details on this solution. In addition, TS-085 suggests that 

telecommunication cables be co-located where possible and we were able to achieve this 

with the pilot cables by spanning them all across the services bridge.  

When devising a new location for the cables, due consideration was also given to: 
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 Relocating the new cables in a position that would be suitable for them to withstand 

loads experienced during their lifetime operation; 

 Understanding what soil around the site was likely to be contaminated or saturated 

with water as this would affect the long-term viability of the solution. This was 

achieved in consultation with our Geotechnical and Environmental Departments; 

 Determining the environment under which the NBN and pilot cables will operate; 

 Designing the cables so that unauthorized access by a person is prevented and so that 

the visibility is reduced; 

 Relocating the telecommunication cables to positions that do not adversely affect the 

visual streetscape and landscape amenity. This included not impacting the view of the 

parklands. 

3.4.3 SOLUTION 

3.4.3.1  RELOCATING THE PILOT CABLES 

The four affected pilot cables will be removed from their existing location and placed in a 

services box that is bolted onto the bridge. Inside the box, the cables will be placed in two 

layers. In these layers, each of the cables will be 100mm apart horizontally. This separation 

distance was also used to space the layers vertically. Note that no horizontal clearance 

distances needed to be satisfied as the services box is located above the mains water pipe. 

Pilot cables are used as a contingency in case the mains power fails, meaning they remain out 

of service until they are needed to provide power. Having these cables run along the services 

bridge will therefore allow for ease of access for future use if back up power is needed. 

Arranging the cables in this manner will not only allow the solution to meet the appropriate 

design considerations listed in Section 3.4.2, it will also reduce the congestion of services just 

south of the Bundeys Road/Hackney Road intersection.  

3.4.3.2 NBN RELOCATION 

The new proposed location of the affected NBN is shown in Drawing 0029-WS-2017. As can 

be seen in the drawing, the solution is to install a new permanent bypass north of the River 

Torrens similar to the gas solution. This bypass pipe will connect the existing NBN just south 

of Bundeys Road on the western side of the tunnel to the existing NBN located just south of 
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the Bundeys Road intersection on the eastern side of the tunnel. The new NBN bypass will be 

laid to meet the cover depths and horizontal separation distances specified in Section 3.4.2. 

Due to the cover of the tunnel to the surface being 750mm along its entire length, the 

minimum cover of 450mm for telecommunication cables can be easily satisfied. As this 

solution can be completed at the same time and location as the gas pipe, this solution is the 

most cost-effective way of solving the issue of telecommunication cables as it will not require 

additional infrastructure. It also requires the amount of additional construction works, aiding 

the timeline of the project.  

3.4.4 IMPACTS 

In regards to NBN relocation, much of the impacts are the same as that for gas as they will 

both be relocated at the same time. The only difference will occur during construction where 

instead of homes being left without natural gas, they will be left without internet for the 

duration of the relocation process. Therefore, please refer to Section 3.3.4 for more impacts 

associated with the NBN relocation. 

As for the pilot cables, the relocation procedure will not pose a large impact on the project 

timeframe as they can be removed any time prior to major construction works occurring for 

the tunnel. Also, the fact that the pilot cables are not in service means that there will be no 

downtime when they are removed, however the disadvantage of relocating them means that 

if there is a power outage during construction, there will be no backup source of electricity 

until they are reinstalled across the services bridge.   

3.4.5 CONSTRUCTION METHODOLOGY 

In addition to the codes discussed in Section 3.4.2, all installation works regarding both pilot 

and NBN cables will adhere to the following codes and standards: 

 External Telecommunications Cable Network Code (C524:2013); 

 The Australian Communications Industry Form’s AS/ACIF S009:2006 Installation 

requirements for customer cabling (Wiring rules); 

 The Telecommunication Code of Practice 1997. 
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3.4.5.1 RELOCATING THE PILOT CABLES 

The 3 main stages associated with the removal and reinstallation of the pilot cables include:  

 Stage 1: Trench South of the Hackney Road/Bundeys Road intersection; 

 Stage 2: Remove the pilot cables that clash with the tunnel; 

 Stage 3: Install the pilot cables across the services bridge. 

Stage 1: Trench South of the Hackney Road/Bundeys Road intersection 

Duration of trenching: 5 days  

Time of trenching: Anytime prior to constructing the tunnel  

The first step in relocating these cables will involve trenching. Safely exposing the cables using 

an excavator will allow their exact positions to be determined. This work will be completed 

during the daytime as this will allow the cables to be more easily located opposed to night 

works.  

Stage 2: Remove the pilot cables that clash with the tunnel  

Duration of removal: 3 days  

Time of removal: After trenching 

The pilot cables that have been exposed from trenching can be carefully removed. 

Stage 3: Install the pilot cables across the services bridge 

Duration of installation: 2 days  

Time of installation: After the services bridge has been constructed and after the portion of 

mains water pipes that span across this bridge have been installed  

Once the cables have been removed, they can be installed across the services bridge as 

described in Section 3.4.3.  

3.4.5.2 NBN RELOCATION 

Note that this methodology has been adapted from Section 3.3.5. 

The 5 main stages associated with the NBN relocation include: 

 Stage 1: Trench South of the Hackney Road/Bundeys Road intersection 

 Stage 2: Install sheet piles towards the existing NBN cable 
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 Stage 3: Place the slab deck for the tunnel ceiling in place 

 Stage 4: Install a permanent bypass over the slab and remove the existing cable  

 Stage 5: Install the remaining sheet piles 

Stage 1: Trench South of the Hackney Road/Bundeys Road intersection 

Duration of trenching: 1 day 

Time of trenching: Same time as when the trenching occurs for the gas pipe 

The first step in relocating this NBN cable will involve trenching. Safely exposing the existing 

cable using an excavator will allow the exact position of the cable to be determined.  

Stage 2: Install sheet piles towards the existing NBN cable 

Duration of installation: 2 days  

Time of installation: After determining the precise location of the NBN cable 

The sheet piles will be driven into the soil, ensuring there is a spacing of at least 1m on either 

side of the existing NBN cable to prevent any damage. As the gas pipe and underground power 

services will also be reinstalled at the same time as the NBN cable however, the sheet piles 

should terminate at a location which does not damage any of the existing services to be 

relocated. 

Stage 3: Place the slab deck for the tunnel ceiling in place 

Duration of placement: 1 day 

Note: This will be the same slab deck as in Section 3.3.5 

Stage 4: Install a permanent bypass over the slab and remove the existing cable  

Duration of installation: 1 day 

Time of installation: After the slab deck for the tunnel ceiling has been placed 

To install the bypass, the NBN cable will need to be turned off to ensure the bypass cable can 

be installed safely over the existing slab that was constructed in stage 3. Once this cable has 

been installed and while the NBN is turned off, the existing cable that spans across the tunnel 

can be removed by cutting either end of the cable in the locations shown in Drawing 0029-

WS-2017. All residents whose internet is expected to be shut down will be advised in writing 

weeks before this stage occurs to ensure they can prepare for the outage. 
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Stage 5: Install the remaining sheet piles 

Duration of installation: 4 days 

Time of installation: After removing the existing NBN cable 

The remaining sheet piles will be installed and all areas where the NBN cable has been 

exposed can be backfilled. Note that the sheet piles still cannot be installed until after the 

existing gas pipe and underground power cable have been removed and after the bypass for 

these respective services have been installed. 

3.4.6 COSTING 

Table 16: Costing Associated with Relocating the Pilot Cables. 

Piot Cable Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching to locate the cables Labour  42 hrs 59 2,478 

Removing the cables Labour 23 hrs 59 1,357 

Installing the cables on services 

bridge 
Installation 524 m 26 13,624 

Backfilling  Labour 11 hrs 59 649 

Item Total  $18,108 

SUBTOTAL $18,108 

Allow Preliminaries    10% 19,919 

Contingencies    10% 21,911 

GST    10% 24,102 

TOTAL $24,102 
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Table 17: Costing Associated with Relocating NBN 

NBN Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching to locate the cable Labour  4 hrs 59 236 

Installing the bypass  
Supply and 

Installation 
42 m 1,125 47,250 

Removing the existing cable Labour 2 hrs 59 118 

Backfilling over the cable Labour 1 hrs 59 59 

Item Total  $47,663 

SUBTOTAL $47,663 

Allow Preliminaries    10% 52,429 

Contingencies    10% 57,672 

GST    10% 63,439 

TOTAL $63,439 

 

 UNDERGROUND POWER 

3.5.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL 

ALIGNMENT AND HACKNEY ROAD WIDENING 

As explained previously in the feasibility study, the O-Bahn City Access Project involves the 

presence of underground electrical cables within the design area. These electrical cables can 

range in voltage from 415V which are considered low voltage to 66kV which are considered 

high voltage (considered high voltage when they exceed 1,000V). After obtaining information 

and maps from SA Power Networks and Dial before You Dig (DBYU), it was determined there 

were low voltage underground electricity networks of 415V from Park Road to Park Terrace 

and from War Memorial Drive to Hackney Road. Furthermore, it was also determined that 

there was a high voltage electricity network of 11kV underneath Plane Tree Drive. The 

location of these networks can be apparent in Figure 38, Figure 39 and also Drawing 0030-
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WS-2017. Due to insufficient data, the depth and diameter of these cables are unknown and 

will require digging from the contractor to find exact locations. 

  

Figure 38: 11kV Electricity Networks Highlighted in Red Lines 
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Figure 39: 415V Electricity Networks Highlighted in Blue lines. 

The location of these underground electricity networks mentioned above are greatly 

impacted from the tunnel alignment as can be seen in Drawing 0031-WS-2017. There will be 

areas of clashing between low voltage underground electricity networks (415V) and the 

tunnel on Park Road/Terrace as well as just south of the Bundeys/Hackney Road intersection. 

Since the existing location of these low voltage electricity cables clash with the tunnel 

alignment, construction of the tunnel cannot commence while they exist in their current 

location. For this reason, sections of these low voltage networks will require removal and 

relocation. 

The 11kV high voltage electricity networks located underneath Plane Tree Drive fall outside 

areas of clashing with the tunnel alignment and therefore will not require relocation however 

will need to be considered for future developments. This cable is also unaffected by the 

widening of Hackney Road. 
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3.5.2 DESIGN CONSIDERATIONS 

The underground low voltage electricity networks will be designed in accordance with 

Australian Standards ‘AS/NZS 3000:2007, Wiring Rules’. The design will satisfy Electricity Act 

1996 and both 2010 and 2012 Regulations as well as maintaining minimum vertical and 

horizontal clearances between adjacent services detailed in Figure 143 and Figure 144 as part 

of Appendix B. Per these Figures, low voltage electrical cables require a minimum horizontal 

and vertical clearance of 100mm with telecommunication cables. Furthermore, they require 

a minimum horizontal and vertical clearance of 350mm with a high-pressure steel gas pipe. 

This value was taken from Figure 143 and Figure 144 and adapted as given in Clause 10.6 of 

SA Power Networks Technical Standard 085. Per Table 3.6 of AS/NZS 3000, electrical cables 

should be buried at a minimum cover depth of 500mm to ensure adequate underground 

protection. 

3.5.3 SOLUTION 

The new proposed location of the affected low voltage electricity networks are shown in 

Drawing 0032-WS-2017. For this solution, the existing networks will remain in their existing 

locations underneath Park Road to Park Terrace and War Memorial Drive to Hackney Road 

however alterations to the cables that are in direct line to the tunnel alignment will be carried 

out. For the network located from War Memorial Drive to Hackney Road, there is a cable 

crossing the tunnel alignment just south of Bundeys/Hackney Road intersection that requires 

removal for the tunnel construction. Similar to this, for the network located from Park Road 

to Park Terrace, there is a cable crossing the tunnel alignment on Park Road where the tunnel 

commences which will also require removal.  

For both these sections described, a bypass will be installed after installation of the slab deck 

similar to the gas solution as seen in Drawing 0032-WS-2017. This bypass will be installed in 

a different orientation and at a higher depth to the existing cable so it can be placed above 

the slab. This bypass will act as the new pathway for the network as once this cable has been 

connected, the existing cable will become redundant and therefore cut to allow for further 

sheet piling. The slab is located at a depth to allow sufficient cover for these cables as stated 

in Section 3.6.2. Although this solution involves the cutting of a power source, this design was 

deemed as the most appropriate solution compared to the original design of completely 
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relocating the full network. As only a section of the network is being altered to ensure no 

clashing with the tunnel alignment, complete relocation will not be necessary for this project.  

3.5.4 IMPACTS 

In regards to the design described in Section 3.5.3 there will be a power shortage during the 

relocation of the cable as part of the underground electricity networks. This is due to the 

required cutting of the cable to make way for the path of the tunnel alignment. Even though 

a bypass will be installed to ensure minimum loss of power, the existing cable has to be 

disconnected to allow for connection of the bypass resulting in a loss of power for up to 24 

hours. As the networks are only low voltages of 415V, if there are major affected services 

from this outage, additional power will be provided by the use of a generator similar to that 

of Figure 40. 

 

Figure 40: Power Generator 

Furthermore, this design described also has an effect on other departments associated as part 

of this project. As part of the process of cutting the line and reinstalling it above the slab deck, 

a break in the sheet piling has to be carried out during construction of the tunnel around this 

affected area and this will ultimately affect the efficiency of the sheet piling operation. The 

operation of incorporating a break in the sheet piling will be co-ordinated, planned and 

delivered by our Structural Department. 
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3.5.5 CONSTRUCTION METHODOLOGY 

3.5.5.1 ELECTRICITY NETWORK UNDER WAR MEMORIAL DRIVE 

All works regarding underground power relocation will be carried out in accordance with the 

Electricity Acts & Regulations. It should be noted, this methodology will be undertaken at the 

same time as the required gas and NBN relocation as a result of both these services having 

the same areas of impact (just south of Hackney Road/Bundeys Road intersection). The 5 main 

stages associated with the relocation of this cable will include: 

 Stage 1: Trench the Hackney Road/Bundeys Road intersection;  

 Stage 2: Install sheet piles towards the existing cable; 

 Stage 3: Place the slab deck for the tunnel ceiling; 

 Stage 4: Install a permanent bypass over the slab and remove the existing cable;  

 Stage 5: Install the remaining sheet piles. 

Stage 1: Trench the Hackney Road/Bundeys Road intersection 

Duration of trenching: 1 day 

Time of trenching: Any time prior to constructing the tunnel as per the gas and NBN relocation 

The first step in relocating this cable will involve trenching. Safely exposing the existing 

network using an excavator will allow the exact position of the cables to be determined. Due 

to the short length that needs relocating and the restricted space available near this 

intersection, trenching was deemed the best option to locate these cables. This work will be 

done during the daytime as this will allow the services to be more easily located opposed to 

night works. Trenching for this cable will be carried out the same time as required for gas and 

NBN relocation to promote efficient construction practices.  

Stage 2: Install sheet piles towards the existing cable 

Duration of installation: 2 days 

Time of installation: After determining the precise location of the cable 

The sheet piles will be driven into the soil, ensuring there is a spacing of at least 1m on either 

side of the existing cable to prevent any damage. As NBN and gas services will also be 
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reinstalled at the same time as the gas pipe however, the sheet piles should terminate at a 

location which does not damage any of the existing services to be relocated. 

Stage 3: Place the slab deck for the tunnel ceiling 

Duration of placement: 1 day 

Time of placement: After the sheet piles in stage 2 have been installed 

The tunnel ceiling will be put in place in the location shown on Drawing 0032-WS-2017. 

Stage 4: Install a permanent bypass over the slab and remove the existing cable 

Duration of installation: 2 days 

Time of installation: After the slab deck for the tunnel ceiling has been placed 

To ensure the bypass cable can be installed safely over the existing slab that was constructed 

in stage 3 the existing cable will need to be turned off, preferable during a weekend. The cable 

used for this bypass will be identical to that of the existing cable and will be placed at an 

allowable clearance of 100mm to the NBN bypass and 350mm to the gas bypass. Once this 

bypass has been installed and while the cable remains inactive, the existing cable that spans 

across the tunnel will be made redundant by cutting either end. All personnel who are 

expected to be affected during this weekend works will be advised in writing weeks before 

this stage occurs to ensure they can prepare for the outage. 

Stage 5: Install the remaining sheet piles 

Duration of installation: 1 day 

Time of installation: After making the existing cable redundant 

The remaining sheet piles will be installed and all areas where the cable has been exposed 

can be backfilled. Note that the sheet piles still cannot be installed until after the existing NBN 

cable and gas pipe have been removed. 

 

3.5.5.2 ELECTRICITY NETWORK UNDER PARK ROAD 

All works regarding underground power relocation will be carried out in accordance with the 

Electricity Acts & Regulations. The 5 main stages associated with the relocation of this cable 

will include: 
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 Stage 1: Trench North of Park Road;  

 Stage 2: Install sheet piles towards the existing cable; 

 Stage 3: Place the slab deck for the tunnel ceiling; 

 Stage 4: Install a permanent bypass over the slab and remove the existing cable; 

 Stage 5: Install the remaining sheet piles. 

Stage 1: Trench north of Park Road 

Duration of trenching: 1 day 

Time of trenching: Any time prior to constructing the tunnel  

The first step in relocating this pipeline will involve trenching. Safely exposing the existing 

network using an excavator will allow the exact position of the cables to be determined. Due 

to the short length that needs relocating and the restricted space available near this 

intersection, trenching was deemed the best option to locate these cables. This work will be 

done during the daytime as this will allow the services to be more easily located opposed to 

night works.  

Stage 2: Install sheet piles towards the existing cable 

Duration of installation: 2 days 

Time of installation: After determining the precise location of the cable 

The sheet piles will be driven into the soil, ensuring there is a spacing of at least 1m on either 

side of the existing pipe to prevent any damage. 

Stage 3: Place the slab deck for the tunnel ceiling 

Duration of placement: 1 day 

Time of placement: After the sheet piles in stage 2 have been installed 

The tunnel ceiling will be put in place in the location shown on Drawing 0032-WS-2017. 

Stage 4: Install a permanent bypass over the slab and remove the existing cable 

Duration of installation: 2 days 

Time of installation: After the slab deck for the tunnel ceiling has been placed 

To ensure the bypass cable can be installed safely over the existing slab that was constructed 

in stage 3 the existing cable will need to be turned off, preferable during a weekend. The cable 
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used for this bypass will be identical to that of the existing cable. Once this bypass has been 

installed and while the cable remains inactive, the existing cable that spans across the tunnel 

will be made redundant by cutting either end. All personnel who are expected to be affected 

during this weekend works will be advised in writing weeks before this stage occurs to ensure 

they can prepare for the outage. 

Stage 5: Install the remaining sheet piles 

Duration of installation: 1 day 

Time of installation: After making the existing cable redundant 

The remaining sheet piles will be installed and all areas where the pipe has been exposed can 

be backfilled. 

3.5.6 COSTING 

It should be noted; this costing below is a sum for the relocation of underground power across 

both low voltage electricity networks. 

Table 18: Costing Associated with Relocating Underground Power 

Underground Power Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching to locate the cables Labour  15 hrs 59 885 

Installing the bypasses 
Supply and 

Installation 
79 m 658 51,982 

Removing the existing cables Labour 23 hrs 59 1,357 

Backfilling over the cables Labour 11 hrs 59 649 

Item Total  $54,873 

SUBTOTAL $54,873 

Allow Preliminaries    10% 60,360 

Contingencies    10% 66,396 

GST    10% 73,031 

TOTAL $73,031 
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 OVERHEAD POWER 

3.6.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL 

ALIGNMENT AND HACKNEY ROAD WIDENING 

As explained previously in the feasibility study, this project involves 11kV and 66kV high 

voltage overhead powerlines spanning parallel east and west respectively along Park Road 

and Hackney Road. These powerlines act as a major power network sourcing power for 

residents, businesses and schools along Hackney Road and adjacent suburbs. The 66kV 

powerlines currently span the entire length of both Mann Road and Hackney Road supported 

on stobie poles ranging in height of 10-20m whereas the 11kV powerlines span the entire 

length of Park Terrace and Hackney Road supported on stobie poles ranging in height of 8-9m 

(Department of State Development 2017). Refer to Figure 41 for an example of the existing 

overhead powerlines. The voltage and location of these overhead powerlines were 

determined using maps provided by Location SA services, Dial before You Dig (DBYU) and 

Google Maps which can be viewed in Figure 42 and Figure 43. A clear representation of the 

two existing powerlines can be seen labelled in Drawings 0033-WS-2017 and 0034-WS-2017. 

 

Figure 41: 11kV & 66kV Powerlines (Left to Right) 
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Figure 42: Overhead Powerlines Highlighted in Green 

 

Figure 43: Stobie Pole Locations Highlighted in Black. 
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Currently the existing 66kV powerlines located on the western perimeter of Hackney Road 

are an area of great concern due to the high degree of infrastructure involved in the scope of 

this project. The reason behind this is due to necessary excavation and sheet piling for the 

construction of the tunnel. The sheet piling installation will consist of pile driving sheets piles 

directly down into the ground on the perimeter of the tunnel alignment which spans west of 

Hackney Road from Park Road to south of the Richmond Street/Hackney Road intersection. 

Since there are minimum safety clearances for completing works near powerlines, these 

sheets can’t be installed due to the existing location of the powerlines west of Hackney Road 

from Mann Street to Richmond Street/Hackney Road Intersection. Furthermore, as the tunnel 

alignment starts spanning central of Hackney Road from just north of Bertram Street/Hackney 

Road intersection, there is an 11kV overhead powerline crossing this intersection from east 

to west that will also prevent the installation of sheet piling. These areas of clashing described 

results in the relocation of a section of the powerlines, 790m in length ranging from Mann 

Road to Cambridge Street/Hackney Road intersection. These impacts can be seen in Drawings 

0035-WS-2017 and 0036-WS-2017. 

As the 11kV powerlines are located on the eastern perimeter of Hackney Road, they don’t 

clash with the tunnel alignment and therefore will not require relocation. They will however 

be considered and incorporated as part of the design for the relocation of the 66kV 

powerlines.  

3.6.2 DESIGN CONSIDERATIONS 

The overhead powerlines will be designed in accordance with Australian Standards ‘AS/NZS 

3000:2007, Wiring Rules’ and ‘AS/NZS 7000:2016, Overhead Line Design’. The design will 

satisfy Electricity Act 1996 and both 2010 and 2012 Regulations as well as meet minimum safe 

clearances for building and working near overhead powerlines detailed in Figure 145 and 

Figure 146 as part of Appendix B. According to Table 3.1 and Table 3.3 of AS/NZS 7000, there 

must be a minimum vertical clearance of 1.8m between a 66kV powerline spanning directly 

above an 11kV powerline as well as a minimum vertical clearance of 1.5m between these 

powerlines at the same stobie pole. These clearances can be highlighted clearly in Figure 44 

and Figure 45. 
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Upon further inspection of both standards mentioned above, insufficient information was 

obtained regarding a maximum distance between stobie poles. Therefore, after taking 

measurements of the existing 66kV powerline described in Section 3.7.1, an average of 130m 

between poles was obtained and will be considered a maximum distance between poles as 

part of the design. This obtained value was considered a maximum for the reason that 

regulations and design requirements may have changed since these existing poles were 

installed. It should also be noted that the design of the new powerline including stobie poles 

will be identical to that of the existing powerline. 

As previously mentioned in Section 3.7.1, the construction processes involved in driving the 

sheet piles into the soil will be a major consideration in the relocation of the powerlines. This 

is because the sheet piles are made of metal and if they come into contact with the 66kV lines, 

the entire community’s electricity will be affected. Also, if the sheet piles were to clash with 

the lines, there will be a serious compromise to the health and safety of all workers. 

 

 

Figure 44: Untouched Crossings 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 137 | 708 

Version 2.0 

 

Figure 45: Touched Crossings 

 

3.6.3 SOLUTION 

The new proposed location of the affected overhead powerlines are shown in Drawings 0037-

WS-2017 and 0038-WS-2017. For this solution, a section of the 66kV powerlines will be 

relocated to east of Hackney Road so that they are out of the way when the sheetpiles are 

installed. This new powerline will span from Park Terrace to Cambridge Street/Hackney Road 

intersection and will connect up to the existing line on Mann Road and finish just south of 

Cambridge Street/Hackney Road intersection. As mentioned in 3.7.1, there is also existing 

11kV powerlines located east of Hackney Road that have to be taken into consideration. As 

can be seen in Drawings 0037-WS-2017 and 0038-WS-2017, there are seven stobie poles in 

total. Using a maximum design spacing of 130m between stobie poles as stated in Section 

3.7.2, the stobie pole locations were spaced for the entire length of the new powerline, 

ensuring not only that spans didn’t breach 130m but also that the new stobie poles are 

positioned to replace the existing stobie poles housing the 11kV powerline. 

The first stobie pole is located east of Park Terrace spanning 125m from the existing stobie 

pole on Mann Road. The reason behind this location is to resolve the impact that sheet piling 

has on the powerlines as this new powerline cannot be connected to the existing line until 

the sheet piling has been installed. The connection for the new powerline to the existing line 

will span across Park Road close to where the tunnel starts as the sheet piling for this area will 

be completed at initial stages of this project. This will allow the new powerline to be 
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connected early on in the project allowing the existing line to be removed for other stages of 

the project such as street lighting relocation and road clearing/widening of Hackney Road.  

The remaining stobie poles have been positioned at an average of 110m and designed to 

replace the existing poles housing the 11kV powerlines at allowable clearances of 1.5m in a 

similar manner to Figure 46. The last stobie pole is located south of Cambridge 

Street/Hackney Road intersection and 40m from the existing stobie pole located on the other 

side of the road. This new powerline has been designed to span above the existing 11kV 

powerline from Park Terrace to south of the Cambridge Street/Hackney Road at an allowable 

clearance of 1.8m. This new line will extend 646m in length with a further 165m for 

connections to the existing line. 

 

 

Figure 46: 66kV and 11kV Powerlines on Same Support (Top to Bottom) 

3.6.4 IMPACTS 

In regards to the design described in Section 3.7.3, residents, businesses and surrounding 

schools along Hackney Road will lose power for at least 24 hours. This will occur as although 

the new powerline will be constructed while the existing powerline is still active to ensure 

minimal power disturbance, there will have to be a power drop out when connecting this new 

line to the old line. To mitigate this impact, extra caution will be taken during the connecting 

of these lines as well as before this process is undertaken letters will be issued throughout 
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this affected area to give plenty of notice to residents, businesses and schools of this power 

drop out. 

Furthermore, this design described also influences other Departments associated as part of 

this project. The powerlines have been relocated to an area congested with trees and 

therefore to satisfy all Electricity Acts and Regulations, any tree that acts as a major 

obstruction must be removed by action of the Environmental Department. This will also mean 

that the Environmental department must organise and co-ordinate planting of new trees to 

substitute the ones that were removed.  

3.6.5 CONSTRUCTION METHODOLOGY 

All constructions work regarding overhead powerline relocation will be carried out in 

accordance with the Electricity Acts & Regulations and will satisfy all clearances associated 

with working near overhead powerlines. The four main stages of construction will include: 

 Stage 1: Install the new powerline from Park Terrace to Cambridge Street/Hackney 

Road intersection; 

 Stage 2: Connect the new powerline to the existing line; 

 Stage 3: Completely demolish the existing powerline including the removal of all 

stobie poles; 

 Stage 4: Backfill all empty holes from the stobie poles and proceed with the road 

lighting relocation. 

Stage 1: Install the new powerline from Park Terrace to Cambridge Street/Hackney Road 

intersection 

Duration of installation: 5 days 

Time of installation: Any time prior to constructing the tunnel 

The first step in relocating the overhead powerlines will involve setting up a new powerline. 

By constructing a new line while the existing line is still active, the impact of residents and 

businesses losing power for a significant amount of time is greatly minimised. This work will 

be completed mostly during the night due to the excavation required for the new stobie pole 

locations.  
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Stage 2: Connect the new powerline to the existing line 

Duration of procedure: 1 day 

Time of procedure: Once the sheet piling is completed 

Taking extreme caution, the new line will be connected up to the two existing stobie poles 

located at Mann Street and south of Cambridge Street/Hackney Road intersection. This will 

be carried out during the night to allow for the power outages. 

Stage 3: Completely demolish the existing powerline including the removal of all stobie 

poles. 

Duration of demolition: 1 day 

Time of demolition: Any time after the existing section is inactive 

To make room for the sheet piling and other works, the existing line will be demolished as 

soon as it’s no longer in service. This procedure will be carried out both during day and night 

hours. 

Stage 4: Backfill all empty holes from the stobie poles and proceed with the road lighting 

relocation. 

Duration of procedure: 1 day 

Time of procedure: As soon as possible after the stobie poles are removed 

Once the existing line and stobie poles have been removed, all holes will be backfilled as soon 

as possible to promote good safety practices. During this work, necessary barricading will be 

provided over the holes to ensure no pedestrians or animals are at harm. This work will be 

completed during night hours for this reason. 
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3.6.6 COSTING 

Table 19: Costing Associated with Relocating Overhead Powerlines 

Overhead Powerlines Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

7 new stobie poles Supply 7 ea. 1,625 11,375 

811m electricity line Supply 811 m 29 23,519 

Installing the powerline Installation 45 hrs 59 2,655 

Removing the existing powerline Labour 10 hrs 59 590 

Backfilling holes Labour 5 hrs 59 295 

Item Total  $38,434 

SUBTOTAL $38,434 

Allow Preliminaries    10% 42,277 

Contingencies    10% 46,505 

GST    10% 51,156 

TOTAL $51,156 
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 ROAD LIGHTING 

3.7.1 EXISTING CONDITIONS & IMPACTS DUE TO TUNNEL 

ALIGNMENT AND HACKNEY ROAD WIDENING 

As explained in the feasibility study, the design area houses road lighting services in the form 

of street lights ranging 10-12m in height running within median strips and alongside road 

boundaries. The streets lights located on the boundary only span to the Bundeys/Hackney 

Road intersection and consist of a single luminaire positioned towards the road however the 

lights located within the median strip span the entire length of Hackney Road and consist of 

dual luminaires facing each side of the road. Refer to Figure 47 for examples of the existing 

street lights within the design area. The location of these street lights were determined using 

maps provided by Dial before You Dig (DBYU) and Google Maps and can be viewed in Figure 

48 and Drawings 0039-WS-2017 and 0040-WS-2017. It should be noted that due to 

insufficient data, the location of the electricity networks responsible for powering these 

existing street lights could not be determined. They will however be considered when the 

required trenching for underground services is undertaken by the contractor. This is to ensure 

that any affected cables from this unknown network can be removed and relocated in a 

similar procedure to underground power relocation as stated in Section 3.1.5. 

 

Figure 47: Street Light with Single and Dual Luminaires (Left to Right) 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 143 | 708 

Version 2.0 

 

Figure 48: Light Column Locations Highlighted in Pink 

Similar to both the overhead and underground electrical services, the location of these street 

lights pose great concern. With the introduction of the tunnel alignment, road widening and 

new pavement in the median strip, there will be a great portion of street lights located to the 

west and centre of Hackney Road that will be impacted. The reasons behind these areas of 

clashing are firstly, due to the necessary excavation and sheet piling for the construction of 

the tunnel and secondly the clearing of the median strip as part of the necessary road 

widening of Hackney Road. Similar to the overhead powerlines, the excavation and sheet 

piling as part of the tunnel alignment will cross over with the existing street lights located 

west of Hackney Road and North of the Bundeys/Hackney Road intersection causing them to 

be of great effect. Furthermore, the clearing of the median strip for majority of Hackney Road 

will cause the street lights located from just north of the Richmond Street/Hackney Road 

intersection to Botanic Street/Hackney Road intersection to also be of great effect. Both these 

impacts will result in the removal and relocation of street lights from Mann Road to Botanic 
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Street/Hackney Road intersection. These affected street lights can be clearly seen in Drawings 

0041-WS-2017 and 0042-WS-2017 which shows the tunnel alignment superimposed onto the 

existing conditions of the street lights. 

The street lights located east of Hackney Road will not clash with the tunnel alignment and 

therefore will not require relocation however will be considered for future developments.  

3.7.2 DESIGN CONSIDERATIONS 

The new lighting solution will be designed in accordance with Australian standards AS/NZS 

1158 Road Lighting as well as DPTI Road Design - Standards and Guidelines “A guide to the 

design of road lighting LD001”. According to Appendix B of AS/NZS 1158, lightning columns 

should be installed with a kerb setback of 0.7m. In addition, section 3.2.1 of these standards 

state that the design spacing for lighting has to be calculated by computer methods. Due to 

insufficient information, this could not be calculated. Therefore, after taking measurements 

of the existing road lighting described in 3.8.1, an average of 45m between lights was 

obtained and will be considered a maximum distance between lighting columns as part of the 

design. This obtained value was considered a maximum for the reason that regulations and 

design requirements may have changed since these existing poles were installed. Section 

3.2.1 also states an allowable 10% tolerance for spans that do not achieve the design spacing 

on the account that it does not happen for two consecutive spans. It should also be noted 

that the design of the new lighting columns will be identical to that of the existing street lights 

however any new luminaries will be design in accordance with our Environment department. 

3.7.3 SOLUTION 

The new proposed location of the affected road lighting services are shown in Drawings 0043-

WS-2017 and 0044-WS-2017. For this solution, the existing street lights will be broken up into 

three different designs due to difference in impacts affecting these lights. Firstly, when 

overlooking the existing street lights north of the Bundeys Road/Hackney Road intersection, 

most of them are not directly affected by the tunnel alignment and can remain in their existing 

locations. However, there are three lighting columns that will require relocation due to the 

tunnel alignment. One of them is currently located east of Mann Road directly in line of the 

tunnel alignment. To avoid this clash, this lighting column will be removed and relocated 
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further south of Mann Road on the same side. This will result in a breach in spacing with the 

next light located north therefore, this column will also have to be relocated further south of 

Mann Street to reduce the spacing between these two lights. The other two lighting columns 

are currently located north and south of Bundeys Road just west of the intersection. Both 

these lighting columns will be removed and relocated further west from the intersection 

staying on the same side of the road. As a result of the relocation of the lighting column north 

of Bundeys Road, the next light located east, will also have to be relocated further east to 

ensure ample spacing between the two lights. As a result of all this action, a total of five street 

lights will be relocated to ensure there is sufficient lighting for motorists, there are no clashes 

with the tunnel alignment and all design criteria are met. 

Secondly, when overlooking the existing street light from the Cambridge Street/Hackney Road 

intersection to the Botanic Street/Hackney Road intersection, it’s certain all of them are 

affected by the clearing of the median strip. To avoid this clash, each of these lights will be 

removed and relocated on the existing stobie poles housing the overhead powerlines. As 

these powerlines exist on both sides of Hackney Road as mentioned in 3.7.1, a single luminaire 

will be added to the stobie poles both east and west of Hackney Road in a similar manner to 

Figure 49.  

 

Figure 49: Electricity Poles with Luminaires 

As there are more frequent stobie poles east of Hackney Road than west, where there are 

spans greater than 45m between lights along the west of Hackney Road, a new lighting 

column will be added in between to satisfy the design spacing requirements. This will also 
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allow for sufficient lighting for Hackney Road after the removal of the dual luminaire street 

lights located centre of Hackney Road. 

Lastly, when overlooking the existing street lights located between the Bundeys/Hackney 

Road intersection and Cambridge Street/Hackney Road intersection, it’s also certain that all 

of them will be affected by the tunnel alignment. The difference in design here is there will 

not be existing stobie poles west of Hackney Road between these two intersections as the 

powerlines have been relocated as explained in Section 3.6.3. A single luminaire will be added 

to the new stobie poles located east of Hackney Road as part of the powerline relocation as 

well as new lighting columns will be added north of intersections, Richmond Street/Hackney 

Road and Oxford Street/Hackney Road. For west of Hackney Road where there are no stobie 

poles, new lighting columns will be placed at an average of 30m, 0.7m away from the kerb 

from north of the Richmond Street/Hackney Road intersection to Cambridge Street/Hackney 

Road intersection. This will suffice lighting for this section of Hackney Road after the removal 

of the dual luminaire street lights. 

3.7.4 IMPACTS 

In regards to the solution described in Section 3.7.3 there will be minimal lighting down a 

section of Hackney Road. This will have an impact on all motorists and pedestrians using 

Hackney Road. The reasoning behind this is because the new lighting column between 

intersections, Richmond Street/Hackney Road and Bertram Street/Hackney Road cannot be 

installed until the sheet piling is completed as this is the location at which the tunnel 

alignment intersects Hackney Road. Therefore, this will result in the removal of the existing 

street lights between these two intersections without the addition of new lights causing a 

shortage of illumination for this section of Hackney Road. To ensure safety precautions are 

met for motorists, temporary lighting in the form of Figure 50 will be utilised during the time 

of the sheet piling until the permanent lighting column can be installed. 
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Figure 50: Temporary Construction Lighting (Coats Hire 2017) 

The design described in Section 3.7.3 also influences other Departments associated as part of 

this project. The street lights have been relocated to areas congested with trees similar to 

that of overhead power relocation. Therefore, any tree that acts as a major obstruction must 

be removed by action of the Environmental Department who will also have to organise and 

co-ordinate planting of new trees to substitute the ones that were removed. It should be 

noted that any trees that require relocation due to street lights is not in addition to works 

associated with relocating overhead powerlines and tunnel construction. 

3.7.5 CONSTRUCTION METHODOLOGY 

All constructions work regarding relocation of road lighting services will be carried out in 

accordance with AS/NZS 1158. The six main stages of construction will include: 

 Stage 1: Relocate the affected street lights on Mann Street and Bundeys Road; 

 Stage 2: Install luminaires to the existing electricity poles and remove street lights 

within the median strip south of the Cambridge Street/Hackney Road intersection; 

 Stage 3: Install new lighting columns from the Bertram Street/Hackney Road 

intersection to Cambridge Street/Hackney Road intersection; 

 Stage 4: Set up temporary lighting between the Richmond Street/Hackney Road and 

Bertram Street/Hackney Road intersections;  

 Step 5: Remove affected street lights from south of the Bundeys/Hackney Road 

intersection. 

 Stage 6: Install permanent lighting columns in place of the temporary lighting 
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Stage 1: Relocate the affected street lights on Mann Street and Bundeys Road 

Duration of construction: 2 days 

Time of construction: Any time prior to constructing of the tunnel 

The first step will involve relocating the street lights that are in direct line of the tunnel 

alignment. All holes left from the existing lights will have to be backfilled following the 

relocation to promote good safety practices. By relocating these lights early on, any impact 

on the tunnel construction is greatly minimised.  

Stage 2: Install luminaires to the existing electricity poles and remove street lights within 

the median strip south of the Cambridge Street/Hackney Road intersection 

Duration of construction: 5 days 

Time of construction: Any time prior to the commencement of Hackney Road widening 

This step will involve relocating all the lighting south of Cambridge Street/Hackney Road 

intersection so the road widening can commence. The luminaires will be installed and 

considered active before the removal of the median strip lighting to ensure there is sufficient 

illumination for motorists for this section of Hackney Road. This work will be completed both 

during day and night hours. 

Stage 3: Install new lighting columns from the Bertram Street/Hackney Road intersection 

to Cambridge Street/Hackney Road intersection 

Duration of installation: 3 days 

Time of installation: Once the overhead powerlines are removed from the western side of 

Hackney Road. 

Once the holes left from the existing stobie poles have been backfilled, new lighting columns 

will be placed on the western side of Hackney Road outside of the area of effect from the 

tunnel alignment. This will be carried out simultaneously with adding luminaries to the stobie 

poles located east of Hackney Road to ensure there is sufficient lighting for the removal of 

the existing lights in step 5. This work will be most completed during night hours. 
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Stage 4: Set up temporary lighting between the Richmond Street/Hackney Road and 

Bertram Street/Hackney Road intersections and  

Duration of Installation: 1 day 

Time of installation: Any time prior to the removal of the existing lights in step 5 

Temporary lighting will be installed to ensure there is sufficient illumination provided for 

motorists and pedestrians while the tunnel construction is underway. 

Stage 5: Remove affected street lights from south of the Bundeys/Hackney Road 

intersection 

Duration of construction: 2 days 

Time of construction: Once there is sufficient lightning down this section of Hackney Road 

This step will involve the removal of all lighting from south of the Bundeys/Hackney Road 

intersection as all the new lighting columns have been installed. Similar to step 1, all holes left 

from removal of these existing lights will be backfilled straight after the removal. 

Stage 6: Install permanent lighting columns in place of the temporary lighting. 

Duration of installation: 1 day 

Time of installation: Once the construction of the tunnel reaches Oxford Street 

When the construction of the tunnel passes the Bertram Street/Hackney Road intersection, 

temporary lighting will no longer be required resulting in the installation of permanent 

lighting columns around the tunnel alignment. This work will be completed during day hours. 
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3.7.6 COSTING 

Table 20: Costing Associated with Relocating Road Lighting 

Road Lighting Relocation 

Item Description Type Amount Unit Rate ($) Total ($) 

Installing new lighting columns 
Supply and 

installation 
18 ea. 1,850 33,300 

Installing new luminaires 
Supply and 

installation 
28 ea. 420 11,760 

Removing existing street lights Labour 32 hrs 59 1,888 

Backfilling holes Labour 2 hrs 59 118 

Item Total  $47,136 

SUBTOTAL $47,136 

Allow Preliminaries    10% 51,850 

Contingencies    10% 57,036 

GST    10% 62,738 

TOTAL $63,901 

 

 DRAINAGE SYSTEM FOR THE TUNNEL 

3.8.1 DESIGN CONSIDERATIONS 

The design of the drainage system for the tunnel has to follow specific standard requirements 

to ensure it can handle the overall volume of water that enters the tunnel. In addition, the 

stormwater drainage system needs to ensure that the impact on traffic and the surrounding 

urban environment is minimized during construction and future operations. There are many 

design considerations that need to be taken into account in this tunnel drainage system, all 

of which are discussed in the sections which follow. 

3.8.1.1 TOTAL INFLOW 

The most important aspect of the drainage system is to calculate the amount of water that 

the system is expected to experience. The total inflow can come from the following sources: 
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 Rainfall and stormwater run-off; 

 Groundwater seepage; 

 Tunnel wall washing; 

 Accidental spillage of fuel from damaged vehicles and the wash-down of such 

products; 

 Operation of fire suppression systems; 

 Accidental rupture of pumped drainage, fire main or hydrant. 

However, the total rainfall and stormwater run-off coming from the surrounding contributory 

catchments will be considered as the main design flow and an average recurrence interval 

(ARI) of 100 years will be used to design the system due to the fact that the tunnel is 

surrounded by an urban environment. The catchments considered in the stormwater 

drainage design are the areas located at the entrance and the exit of the tunnel, as well as 

the areas adjacent to the tunnel entrance and exit.  

3.8.1.2 HOW TO CAPTURE THE WATER 

Due to the long alignment of the tunnel, capturing the stormwater poses a significant 

challenge. The design has to ensure that it is the most effective way to collect all of the water 

flowing into the tunnel. In addition, the system should be installed in a manner that enables 

it to be easily maintained and repaired in the future. The design also has to follow specific 

requirements for the safe and efficient design of pipes and stormwater entry pits.  

3.8.1.3 ENVIRONMENTAL CONSEQUENCES 

There is a high likelihood that the stormwater that flows into the new tunnel drainage system 

will be polluted. The water will become polluted due to a number of reasons such as road 

operation and tunnel wash-down water. Therefore, before being released into the river, this 

water has to pass through a design treatment to eliminate or reduce the pollutants entering 

the watercourse. The design treatment is expected to be the most efficient way of mitigating 

the pollution in the stormwater. The methods that will be considered to treat the stormwater 

can be found in the Guide to Road Design – Part 5: Drainage Design (Austroads 2008a). 
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3.8.1.4 OTHER CONSIDERATIONS 

Due consideration was also given to the following: 

 Total costings and timeframe for the design; 

 Occupational safety issues in construction, operation and maintenance; 

 Consequences of failure of the system; 

 Placing fame traps along the drainage system, to prevent the possibility of fire 

spreading due to flammable liquid spillage. The flame traps will be integral with the 

drainage pits and their spacing will be in accordance with the AS 4825: 2010. 

3.8.1.5 USED GUIDES AND STANDARDS 

The guides and standards used as part of the drainage system for the tunnel are listed below: 

• Austroad 2010: Guide to Road Tunnels Part 2: Planning, Design and Commissioning; 

• Austroad 2008: The Guide to Road Design – Part 5: Drainage Design;  

• Storm Drainage Design in Small Urban Catchments – John Argue, 1986; 

• Australian Standards AS/NZS 3500.3:1990: Part 3 – Stormwater Drainage; 

• DPTI Road Design Standards and Guidelines – Stormwater Design; 

• AS/NZS 3725:2007 Design for Installation of Buried Concrete Pipes; 

• AS/NZS 2566.2:2002 Buried Flexible Pipelines Part 2 – Installation. 

3.8.2 DESIGN SOLUTION 

As can be seen in Figure 51, there are two major existing stormwater systems running parallel 

to the alignment. According to the pipe data which was obtained from Location SA Viewer, 

the diameter of these pipes are very large. The pipe parallel to Park Road is 1575mm while 

the pipes along the western side of Hackney Road are 825mm in diameter. In addition, 

because the pipes and pits that are affected on Park Road will be relocated, the total water 

flowing into the major system parallel to Park Road will decrease. Therefore, the stormwater 

in the tunnel could be designed to connect with the existing pipes that currently discharge 

stormwater into the River Torrens. 
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For a more in-depth discussion of the stormwater pits and pipes that are affected by the new 

tunnel alignment, please refer to Section 3.2.  

 

Figure 51: Existing Stormwater Infrastructure in the Project Area 
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The drainage system design for the tunnel will include a system of detention tanks, pits and 

pipes. Pits will be installed at the entrance and exit of the tunnel to collect the majority of 

stormwater. When it rains, the O-Bahn buses will carry water into the tunnel, but water may 

also be present in the tunnel due to firefighting operations. Therefore, along the tunnel 

alignment, there will be drainage grates and pits to collect water inside the tunnel. The 

stormwater will then be carried by a graded pipe system into detention tanks where the 

stormwater will be pumped into the existing stormwater network before being discharged 

into the River Torrens. Also before discharging the stormwater into the River Torrens, water 

will be treated by gross pollutant traps.  

To design the diameter of the drainage pipe and size of the tanks, the design flow was first 

calculated according to Storm Drainage Design in Small Urban Catchments – John Argue, 

1986. The design flow was based on the chosen contributory catchments and rainfall data for 

a 100 years ARI. The grade of the pipes will be designed to a grade of at least 0.5%. Also, 

according to Table 4.2 of AS 4825: 2011 – Tunnel Fire Safety, flame traps must be installed for 

drainage protection in the tunnel and they can be integrated into the drainage pits. Please 

refer to Drawings 0045-WS-2017 and 0046-WS-2017 for the detailed design drawing of the 

tunnel stormwater drainage system. 

3.8.2.1 DESIGN CATCHMENTS 

The design catchments are one of the most important factors in determining the total flow 

into the tunnel. From the topographic map in Location SA Viewer, it can be seen that the 

height of the natural land surface decreases from the northern end of the tunnel to River 

Torrens and from the southern of the tunnel to River Torrens. Therefore, it could be assumed 

that the rainfall and stormwater run-off will flow into the tunnel from the northern and 

southern directions. After reviewing the tunnel alignment, the areas which were found to 

contribute to the amount of stormwater entering the tunnel include the entrance and exit of 

the tunnel as well as from the road area above the tunnel. However, it was assumed that the 

stormwater on the road surface will all be collected by the drainage system that is currently 

located under the project area. With the use of Location SA Viewer to determine the possible 

flow directions and discussion with Water Resources experts, the main design catchments 
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could be defined and detailed in Table 21. According to that, there are two main catchments, 

one at the northern end of the tunnel and one at the southern end of the tunnel.  

The catchment at the northern end of the tunnel is 100% pervious, has a total area of 1.01ha 

and is shown in Figure 52. This area is covered by the O-Bahn ramp, Park Terrace, Simpson St 

and Gilmore St. The second catchment is shown in Figure 53. This catchment has a total area 

of 0.74ha and is 50% pervious and 50% impervious. This catchment covers the areas within 

Bertram St to Oxford St. 

 

Figure 52: Contributory Area to the Entrance of the Tunnel 

 

 

Figure 53: Contributory Area to the Exit of the Tunnel 
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Table 21: Catchment Properties 

Catchment names Total area (ha) % of impervious area % of pervious area 

At the entrance (1) 1.01 100% 0% 

At the exist (2) 0.74 50% 50% 

    

 

3.8.2.2 EFFECTIVE RUNOFF COEFFICIENT FOR 100 YEAR ARI 

Note:  

 C = 0.9 for impervious area and C = 0.1 for pervious area 

 ARI frequency factor: F100 = 1.2 

Table 22: Effective Runoff Coefficient 

Catchments 𝑪 = 𝑨𝟏𝑪𝟏 + 𝑨𝟐𝑪𝟐 𝑪𝟏𝟎𝟎 = 𝑭𝟏𝟎𝟎 ∗ 𝑪 

1 0.9 1.08 

2 0.5 0.6 

3.8.2.3 RAINFALL DATA 

The rainfall data was obtained via the Bureau of Meteorology (BOM) and is shown in Table 23 

below.  

A storm duration of t = 20minutes was assumed and this allowed the rainfall intensity to be 

calculated. The rainfall intensity value is shown below. 

𝐼100𝑦𝑟𝑠,20𝑚𝑖𝑛𝑠 = 91.4 𝑚𝑚/ℎ𝑟 

Table 23: Rainfall Intensity at Different Durations 

Duration 100 years Average Recurrence Interval 

5Mins 182 

10Mins 133 

20Mins 91.4 

30Mins 71.6 
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3.8.2.4 FLOW RATE  

To determine the flow rate entering the tunnel, the rational method was used as this has 

proven to be the best method for calculating flow in urban drainage design. The formula that 

was used as part of the rational method is shown below:  

𝑄 =
𝐶 ∗ 𝐼 ∗ 𝐴

360
 

Where, 

Q = Stormwater Flow Rate (m3/s) 

C = Runoff Coefficient 

I = Rainfall Intensity (mm/hr) 

A = Catchment Area (ha) 

 Catchment 1 

Runoff Coefficient: 1.08 

Rainfall Intensity:  91.4 mm/hr 

Contributing Area: 1.01 ha 

Design Flow Rate: 0.28 m3/s 

 Catchment 2 

Runoff Coefficient: 0.6 

Rainfall Intensity:  91.4 mm/hr 

Contributing Area: 0.74 ha 

Design Flow Rate: 0.11 m3/s 

3.8.2.5 PIPE DIAMETER 

The diameter of the pipes for the drainage system were determined using Manning’s flow 

formula. This formula is shown below 

𝑄 =
𝜋 ∗ 𝐷2

4
∗

1

𝑛
∗ 𝑅2/3𝑆1/2 

Where: 

Q = Stormwater flow rate (m3/s) 

D = Diameter of the pipe (m) 
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R = D/4 = Hydraulic radius (m) 

n = roughness coefficient = 0.013 for concrete 

S = 0.01 = longitudinal slope 

The results of using this formula are summarised below: 

 Diameter of the pipe at the entrance of the tunnel to the River Torrens = 450mm 

 Diameter of the pipe from the exit of the tunnel to the River Torrens = 375mm 

Class 4 ROCLA Butt Joint Jacking Pipes will be used for the drainage system inside the tunnel 

and these pipes will be installed at a minimum cover depth of 600mm.  

3.8.2.6 DETENTION TANKS 

To help reduce the risk of flooding in the tunnel, one of the main aims of the stormwater 

design was to ensure the detention tanks had enough capacity to store and pump out the 

stormwater collected from surrounding catchments in the event of a heavy and prolonged 

rainfall. To achieve this aim, the drainage system and size of the detention tank have been 

designed for a 100year ARI. ROCLA Box Culvert detention tanks were used for the design of 

the stormwater drainage system. In this design, it was assumed that the longest storm 

duration for a 100year ARI storm event is 6 hours. Based on this, rainfall intensity (I) was found 

to equal 13.7mm/hr as provided by the BOM. After establishing this information, the 

maximum volume of water could be determined using the Rational Method formula shown 

below. 

𝑄 =
𝐶 ∗ 𝐼 ∗ 𝐴

360
 

 For Northern Detention Tank: 

Contributing Area = 1.01ha 

Tank Size Required = 149m3 

ROCLA Tank Size = 3600 x 2400 x 8500mm (2 tanks) 

 For Northern Detention Tank: 

Contributing Area = 0.74ha 

Tank Size Required = 120m3 

ROCLA Tank Size = 3600 x 2400 x 7000 (2 tanks) 
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3.8.2.7 PUMP 

The design and installation of pumps into the detention tanks will be in accordance with 

AS/NZS 3500.3: 2015. Part 3 – Stormwater Drainage. This standard details the following 

requirements: 

 Pumps are to be installed in duplicates to ensure there is still a pump operational in 

the event that that one of the pumps get broken down; 

 Corrosion-resistant fixings are to be used in all pumps; 

 The number of starts per hour must be limited to the capacity of electrical motors. 

For this drainage system ABS Submersible Pumps will be used to pump the stormwater into 

the existing system. An example of this pump is shown below in Figure 54.  

 

 

Figure 54: ABS Submersible Pump 

3.8.2.8 GRATED PITS 

As previously mentioned in Section 3.8.2, grated pits will be installed at the entrance and exit 

of the tunnel as well as along both sides of the tunnel along the tunnel alignment to catch all 

stormwater that makes its way into the tunnel. At the northern end of the tunnel where the 

existing O-Bahn track is located, 2 grated pits will be installed. This will be replicated for the 

southern part of the tunnel with tunnel comes back to grade along Hackney Road. 

Furthermore, the pits on the eastern side of the tunnel will be connected with the pits on 

western side by graded pipes and all of the water will run into the detention tanks.  

The size of the detention tanks will be as follows:  

 For the entrance of the tunnel, the drainage pipe diameter is 450mm which means 

the pit size must be 600mm x 600mm x 600mm 
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 For the catchment pit at the exit of the tunnel, the drainage pipe diameter is 375mm, 

so the pit size is also 600mm x 600mm x 600mm 

 The internal size for the pits inside the tunnel is 600mm x 600mm x 600mm 

 

Figure 55: Standard Galvanized Grate 

 

3.8.2.9 FLAME TRAP 

Flame traps will be integral with drainage pits to prevent flammable liquid from spilling into 

the stormwater drainage pipes, therefore all of the pits in the tunnel must be flame proof. 

The provision and spacing of flame traps will be in accordance with the AS 4825: 2011 – Tunnel 

Fire Safety. To catch any flammable liquids a flame arrestor of wire gauze will be placed within 

the pits. 

 

Figure 56: Wire Gauze Flame Arrestor 

3.8.2.10 GROSS POLLUTION TRAP (GPT) 

Gross pollution traps will also be installed at both entrance and exit points of the tunnel. The 

traps will discharge the treated water directly into the River Torrens. High Flow Ecosol In-Line 

GTPs will be used for the design as they proved to be the most durable and cost-effective 

treatment system for the design. A summary of the GPTs used in the design is provided below: 
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 Since the diameter of the pipe at the tunnel entrance is 450mm and the design flow is 

0.28m3/s a GPT 4600 was chosen for the tunnel entrance. The dimension of this GPT 

is 4500mm x 1950mm x 1350mm; 

 Since the diameter of the pipe at the tunnel exit is 375mm and the design flow is 0.11 

m3/s, a GPT 4200 was chosen for the tunnel exit. The dimension of this GPT is 2200mm 

x 900mm x 750mm. 

Table 24: Capture Efficiencies for High Flow Ecosol GPT 

Performance Criteria - High Flow Ecosol GPT (In-Line) 

Pollutants Capture Efficiency (Up to) 

Gross Pollutants (>2000µm) 99% 

Total Suspended Solids (TSS) (20-2000µm) 55% 

Total Phosphorous (TP) 40% 

Total Nitrogen (TN) 40% 

Total Petroleum/Hydrocarbon 99% 

 

Table 25: Design Ecosol GPT, Dimensions and Holding Capacities 

Ecosol 

Product Code 

Inlet/Outlet 

Pipe Diameter 

Approx. External 

Dimensions 

(L x W x D from invert) 

Holding Capacities 

Solid 

Pollutants 

Free Oil and 

Grease 

Water 

(mm) (m3) (litres) (litres) 

GPT 4600 300-1200mm 4500 x 1950 x 1350 2.43 2,994 7,211 

GPT 4200 Up to 375mm 2200 x 900 x 750 0.23 268 667 

3.8.2.11 MUSIC MODELLING FOR GPT 

A MUSIC model was created to assess how efficient the GPTs are in removing pollutants 

expected to enter the stormwater tunnel drainage system. The MUSIC model was developed 

following guidelines from the EcosolTM Gross Pollutant Trap Technical Specification Table 26 

and Table 27 display the results of the music model. These results further highlight the 

effectiveness of the GPTs at the discharge points. 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 162 | 708 

Version 2.0 

 

Table 26: Effectiveness of the GPT at the Southern End of the Tunnel 

 Sources Residual Load % Reduction 

Total Suspended Solids (kg/yr) 156 106 33.8 

Total Phosphorus (kg/yr) 0.363 0.283 25.1 

Total Nitrogen (kg/yr) 3.00 2.81 7.2 

Gross Pollutants (kg/yr) 49.9 0.00 100 

 

Table 27: Effectiveness of the GPT at the Northern End of the Tunnel 

 Sources Residual Load % Reduction 

Total Suspended Solids (kg/yr) 550 440 17.2 

Total Phosphorus (kg/yr) 1.01 0.892 11.5 

Total Nitrogen (kg/yr) 7.46 7.21 2.2 

Gross Pollutants (kg/yr) 110 0.00 100.0 

 

3.8.3 CONSTRUCTION METHODOLOGY 

The installation of the stormwater drainage system for the tunnel can be conducted at the 

northern and southern ends of the tunnel at the same time. After the entire stormwater 

system is installed, it will need to be tested to identify any problems that need fixing. All of 

the works will be finished before the tunnel is constructed. The action plan can be divided 

into 6 stages as following: 

 Stage 1: Trenching for pipes and pits; 

 Stage 2: Installation of pipes, pits and drainage grates; 

 Stage 3: Installation of Detention Tanks, Pumps and Gross Pollution Traps; 

 Stage 4: Connecting drainage pipes with tanks, GPTs and with the main stormwater 

system; 

 Stage 5: Backfill and reinstatement of the surface; 

 Stage 6: Testing the stormwater system. 
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Stage 1: Trenching for pipes and pits 

Duration of trenching: 3 days 

Time period within project: Any time prior to construction 

Guide: Section 5.4.1 of AS 3500.3 – 1990 National Plumbing and Drainage Code, part 3 - 

Stormwater drainage 

The trenching required to install Rubber Ring Joint Pipes and Jacking Pipes underground 

follow the same methodology as in Section 3.2.5 for Stormwater Relocation.  

Table 28: Recommended Trench Width 

Pipe Diameter (mm) Minimum Trench Width (mm) 

16-63 150 

75-110 250 

125-315 500 

355-500 700 

The bedding materials used for the trenching must follow Australian Standards AS2566.2.  

Please refer to Drawings 0045-WS-2017 and 0046-WS-2017 for the detailed locations and 

Drawings 0047-WS-2017 and 0048-WS-2017 for pipe diameters and long sections. 

Stage 2: Installation of pipes, pits and drainage grates 

Duration of installation: 3 days 

Time period within project: After the trenching 

The installation of Jacking Pipes is described in Figure 57 below. 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 164 | 708 

Version 2.0 

 

Figure 57: Typical Pipe Jacking Set-Up 

The pipes and pits will first need to be laid into the trenches and the downstream and 

upstream design invert levels will then need to be checked. To connect the pipe to the pits, 

the size and location of the pipe will need to be highlighted on the pit walls. The marked area 

on the pit can then be removed. Once this has been completed, the pipe will be placed into 

the penetration and cut to be flush with the internal wall of the pits. 

After the pits are installed, flame arrestors of wire gauze will be placed on the bottom side of 

the pits to catch any flammable objects. Drainage grates can then be placed on top of the pits.  

Stage 3: Installation of Detention Tanks, Pumps and Gross Pollution Traps 

Duration of installation: 10 days 

Time period within project: After the drainage system in the tunnel is finished 

Firstly, trenching will need to occur at the entry and exit locations of the tunnel to allow 

enough space for the detention tanks and GPTs to be installed. The detention tanks can then 

be placed below the drainage pipe elevations so that all of the stormwater can flow (by 

gravity) into the tanks.  

A gross pollution trap will then need to be installed and connected to the tank as well as the 

existing stormwater system. This GPT will enable the water to be treated before it is pumped 

into the existing system and discharged to the River Torrens.  
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Stage 4: Connecting the tunnel drainage system to the major stormwater system 

Duration of installation: 5 days 

Time period within project: After stage 3 

For the section of the tunnel North of the River Torrens, stormwater from the tunnel will be 

discharged into the large 1575mm pipeline on the western side of the tunnel. For the section 

of the tunnel South of the River Torrens, stormwater from the tunnel will be discharged into 

the 825mm pipe along the western side of Hackney Road. Since the existing drainage system 

is a major system consisting of pipes ranging in size from 825mm to 1575mm, the existing 

system has sufficient capacity to handle the water being pumped out from the tunnel. To 

connect the tunnel drainage system with the major existing system, a pipe will be installed to 

connect the GPTs with existing pits in the project area. 

Stage 5: Backfill, compaction and reinstatement of the surface 

Duration of installation: 2 days 

Time period within project: After the whole underground drainage system is finished 

After completing stage 4, the excavated areas will need to be backfilled and compacted to the 

specified density. Compaction levels are to be in accordance with Australian Standards 

AS/NZS 2566.2: 2002 – Buried Flexible Pipelines Part 2: Installation. 

Stage 6: Testing the system 

Duration of installation: 1 day 

Time period within project: After the system is totally finished 

According to Section 8 of AS 3500.3 – 1990 National Plumbing and Drainage Code, Part 3 - 

Stormwater Drainage, the stormwater system will need to be tested by conducting air tests 

or water tests to determine whether the system satisfies the design criteria. The 

methodologies and criteria for both tests are shown in detail in the Section 8.3 AS 3500.3 – 

1990.  
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3.8.4 COSTING 

Table 29: Total Costing for the Tunnel Drainage System 

Drainage System for Tunnel 

Item Description Type Amount Unit Rate ($) Total ($) 

Trenching for 450mm pipes Equipment & Labour 120.09 m3 194.5 23,357 

Trenching for 375mm pipes Equipment & Labour 67.19 m3 194.5 13,068 

Trenching for 150mm pipes Equipment & Labour 60 m3 194.5 11670 

Trenching for pits Equipment & Labour 2.88 m3 194.5 560 

Excavation for Detention Tanks Equipment & Labour 287.84 m3 67.3 19,371 

Excavation for GPTs Equipment & Labour 15 m3 67.3 1,009 

ROCLA RRJ Class 4 concrete pipe 450mm Supply 207 m 215 46,225 

ROCLA RRJ Class 4 concrete pipe 375mm Supply 167 m 155 25,885 

ROCLA Jacking Pipe Class 4 concrete pipe 150mm Supply 60 m 95 5,700 

600x600x600 concrete grated pit Supply 10 no. 250 2,500 

ROCLA Culvert Detention Tank 

(3600x2400x8500mm) 
Supply 2 no. 27 000 54,000 

ROCLA Culvert Detention Tank (3600x2400x7000) Supply 2 no. 25 000 50,000 

Ecosol Gross Pollutant Trap 

(4500mmx1950mmx1350mm) 
Supply 1 no. 24 000 24,000 

Ecosol Gross Pollutant Trap 

(2200mmx900mmx750mm) 
Supply 1 no. 21 500 21,500 

ABS Submersible Wastewater Pumps Supply 4 no. 850 3,400 

Pipes jointed Equipment & Labour 6 no. 35 210 

Install pipe to pits Equipment & Labour 30 no. 250 7,500 

Backfill Equipment & Labour 302 m3 64 19,328 

Compaction Equipment & Labour 151 m2 2.5 377 

Restoration road surface Equipment & Labour 16 hrs 300 4800 

Testing system Equipment & Labour 1 no 2500 2,500 

Labour  2515 hrs 51 128,265 

Item Total     $ 312,328 
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SUBTOTAL $ 312,328 

Allow Preliminaries    10% 343,560 

Contingencies    10% 377,916 

GST    10% 415,707 

TOTAL $ 415,707 
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 ADDITIONAL TUNNEL SERVICES 

The main aim of incorporating tunnel services into the design of the new O-Bahn tunnel is to 

provide a safe, efficient, effective and comfortable environment for users of the O-Bahn bus 

service. To meet this aim, the following services will need to be included into the tunnel 

design: 

 Lighting 

 Ventilation 

 Emergency services 

The sections that follow discuss the lighting design and detail the design requirements and 

aims of the above services. The luminance requirements and location of the ventilation fans 

have been shown in Drawing 0049-WS-2017. In regards to emergency services, their locations 

have not been detailed. Further assessment will be required by qualified fire safety engineers 

to ensure the emergency services are placed in locations that are suitable for emergency 

situations. 

3.9.1 LIGHTING 

The lighting for the tunnel was designed in accordance to AS/NZ 1158.5:2014 – Lighting for 

roads and public spaces – Part 5: Tunnels and Underpasses. As part of the design, the tunnel 

entrance needed sufficient lighting to prevent drivers of the O-Bahn buses from experiencing 

the ‘black hole effect’. The ‘black hole effect’ describes a driver’s poor visibility of the tunnel 

upon entry, causing drivers to have a lack of confidence when approaching the tunnel. This 

can cause drivers to slow down, increasing the risk of rear-end collisions. Therefore, due 

consideration was given to ensuring there is sufficient lighting at the tunnel entrance. As well 

as having the correct lighting level, the total visual environment within the tunnel such as the 

reflectivity, brightness and luminance of the road and tunnel walls was considered in the 

design. Additional factors were deemed to have an effect on the initial and long-term viability 

of the lighting design. These included the following: 

 Lifetime, reliability, effective maintenance regime; 

 Efficiency and energy consumption of the design; 

 Lifecycle cost of the lighting design; 
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 The flicker effect from luminaries; 

 Glare control. 

The lighting category used to design the light for the new tunnel was based on the structural 

and traffic characteristics of the road element associated with the tunnel. To aid in 

determining these characteristics, the flow diagram in Figure 58, as well as Table 2.1 of AS/NZ 

1158.5:2014 was used. As a result, the lighting category was found to be TU1 as the entire 

tunnel length requires full lighting treatment during both daytime and night-time (structural 

characteristic). Note that the red line in Figure 58, shows the path which was taken to 

determine the lighting category for this design. 

 

Figure 58: Determining the Lighting Scheme Requirements for the Tunnel 
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After establishing TU1, the design of the tunnel lighting was split into 5 main zones and the 

luminance in each zone was calculated. These zones are listed below and are summarised in 

Figure 59. 

 Access Zone Luminance 

 Threshold Zone Luminance 

 Transition Zone Luminance 

 Interior Zone Luminance 

 Exit Zone Luminance 

 

Figure 59: Design Zones Within a Tunnel 

The luminance values associated with these particular zones are the minimum values required 

to be maintained at all times to ensure compliance with AS/NZ 1158.5:2014.  

3.9.1.1 ACCESS ZONE LUMINANCE (L20) – AS/NZ 1158.5:2014, CL 3.3.1  

The luminance value in the access zone luminance was calculated via the luminance element 

method. To use this method, the Stopping Sight Distance (SSD) had to be obtained first. Based 

on the tunnels 80km/h speed limit, the minimum SSD value was given as 114m in Table 2.2 of 

AS 1158.5:2014. However, this value was rounded to the nearest 5m (to 115m) to be 

conservative. As part of the luminance element method, our design team then had to develop 

a 20o field of view as seen at the SSD from the tunnel entrance. This was achieved directly 

through the use of google maps. The view could then be divided into areas of various 

structural and environmental elements as shown in Figure 60. Note that the labels A – F in 

Figure 60 indicate the various structural and environmental elements. Luminance values were 

applied to each of these areas using tables H1 and H2 of AS11582.5:2014. Table 30 below 

summarises the luminance values for the various different elements. 
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Figure 60: 200 Field of View Divided into Luminance Eelement 

Table 30: Luminance Values for Structural, Environmental and Sky Elements 

Element Area of segment (A) (m2) Luminance of element (L) 

(cd/m2) 

A*L (cd) 

Sky 300 15,000 4,500,000 

A 1,100 7,000 7,700,000 

B 300 2,000 600,000 

C 50 2,000 100,000 

D 300 2,000 600,000 

E 200 7,000 1,400,000 

F 250 2,000 500,000 

Total 2500 - 15,400,000 

 Note: The luminance values were dependent on the driving direction in which Figure 

60 was obtained. Therefore, since Figure 60 is a driver’s field of view when driving away 

 
A 

B C D 

E 

F 

Tunnel 

Entrance 
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from the city via Hackney Road, the luminance values were based on a North driving 

direction. 

From the values in Table 30, the following formula was used to determine the access zone 

luminance: 

 𝐿20  =  𝛴𝐴𝐿/𝐴 

Based on this formula, the access zone luminance was found to be 6160cd/m2. In addition, 

the length of the access zone was found to be equal to the SSD as stated in AS/NZ 

1158.5:2014. 

3.9.1.2 THRESHOLD ZONE LUMINANCE (LTH) – AS/NZ 1158.5:2014, CL 3.3.2 

The luminance in this zone was determined using the following formula: 

 𝐿𝑡ℎ = 𝑘 ∗ 𝐿20  

Where k = 0.07 was obtained from Table 3.1 of AS11582.5:2014 by using linear interpolation. 

Based on this formula, the threshold zone luminance was found to be 431cd/m2.  

In regards to the length of the threshold zone, this was taken to be equal to the SSD. Over the 

first half of this distance, the luminance value was taken as 431cd/m2, while over the second 

half of this distance, the luminance was designed to gradually decrease to the value obtained 

from the following formula:  

 𝐿𝑡𝑟 = 𝐿𝑡ℎ (1.9 + 𝑡)−1.4 

Where t=0 at the end of the threshold zone. 

Note that the luminance value in this zone was purposefully designed gradually decrease to 

ensure that the design was efficient, as it will enable the long-term costs associated with 

energy consumption to be minimised. Moreover, based on the above formula, the luminance 

at the end of the threshold zone, which represents the luminance at the start of the transition 

zone, was found to be 175 cd/m2. 

3.9.1.3 TRANSITION ZONE LUMINANCE (LTR) – AS/NZ 1158.5:2014, CL 3.3.3 

In this zone, the luminance value of 175 cd/m2 was designed to decrease gradually towards 

the end of the transition zone where the final luminance in this zone is given by the luminance 

in the interior zone (see below for this calculation). The length in which this decrease occurs, 
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and ultimately the length of the transition zone itself, was dependant on a number of factors. 

However, a conservative approach was taken to assume the length of the zone to be 20% 

larger than the SSD. Hence, the length of the transition zone was calculated as 138m.  

3.9.1.4 INTERIOR ZONE LUMINANCE (LIN) – AS/NZ 1158.5:2014, CL 3.3.4 

In this zone, the road surface luminance was designed to remain constant to ensure the safety 

of the O-Bahn users. Also for safety purposes, the luminance value had to be greater than 

that given in Table 3.2 of AS/NZ 1158.5:2014. For an operating speed of 80km/h, the average 

luminance in the interior zone based on Table 3.2 was given as 𝐿 = 8cd/m2. Since there was 

no additional data to obtain a more refined calculation, a conservative approach was taken 

to increase this luminance value to 20cd/m2. Furthermore, the tunnel does not satisfy the 

condition of a ‘very long tunnel’ and as a result, the interior zone luminance did not need to 

be split into two separate zones. Therefore, the length of the interior zone (Lengthin) was 

determined using: 

𝐿𝑒𝑛𝑔𝑡ℎ𝑖𝑛 = 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 (𝑡𝑢𝑛𝑛𝑒𝑙 − 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 𝑧𝑜𝑛𝑒 − 𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑧𝑜𝑛𝑒 −  𝑒𝑥𝑖𝑡 𝑧𝑜𝑛𝑒) 

Where the length of the exit zone = SSD = 115m. 

Based on this formula, the length of this zone was found to be 478m. 

3.9.1.5 EXIT ZONE LUMINANCE (LEX) – AS/NZ 1158.5:2014, CL 3.3.5 

One of the main purposes of this zone is ensure drivers leaving the tunnel have a sufficient 

amount of light in their rear-view mirrors. Because this tunnel lies in category TU1, the road 

surface luminance had to increase linearly to a value of 5 times that in the interior zone over 

a length equal to the SSD. Based on this, the exit zone luminance was determined as 

100cd/m2. 

For a summary of the luminance requirements, please refer to Drawing 0049-WS-2017. 

3.9.1.6 LIGHTING USED AND THEIR LOCATIONS 

FlowLine LED unit BFB330 lights will be used throughout the tunnel due to their proven 

performance in existing tunnels and their compliance with AS/NZ 1158.5:2014 (Philips 2015). 

These lights also comply with the roadmaps lighting system specified in the Environmental 

Impact Statement (EIS). This means that certain lights can be adjusted to lower or higher 
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levels to meet the gradual decrease or increase in luminance requirements in the 

aforementioned zones. Furthermore, the dimensions of this light have been provided in 

Figure 61. Please see Figure 147 in Appendix B for the full specifications of this light. 

 

Figure 61: FlowLine LED Unit BFB330. Note that all Dimensions are in mm (Philips 2015). 

To meet the luminance required for inside the tunnel, these BRB330 lights will be attached to 

the ceiling above each lane at a spacing of 5m. Also, to meet the access zone luminance 

requirements and mitigate the ‘black hole effect’, lighting has been provided just outside both 

tunnel entrances.  

One of the major benefits of this type of LED lighting is that it creates a clear bright white light 

so that objects are illuminated in their true natural colours. This optimises perception and 

minimises the anxiety that can be caused when entering tunnels where the lighting solutions 

give of yellow light (Philips 2015). Such contrasting situations are shown in Figure 62. 

 

Figure 62: LED Tunnel Lighting Vs. Conventional Tunnel Lighting (Philips 2015) 
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3.9.2 VENTILATION 

For ventilation fans to be successful inside the tunnel, they must keep the internal air quality 

to below the design criteria for air pollutants at any time during the tunnels lifetime, including 

in emergencies. This criteria is specified by the South Australian Environmental Protection 

Authority (EPA SA) and is listed in Table 31 below. 

Table 31: Design Criteria for Air Pollutants (AECOM 2015) 

Pollutant Concentrations (µg/m3) 

PM10 (24-hour period) 50 

PM2.5 (24-hour period) 25 

NO2 (1-hour period) 113 

CO (1-hour period) 29,000 

VOC (3-minute period) 53 

 

With guidance from Section 9 of the Austroads Guide to Road Tunnels Part 2: Planning, Design 

and Commissioning, a ventilation system was designed for the tunnel to ensure the internal 

air quality would be lower than the concentrations specified in Table 31. This guide not only 

specifies the factors affecting ventilation system performance such as meteorological effects, 

topography and ambient wind conditions, but it also recommends the features of fans 

necessary for system safeguards to ensure they remain operational under all circumstances. 

After giving due consideration to these factors specified by the Austroads code, a longitudinal 

ventilation system that comprises a total of 4 Korfmann dAL 8-150 axial flow fans was chosen 

for the tunnel. As shown in Drawing 0049-WS-2017, these will be installed on the tunnel 

ceiling in the middle of both lanes at an even spacing of 170m. Since the prevailing winds in 

Adelaide come from the South, the fans will be positioned to blow air to the North as this will 

result in minimal air flow resistance. The Korfmann fans selected for the tunnel are both flame 

proof, explosion proof and are designed to provide fresh air quality, whilst removing the 

pollutants, heat and humidity from the tunnel with a volumetric flow rate of 16m3/s. Another 

major advantage of these fans is that their wind blowing direction can be reversed in the 

event of an emergency to push smoke away from where pedestrians are located (Korfmann 

2013).  
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As the buses are not anticipated to stop regularly, they will flow freely within the tunnel, 

meaning vehicle emissions will not be significantly high, allowing the tunnel to be self-

ventilating most of the time. This, combined with the 80km/hr speed limit and short tunnel 

length will allow the above said placement and properties of these fans to mitigate air 

pollution to guarantee that the internal air quality does not exceed the target air quality levels 

in Table 31. Please see Figure 148 in Appendix B for further details of the Korfmann dAL 8-150 

axial flow fans. 

3.9.3 EMERGENCY SERVICES 

In addition to ventilation, emergency services also have to be incorporated into the tunnel 

design to protect the health and safety of all users of the O-Bahn bus service in the event of 

an unexpected or significant occurrence within the tunnel. All emergency services shall be 

designed in accordance to AS/NZS 4825:2011 - Tunnel Fire Safety to ensure there is an 

adequate level of fire safety for tunnel occupants, firefighters and other emergency services 

personnel. Additional standards to be considered when designing fire detection systems, 

emergency escape lighting, fire hydrants, hose reels and fire extinguishers are also listed 

below: 

 AS 1670.1:2015 – Fire detection, warning control and intercom systems; 

 AS 2293.1:2015 – Emergency escape lighting and exit signs for buildings; 

 AS 2419.1:2005 – Fire hydrant installations; 

 AS 2441:2005 – Installation of fire hose reels; 

 AS 2444:2001 – Portable fire extinguishers and fire blankets: Selection and location. 

In order to specifically tailor these services for the O-Bahn bus tunnel, the physical attributes 

associated with the tunnel and the potential hazards that may arise when the tunnel is put 

into operation need to be identified. Furthermore, the tunnel itself needs classification to 

ensure all services incorporated into the design are relevant to the tunnel being proposed. 

After reviewing Table 4.3 of AS/NZS 4825, the mandatory safety measures to be included in 

the new tunnel are listed below: 

 Break glass fire alarms (BGA); 

 PA pre-recorded and PA-live directed fire alarm systems; 

 Emergency telephones; 
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 Emergency exit doors; 

 Flashing strobe lights; 

 Hose reels; 

 Fire extinguishers; 

 Fire hydrant.s 

Before implementing these services into the tunnel design, further assessment will be 

required by fire safety engineers to ensure their design and positions are suitable and 

effective in the event of an emergency.  

 

3.9.4 COSTING 

Table 32: Costing for Main Tunnel Services 

Main tunnel services 

Item Description Type Amount Unit Rate ($) Total ($) 

Lighting Supply 338 No. 85 28,730 

Lighting installation Labour 40 hrs 30 1,200 

Ventilation Supply 4 No. 1,125 4,500 

Ventilation installation Labour 16 hrs 30 480 

Emergency services Supply 50 No. 100 5,000 

Emergency services installation Labour 80 hrs 27 2,160 

Item Total  42,070 

SUBTOTAL $42,070 

Allow Preliminaries    10% 46,277 

Contingencies    10% 50,905 

GST    10% 55,995 

TOTAL $55,995 

  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 178 | 708 

Version 2.0 

 TOTAL COSTING 

In summary, this project will involve relocating and redesigning mains water, stormwater, gas, 

telecommunications, underground power, overhead power and street lighting to ensure they 

are not impacted by the widening of Hackney Road, as well as the new tunnel alignment. The 

project also involves the design of the stormwater drainage, lighting and ventilation system 

required for the new O-Bahn tunnel. The total costing for all works associated with the design 

and relocation of these services has been summarised in Table 33 below.  

Table 33: Total Costing for all Works associated with the Design and Relocation of Services. 

Total Costing   

 Total ($) 

Mains water supply 491,945 + 336,754 

Stormwater relocation 201,099 

Gas 7,673 

Telecommunications  18,108 + 47,663  

Underground power 54,873 

Overhead Powerlines 38,434 

Road lighting 47,136 

Drainage system for tunnel 312,328 

Additional tunnel services 42,070 

Item Total 1,598,083 

SUBTOTAL $1,598,083 

Allow Preliminaries 10% 1,757,891 

Contingencies 10% 1,933,680 

GST 10% 2,127,048 

TOTAL $2,127,048 
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4 GEOTECHNICAL DEPARTMENT 

 SERVICES BACKFILL DESIGN 

4.1.1 MAINS WATER PIPE PILE 

The 750mm water pipe under Hackney Road will have a cover between 750mm and 1200mm. 

These are the minimum and maximum covers respectively required in accordance with SA 

waters technical standards and guidelines. As this is an existing potable water pipe to be 

relocated the starting and finishing cover levels of the water pipe need to remain consistent. 

Hackney Road finish level being consistent, the existing mains water pipe maintains around  

750mm of cover. Hence where the new relocation pipe will connect to the existing water main 

it will require 750mm of cover. This governs for the cover required and hence the new water 

main pipe must maintain 750mm of cover.  

 

The total minimum trenching depth is 100mm below the bottom of the water main, hence a 

1650mm trench is required. The trenching width required for a 750-millimetre diameter pipe 

is 1500mm as shown in Table 34 below 

Table 34: Recommended Trench Width 

OD (mm) Recommended Trench Width (mm) 

100 500 

150  600 

225  700 

300 750 

375 1,050 

450 1,150 

525 1,200 

600 1,350 

675 1,450 

750 1,500 

900 1,900 
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The trench layout will look as shown in Figure 63 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When installing the pipe in accordance with WSA the back filled will require sand that meet 

the specifications of TS4 (SA Water technical standard 4) this will be used as side support and 

overlay fill. Each pipe is required to be supported uniformly along the length of the pipe by 

the fill material and needs to comply with AS/NZS 3725.2 CL 9.1.2.  When filling the sand, it 

will be placed in layers of 150mm or half of that of the pipe diameter, whichever is greater. 

Between layering the sand, it needs to be compacted to 100% SMDD (standard maximum dry 

density). To achieve said compaction around the water pipe only hand tampers or internal 

vibrators shall be used. Only once cover has exceeded 750mm is heavy vibration/non-

vibrating compaction permitted. Due to the size of the trench during construction shoring will 

be required in the trench. The steel shoring must comply with the AS 4744.1 Steel Shoring 

and Trench Lining Equipment standards. 

 

 

Figure 63: Trenching Widths 
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 WATER SERVICES PILE AND ABUTMENT DESIGN 

Due to the water main not having the structural capacity to span the distance over the Torrens 

river, an abutment is needed on both sides of the river where the pipe breeches the soil. It 

will also require two columns at the water’s edge to support the water pipe. The columns will 

be placed on a CFS cast in-situ pile. The Pile will be constructed in accordance with AS 2159 

and as 3600.  

4.2.1 WATER SERVICES PILE  

The finalised pile required is outlined in Table 35Table 35: Water Services Pile Specifications this was 

determined by hand calculations and then modelled in a software package called GEO5. This 

is shown in the Services 

Table 35: Water Services Pile Specifications 

Pile Specifications Number Units 

Total Length 12 m 

Pile Diameter 900 mm 

Concrete Grade 40 MPa 

Reinforcement cover 40 mm 

Reinforcement (evenly spaced) 
8N12 - 

Number of Ligatures 

(Evenly spaced) 

Circular N12 mm 

Ligature Spacing 300 mm 

 

4.2.2 WATER SERVICES ABUTMENT DESIGN 

Undertaking a similar approach to designing the tunnel bridge abutments, the final dimension 

for the service pipe abutments is as show in Drawing 0001-GE-2017. The finalised dimensions 

were output through GEO5. This is shown in Section 11.1.2.2 Geo 5 output files  

4.2.3 CONSTRUCTION SEQUENCE  
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Before the water service is able to be relocated the abutment, piles and columns need to be 

constructed. For the construction sequence see Section 4.3.10 this is the same process just 

on a smaller scale. As for the finalised dimensions of the abutment see Drawing 0001-GE-

2017. Once the structures are in place the rest of the water service pipe can be relocated in 

accordance to Services Department relocations in Section 3. 

 

 ABUTMENT DESIGN 

4.3.1 ABUTMENT DESIGN AND CONSTRUCTION 

As a tunnel bridge spanning over the River Torrens is to be constructed, one of the main 

geotechnical aspects required to be taken into consideration is the construction of the 

abutments to support the structure. Geotechnical investigations were conducted to obtain 

important data such as soil classifications, drainage provisions, ground movements and soil 

settlements. Obtained data will then be implemented into GEO5, a geotechnical design 

software, to determine the appropriate design for the abutments. 

4.3.2 GEOMETRY OPTIONS  

To ensure the optimization of abutments design, different abutment geometries were 

considered. The following abutment geometries were analysed: 

 

Figure 64: Geometry 1 

 

Figure 65: Geometry 2 

 

Figure 66: Geometry 3 
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Once the analyses are completed for different geometries, the Geotechnical Department has 

determined that abutment geometry number 1 is the most appropriate as it provides 

adequate overturning and sliding resistance whilst having the smallest cross section 

4.3.3 FOUNDATION ALTERNATIVES  

Although this abutment geometry satisfies for overturning and sliding design, however, being 

a bulky concrete structure, the bearing capacity of soil underneath the structure is 

determined to be inadequate. Therefore, a foundation will be implemented to improve the 

bearing capacity of soil. 

Both piles and spread footings were taken into consideration (refer to Figure 67 and Figure 

68 it is essential that the footing component enhances the soil bearing capacity while provides 

suitable resistance to vertical and horizontal soil movements caused by ground settlement 

over time. As the results, the Geotechnical Department has determined that pile footings will 

be implemented. Pile footings was chosen for its ease of construction as well as minimal 

excavation processes required. Furthermore, reinforcement can be easily implement in piles 

design to withstand the vertical and horizontal stress exerted by soil. 

 

 

Figure 67: Strip Footing 

 

Figure 68: Pile Footing 
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4.3.4 DRAINAGE PROVISIONS 

Soil movement is purely subjected to the expansion and shrinkage of soil with the presence 

of water contents; causing structure instability. Therefore, appropriate drainage provisions 

are required to avoid the build-up of hydrostatic pressure. Further erosion of soil is also 

encouraged to be avoid. As the result, surface drainages including drains, paved ditches and 

gutters were implemented to drain surface water. Internal drainages were also adopted; to 

avoid drilling through the abutments wall for the installation of weep holes, geo composite 

drains (consists of gridded plastic core and geotextile fabric) were implemented (refer to 

Figure 69).  

 

Figure 69: Drainage System for Abutments 
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4.3.5 ABUTMENTS DESIGN DETAILS 

Once all design steps are followed and all analyses are completed, an optimized dimension of 

the abutments was finalized. Figure 70 below illustrates the optimized abutment dimensions:  

 

Figure 70: Finalized Abutments Dimension 

All design processes followed AS 5100.3: 

 The concrete strength for the abutments construction will be 40 MPa; 

 With 500 MPa yield strength reinforcement.  

The stability of abutments was verified with the following criteria: 

 Sliding (value assumed for effective cohesion was zero, effective and total stress 

calculation for sliding was calculated). Resistance of soil in front of abutments was ignored 

– (Refer to calculations in Appendix C); 

 Overturning (design was ensured to meet the requirements for middle-third rule of 

structural mechanics) – (Refer to calculations in Appendix C; 

 Bearing capacity (total stress calculation was undertaken) - (Refer to calculations in 

Appendix C). 
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The design resistance calculated are greater than the design action under limit state. The 

calculated factors of safety were verified to be greater than the required minimum factors of 

safety (refer to summary table of factor of safety in Appendix C).  

 

4.3.6 HAND CALCULATIONS 

The design of the Abutment requires an extensive process of hand calculations to ensure that 

the design factor of safety, would satisfy the minimum limit states for: overturning, sliding 

resistance and bearing capacities. Subsequently, the complied design must adhere to Clauses 

8.3.1 of AS5100.3 bridge design code.  

The Abutment structure has been designed to resist active lateral earth pressure. 

Consequently, the passive forces located at the front of the structure are negligible have been 

ignored. The depths of the soil, acting in this state were significantly small.   

Hand calculations were undertaken to verify the results observed in the output of the GEO5 

software program.  

 

4.3.6.1 OVERTURNING CHECK  

Calculations for the overturning check are shown in Appendix C. It is important that the 

overturning Conditions are acknowledged. It has been demonstrated that the abutment 

structure has been adequately designed to resist collapsing from active and passive forces. In 

short, the resisting moment, Mr = 199.98 kNm is greater than the overturning moment, Mo 

= 41.62 kNm, which shows that the structure is satisfactory.  

The required design factor of safety for overturning, is 2.5. By determining the ratios between 

Mr and Mo, it has been found that the FoS is 4.8. Therefore, the design was safe from 

overturning. 
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4.3.6.2 SLIDING CHECK 

The geotechnical department has checked the design for Sliding. In doing so, the department 

has ensured that the abutment foundation Is safe from horizontal soil movements. By 

ensuring that the required factor of safety for sliding is greater than 1.5, this would ensure 

the structure is safe from this failure mode. Analysing the worst-case abutment cross-section, 

the calculated FoS was equal to 30.72., which easily satisfies the minimum requirements of 

sliding. Refer to Appendix C for detailed calculations of the sliding check.  

 

4.3.6.3 BEARING CAPACITY CHECK 

The Upper concrete section of the abutment transfers resultant forces eccentrically through 

the foundation and distributes the stress uniformly through the underlain soil. These are 

taken as maximum pressures as shown on Figure 162, qmax are minimum safety requirements 

which are plotted against ultimate bearing pressures, qu. It has been found that, qu = 2981 

kPa > qmax  = 217.62 kPa and it is acceptable to  state that the toe of the abutment retained 

under soil has firmly rooted itself into the layers of soil. Subsequently, the observed factor of 

safety at the abutment base, FOS = 13.7 > 2.5 which shows that the design is satisfactory. 

Additionally, to compare FoS between different modes of failure, refer to Table 36. Refer to 

the Bridge Abutment for a summary of the calculations of the bearing capacity check.  

 

Table 36: Summary of Abutment FOS 

  

 

Mode of Failure Required min. FOS Calculated FOS

Overturning 2.5 4.8

Sliding 1.5 30.72

Bearing 2.5 13.7

Minimum factor of safety
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4.3.7 COMPUTATIONAL ANALYSIS 

Design using desktop analysis (GEO5) for the abutment was undertaken to accurately 

determine the geometry of the abutment.  Figure 150 and Figure 155 illustrates the final 

design and what was achieved by undertaking the desktop analysis. During initial to finalize 

stages of the geometry design for the abutment, dimensions were adjusted per the output. 

Subsequently, soil input was based on soil parameters of Borehole 01 and utilized the soil 

material library included in GEO5 as shown Figure 152 To accurately design the abutment, 

the self-weight of the bridge, which was provided by the structural department, was placed 

in the software, to help the Geotechnical Department in choosing a suitable design. These 

loads were placed in the program as surcharges where beams are seated. The Results show 

that the design is satisfactory for Overturning (Figure 161), Sliding Resistance and Bearing Soil 

Pressure (Figure 163). Additionally, the use of GEO5 assisted the Geotechnical Department in 

designing a solution which would have the structural capacity required to hold up the tunnel 

bridge. Output data which details the necessary reinforcement is shown in Figure 164. 

4.3.8 ABUTMENT SCOUR PROTECTION 

Scouring causes the removal of embanked gravel and sands from the areas of the abutments 

which is a major cause of bridge failures. Hackney Road is subjected to 1:20 Annual 

Exceedance Probability (AEP) which causes an average storm duration to occur for roughly 90 

minutes (Tonkin, 1997). Hence, for worst case scenarios of a flood event, the bridge abutment 

will be designed for an ultimate flood level of 0.005% AEP. To further mitigate this potential 

issue, the abutment will be designed for a minimum scour depth and ultimate limit state 

design of 2.0 m.  In addition, the design life of scour protection will be 50 years. This 

conservativeness is in accordance with Section 4.5.1.3 of AUSTROADS Part 4.  

 

Figure 71: Grouted Riprap 
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The underpass of the bridge, is vulnerable to erosion. As a geotechnical department, It is 

required that ‘riprap rocks’ be placed and grouted concrete furnished at the front of the 

abutment as a further protective measure. An example of this is shown on Figure 71.  

 

4.3.9 INCREMENTAL LAUNCHING  

 

Figure 72: Bridge Beam Installation 

During all stages of construction, as shown on Figure 72, an elevated level of stress will be 

placed on the abutment bearing seat. As the initial launching process, may cause backfill 

material failure to areas of the abutment bearing seat, it is important that the structure have 

the correct tolerances. 

By following Clause 5.3 of AS5100.5, observations, checks and investigations will be 

undertaken regarding the abutment structural capacity, at each milestone during the 

installation process.  

It is a requirement that the concrete and steel reinforcement be designed for higher loads 

and initial stresses. The design tolerances have been increased, so that possible damage to 

the abutment during the launching stages is mitigated. Refer to Appendix C for Parameters 

and Figure 171 for details. 
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4.3.10 CONSTRUCTION SEQUENCE 

 

1. A stable embankment 

slope is constructed to set 

up the construction site. 

 

2. An excavator is then 

required to excavate the 

soil area where the 

abutments will be 

constructed.  

 

3.1 Piles foundation is then 

constructed, a flight auger 

is used to drills and 

removes the soil on 

required area; 900 

millimeters diameter piles 

at 10 meters deep. 
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3.2 Concrete is then poured as 

the flight auger is lifted. 

 

3.3 Pile cages are then 

installed. 

 

4. Once completed, a layer of 

mortar bed is then placed 

to create a smooth surface 

for the construction of 

abutments.  
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5. Construct abutments. 

 

6. Backfill soil on the 

excavated areas.  
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 SHEET PILE RETAINING WALL DESIGN 

4.4.1 DESIGN OVERVIEW 

The geotechnical department has designed 5 different retaining wall sheet pile designs, 

anchored and non-anchored. These sheet piles have been designed to extend along the 

whole alignment of the tunnel and tunnel ramp. Any of the supplied designs have been 

ensured to comply to the AS 4678 – 2002 Earth Retaining Structures code.   To achieve a 

reliable design numerous key factors where identified and analysed while determining the 

correct design. These such factors include the current soil conditions, the required soil 

retainment, groundwater level, duration of construction as well as the acceptable bending 

moments, buckling loads and deflections loads 

 

4.4.2 TUNNEL SHEET PILE DESIGN 

The final sheet pile design was selected form the ThyssenKrupp GfT Bautechnik 3rd addition 

sheet piling handbook. The main component of selecting this sheet pile revolved around 

available lengths, cross section size in the case of buckling and allowable bending moment.  

Table 37 attached on the next page can be seen to displays the key properties of the elected 

Larseen 606N sheeting. This sheeting consists of the steel grade S270 GP, which brings the 

allowable bending moment to almost double the required, stated as 329.45 kNm /m in 

Appendix C. Although If a lower grade of steel is used the allowable bending moment would 

still be acceptable, however buckling becomes an issue if a lower grade is used, as suggested 

by space gas. Figure 73 below shows the cross section, with dimensions of the desired design.     

 

 

 

 

 

 

 
Figure 73: Cross Section of Sheet Pile 
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   Table 37: Sheet Pile Selection 

LARSEEN 606N 

  Per m wall Unit 

Elastic section modulus 2500 cm³ 

Plastic section modulus 2820 cm³ 

Weight 157 kg/m 

Cross Section Area 200 cm² 

Circumference  292 cm 

Coating Area 2.92 m²/m 

Static Moment 1410 cm³ 

Second Moment of Inertia 54375 cm⁴ 

Radius of gyration  16.49 cm 

Section Width 600 mm 

Wall height  435 mm 

Back thickness 14.4 mm 

Web thickness 9.2 mm 

Bending moment S 270 GP 614 kNm/m 

*Interlock design should conform to DIN EN 10248-2 and E 67 of EAU 2004, using the standard Larseen interlock design. 

Along the alignment of the tunnel design there is a section that widens for a flighting of stairs 

and a service corridor area, as specified in the structural departments section. To create this 

section, it will require 4 corners to be made with the current sheet piles design. It has been 

Identified that the current locking system on the sheet piles are not compatible to perform 

this right-angle shape. Therefore, Larseen interlock strips are required to be placed in these 

corners, these strips are designed to fit between the two adjacent sheets locking them 

together, Figure 74 can show an illustration of the locking.  These interlock sheets need to be 

of the same S 270 GP steel consist of the same lock size and be of a 16.6m length.  

 

 

 

 

 

 

 

 

Figure 74: Corner Locks 
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4.4.3 RAMP SHEET PILE DESIGN 

At the south end of the tunnel the suspended slab, identified as the roof will discontinue into 

a clear opening. This is open space is required as buses traveling along this tunnel will required 

this overhead opening to return to grade, as well as descend from grade.  Since this slab is no 

longer there to act as a propped wall and anchoring system is will now be installed to balance 

these forces to prevent failure. The duration for the ramp extends for 150m, this means that 

anchoring has been looked at for the whole alignment of the ramp. However, it has been 

identified that the whole ramp will not require the same length of sheeting and anchoring 

system. Notably the sheet piles must continue the entire length of the ramp and structural 

safety barriers are to be attached to the top cross section, these safety barriers propose a 

similar axial load to the suspended slab, which means that the chosen sheet pile size is still 

valid. 

It has been identified by the Services Department that there are underground services located 

around the anchoring systems, however due to the 30-degree decline and starting depth of 

the anchors they will not conflict with any of them.   

To reduce complexity of the sheet pile, design a 75m chainage of the ramp (half) will use the 

exact same sheet pile length as specified to the rest of the tunnel, where the same sized 

anchor will be used for along this whole 75m as well. This means that a sheet pile of 16.6m 

will be used with a 300mm diameter grout anchor, which will protrude at 30 degrees into the 

ground for 9m, minimum 8.8m. The placement of any anchors will be in 1m intervals at .75m 

from ground level, notably the same position as the level of the slab roof of the tunnel.   

Beyond this 75m chainage of the ramp the length of sheeting should reduce to a total length 

of 9m, where the anchoring system should also be installed in 1m increments to hold back a 

T=50kN force, which was determined in geo5. These anchors are being designed to prevent a 

35mm deflection. The anchors for this section of ramp should be a grout anchor of 200mm 

diameter, following a 30% grade line and consist of a 5.4m length, this reduces the max 

deflection to 3.6 mm. 

The next stage of sheeting does no longer require an anchoring system, as the deflection for 

this ridge sheeting is only 6mm, for the excavated height of 2.34m. This means that there is a 

2.2m section of sheet pile below grade, totalling to a 4.55 or approx. 4.6m sheet pile. This 
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length of sheet pile will be used for the next 18.75m, where it will then change into a length 

of 2.59m (2.6m) and continuing for the rest of the ramp, until the tunnel ramp is at grade of 

the road way. This design should be used for both sides of the ramp. See Drawing 0004-GE-

2017 for a more detailed plan.  

4.4.4 WATER PROOFING  

These sheet piles being used in this design will be impervious to water but will require water 

proofing along each interlock of the sheet piles. Sealing these interlocks will reduce the 

likelihood of water seeping into the tunnel, to achieve maximum resistance a Wadit© sealant 

needs to be applied along the entire length of the sheet pile. 

Wadit© sealant has been selected to be the applicant of choice as this type of sealant still 

allows for the sheets to slide together with minimum resistance. The surface of the joins 

should be cleaned of rust with a wire brush disk, where the sealant can be applied for the 

entire length of the sheets. These sheets should be keep dry during the sealing of these joins 

to allow for the most effective application. Wadit© can withstand around 70 psi of water 

pressure, which ensures that water seepage shouldn’t become an issue in this design. The 

water table has been allocated at around 10m from ground level in the surrounding area. 

Which is lower than what is required to be excavated, this means that surrounding hydrostatic 

pressures shouldn’t be an issue to the sheet pile retaining wall. 

4.4.5 SITE PREPARATION   

Preparation work will be required along the alignment for the sheet piling zones. This 

preparation work will require excavation of soil, ensuring that working zones are level. This 

will ensure that each sheet pile is installed to the correct height, these levels should be 

completed to the surveyor’s specifications.  

To achieve the correct horizontal and vertical alignment for each sheet pile the contractor 

should use a driving guide, this is essential as keeping the correct alignment is critical. This 

will enable it to align with the tunnel bridge correctly and for precast section to be installed 

adequately. Using this guide, it can allow for the staging install of these piles to be 

implemented easier. Figure 75 shows a conceptual diagram of how the guide assists, note 
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that the sheet piles should be installed in a stagger method, achieving this ensures that the 

alignment is kept and the joins can be installed for above ground level.          

 

 

 

 

 

 

4.4.6 PRE DRIILING  

In the process of installing these sheet piles the soil will require pre-drilling so that the pile 

can be driven in easily via the aid of a vibrating hammer. If this pre-drilling doesn’t occur it 

will induce the likelihood of buckling/ bending sheet piles during the construction phase, as 

well as acquiring more time for the piles to reach their target depth. This concern arises as 

to achieve the required depth for a stable design each pile is expected to pass through a soil 

layers of 300 kPa cohesion, which has been shown in accordance to the provided bore logs 

shown in Appendix C. Drilling points should be located at the corners of each sections of 

each pile, this provides the least resistance for the sheet piles.     

4.4.7 VIBRATING HAMMER 

A vibrating hammer is required to install the sheet piles, where in theory this vibrating 

hammer induces copious amounts of vibrations in the vertical plan of the panel. By 

completing this vibrating method, it significantly reduces the amount adhesion and friction 

that occurs between the surface area and the surrounding soil, allowing for an easier 

installation. Out of the three main options available installing sheet piles vibrating is the 

cheapest, where it is highly effective in granular soils or saturated scenarios. The other two 

methods are hydraulic press and impact hammer. This vibrating hammer option is quite 

effective, however construction with this should be avoided during the night hours as it 

proposes noise pollution.      

Figure 75: Pile Guide  
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4.4.8 EXCAVATION 

In the location of the northern tunnel exit the topography of the alignment will require 

excavation to this level the landscape. It is essential that this an even level as it allows for the 

correct installation of any sheet piles. Once the sheet piles have been installed into place a 

phasing excavation of the tunnel can being. This phasing has been detailed in the design 

process section. The main considerations that have gone into how much excavation is 

required depends heavily on the lay of the ground, width of the tunnel, invert level of the 

tunnel base and the tunnel ramp. The total exaction has been detailed below in       Table 38, 

this approximates along the whole alignment of the tunnel to be level.  

      Table 38: Tunnel Excavation 

 

 

 

 

 

4.4.9 MACHINERY 

Table 39: Sheet Pile Machinery List 

Required Machinery 

Description  Model  Specification 

Vibrating Hammer MS-2-HBS Excavator Mounted Sheet Vibrators, Max 
rpm 3185 

Pre-Drill Auger BI MDBA 3500  auger drive motor and 300mm flight 

Anchor Bore  MC 6  - 

Excavators Excavator 22t Power for 22.2t (kW), Dig Depth for 22.2t 
(kW) 

Skid Steer Positrack RC - 50 C/W 4 In 1 
Bucket 

Medium Size  

Loader Wheel Loaders/ITC 12t Bucket size 4m³ 

Grader  Grader Articulated 70 - 110kW  (12ft Blade) 

Excavation for Tunnel 

Area Amount  Units  

North of Bridge 46215 m³ 

South of Bridge  11220 m³ 

Ramp  7012.5 m³ 

Working Space around Sheet Pile Top 570 m³ 

Total  65017.5 m³ 
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4.4.10 CONSTUCTION SEQUENCE  

In the method of installing these sheet piles the first section of this work is to survey out the 

tunnel alignment from the transportations departments specifications. Where all trees/ 

vegetation’s that are within this alignment are removed. After these objects are removed the 

levelling process of the site can begin, where small amounts of excavation will be required. 

Note that this excavation process must only be a minor one as the concept is to achieve a 

level area for the sheet pile guides, it is recommended that this type of excavation is best 

suited to an articulated grader with a GPS laser level system (this should reduce human error). 

An important note is that this form of excavation will not have any conflicts to underground 

services as excavation in this stage will not be deeper than 400mm. The only services that 

propose an issue is the current side entry pits and power polls, these sections should not be 

levelled until they have been relocated. 

Pre-drilling contractors will then be permitted to start drilling holes spaced to coincide with 

the pile clutches, being 600mm centres for this design. These holes should be drilled to the 

general depth of 16.6m, or at least to the length of the pile: referring to the tunnel ramp 

Drawing 0004-GE-2017. This pre-drilling must begin after the Services Department has 

removed all of services from the alignment as this 16.6m deep sheet piles will protrude them, 

traffic management plans should be followed from the Transport Department when crossing 

over any pedestrian pathway or road that has been listed by the Transport Department. The 

pre-drilling team should work simultaneously with the sheet piling team. It is suggested that 

15m intervals are drilled where the sheet piles should be installed for this section. By doing 

this it reduces any potential errors with drilling in the wrong positions, i.e. not lining up in the 

clutches of the sheet piles. The sheet piles should be installed all the way up to the back side 

of the abutment for the tunnel bridge. This means that the last 15m of sheet pile either side 

of the bridge abutment cannot be completed until they have been installed. 

Water sealing the sheet piles should be completed prior to being brought on site, due to 

limited suitable storage conditions. These sheet piles should be installed via the vibrating 

hammer, until they have reached their full depth where excavation of the tunnel can begin. 

The method of installing these sheet piles should see that the first pile only driven in for an 

8m length, approximately half its length, where the neighbouring sheet pile should be 
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installed to its full depth. The next sheet pile should then be put in to half its depth, where 

the previous process continues so on. By doing this it ensures that a correct alignment is 

achieve and the interlocks of the sheet piles can align correctly.  

After these sheet piles, have been installed the first layer of excavation can occur for 4 metres 

in the tunnel section, the max deflection in doing with will only be 9mm. The excavation can 

be taken to a 5m depth However, propping must occur before this can occur. It has been 

suggested to Structural that the slab roofing of the tunnel should be installed before further 

excavation occurs after that 4m depth. If further exaction is desired 310UC118 needle beam, 

which is one of the larger available sizes needs to be fitted, these props should be located 

around the 2-3m mark below ground level in 1 .2m spacing’s. Once this roofing has been 

attached the rest of the excavation can now occur, so that the base slab can be installed, as 

detailed per the pavement second.  When this slab has been installed the top 750mm above 

can be filled with soil, this will work out to around 5800m^3 of soil. 

When excavation begins along the ramp section it should follow the same plan as the rest of 

the tunnel. However, the anchors must be drilled and grouted at an excavation depth of 2m. 

This depth is essential as the anchors are being placed at 0.75m from surface level, this will 

allow a 1.25m height for the anchor bore to angle down at 30 degrees for a 9-m length. In the 

first 75m of tunnel ramp from the north end, 300m diameter holes should be plasma cut into 

the indented flat section of the sheet pile. These must be in the centre of each sheet pile at 

.75m down from the surface. This size bore should be repeated for whole 75m discussed, the 

spacing between anchors should be 1.2m. After each bore hole has been drilled a F 1554 

grade 55 hexagonal bolt and plate should be installed for the length of the bored hole. These 

anchor bolts and plates are made with tensile bolts which has a 10mm thick plate locked on 

each end, this prevents the bar from being pulled through the grout. Figure 76 shows and 

image of these required anchor bolts.   
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The next stage should be to then to pump MICROSIL anchor grout around these bolts where 

the grout should then be left to set before any further excavation occurs. This will prevent 

any chance of the walls collapsing or deflecting too far, it is recommended that 7 days is given 

before further excavation so that the grout has time to cure, although if time frames permit 

a 28-day wait would be desired as a max curing of 80 mPa is achievable with this grout. The 

lengths of these anchors should be referred to as specified before in the tie back retaining 

wall sections.  After this grout, has dried the top plate of the anchor can fix on with a 

hexagonal nut tensioned to 174.8kN.  

This same process should than be repeated for the second set of 5.4m long grout anchors for 

the 9 m long sheet piles. Note only a 200-mm bore is now required, thus the sheet pile only 

requires 200-mm to be cut to do so.  

 

  

Figure 76: Base Plate 
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 BASE SLAB DESIGN 

4.5.1 DESIGN CONSIDERATIONS 

As a part of the tunnel construction, the geotechnical department has designed the base slab, 

pavement component, for the O-Bahn City Access Project. By undertaking both Structural 

Pavement analysis for erosion and fatigue, and structural slab analysis with RAPT, the 

Department was able to develop a cost-effective solution, suitable for the required design 

life. In order to determine an adequate thickness, to carry the bus loads as a pavement, 

significant desktop analysis has been completed. The equations, calculations and desktop 

study output is attached in Appendix C, for review. 

 

4.5.2 MATERIALS 

The materials adopted for the design, are listed below in Table 40. 

Table 40: Pavement Slab Materials 

Material Grade/Specification Quantity 

Concrete  40MPa  3742m3 

Reinforcement Primary N16 Rolled Bar 5/m length 

Reinforcement Secondary N16 Rolled Bar 9/m length 
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4.5.3 LOCATION 

The base slab will be situated, in the following location, as depicted in the below Figure 77. 

Please see Drawing 0009-GE-2017, for exact specifications and detail.   

Sheet Pile 
BASE SLAB 

Reinforcement (See Figure 78: 

Base Slab Designs - ) 

180mm 

500mm Larsen 606N 

Design Subgrade CBR=3% 

Figure 77: Base Slab Illustration 
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4.5.4 DESIGN (PAVEMENT) 

The design of the base slab, has been undertaken by the Geotechnical Department using the 

Austroads Guide to Pavement Technology, Part 2: Pavement Structural Design. Due to the 

nature of the traffic loads and the proposed use of the O-Bahn Tunnel, the Pavement will be 

designed as a Rigid Pavement, with a Primary Concrete Base Layer.  

The design will be undertaken by analysing two failure distress modes: 

 Subgrade Erosion, arising from repeated deflections at joints and planned cracks.  

 Flexural Fatigue, to check the cracking potential of the pavement Base Material.  

To Design this pavement, the Department has considered the following: 

 The predicted traffic volume and composition, over the design period.  

 The strength of the underlain Subgrade. (Using Table 5.4 TYPICAL CBR DESIGN 

VALUES). 

 The flexural strength of the base concrete. 

 Whether the use of a bound or lean concrete subbase is required. 

 The presence of weaker soil layers below the design subgrade level.  

 Subgrade Soil 

The subgrade soil, is SC Sandy Clay, with 15% fines. This will dramatically affect the result of 

the hand calculations and desktop analysis. The CBR Strength, has been found to be 5%.  

4.5.5 CONCRETE  

The design will incorporate 40MPa Concrete. The flexural, tensile and compressive 28 Day 

Strength will be included in the calculations.  

 

4.5.6 DESIGN TRAFFIC 

The Predicted Design traffic is given in Appendix C. 
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4.5.7 PROPOSED DESIGN 

 

The following Design, Figure 78, was proposed following the calculations undertaken in 

Appendix C.  

 

Figure 78: Base Slab Designs - Drawings 

4.5.8 CONSTRUCTION SEQUENCE  

The sheet piling, for the tunnel component of the project, must be completed prior to 

initialising the construction of the Base Slab for the Tunnel. As the excavation is undertaken 

in stages, the base slab will be the final constituent of the main tunnel structure. Prior to the 

following work being undertaken, it is a requirement that no internal services are installed or 

active during the construction and rolling process. This is due to ensuring adequate clearance 

for the roller. After the excavation to the reduced level, compaction of the subgrade will 

commence. This will be compacted using a large roller which will access the site utilising the 

existing entrance and be compacted in sequences. The compaction rate will be 100% MSDD, 

to ensure a suitable foundation for the base slab.  

The formwork and reinforcement, which is detailed in Drawing 0009-GE-2017, will be placed 

in position, prior to the casting of the in-situ concrete. Once in place, the concrete will be 
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pumped and poured with an even spread, which is easy to control. With curing times being 

considered, it is important that a minimum 7 days is allowed before the slab is exposed to any 

large loads. This curing time is vital as the integrity of the concrete can be compromised, 

causing cracking if not followed. These loads refer to driving over the slab or moving heavy 

objects across it. After a 28-day period the base slab can then be deemed ready for its 

intended loads. The base slab will be completed in sections of 15m intervals, with a team of 

site workers to minimise imperfections. In doing so, this will ensure an even surface is 

maintained, with broom finish methods whilst the concrete material cures.  

The base slab will be connected to the sheet pile, with the use of steel plates that will be 

welded onto the Larsen 606N Sheeting.  The Slab will include two bars, per metre length, 

32mm in diameter which will be positioned 300mm either side. Using a dowel like method, 

the bars will act as a rigid connection. Once the concrete has hardened, a concrete sealant 

will be placed on the surface of the exposed material. The addition of this process, will ensure 

that the concrete slab is protected from any industrial related spills, corrosion or surface 

damage. 

 PAVEMENT DESIGN 

4.6.1 DESIGN CONSIDERATIONS 

The geotechnical department has designed 7 pavement cross section configurations for the 

O-Bahn City Access Project. Utilising the borehole log data, which can be reviewed in 

Appendix C, the team has designed the pavement for a design life of 30 years. Flexible and 

Rigid pavements have been employed in the project, based on Design Equivalent Standard 

Axle (DESA), Mechanistic and Empirical Calculations. The equations and calculations are 

attached in Appendix C.  

4.6.2 RECYCLED MATERIAL 

As stated in the Environmental Detailed Design Brief, it is assumed that a substantial 

proportion of the soil excavated is contaminated and will be removed. Additionally, a very 

limited amount of recycled pavement material will be available for reuse and this will be 

considered in the final cost estimate. A total of 4% of the, 76,217m3 of the excavated soil will 

be available for reuse, as a subbase pavement material. 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 207 | 708 

Version 2.0 

4.6.3 PAVEMENT LOCATIONS 

The location of the pavement construction is conveyed in the figure below. The Geotechnical 

Department has provided Structural Drawings of each of the cross sections and a plan view 

of the pavement difference, throughout the site.  

4.6.4 MATERIALS SUMMARY 

The materials that have been adopted for permanent use as pavement material in the project 

are summarised in the Table 41  below. 

Table 41: Material Summary 

Material (Classification) Compaction Level, RD(%) 

[MDD=2.1 t/m3] 

MR 

(MPa) 

Strength 

(CBR%) 

Select Fill Type A  

(Recycled Rubble) 

95% MSDD 150 35 

Select Fill Type B 

(Recycled Rubble) 

95% MSDD 75 9-10 

Select Fill Type C 

(Recycled Rubble) 

95% MSDD 100 15 

Select Fill Type D  

(TS4 Sand) 

100% MSDD 65 8-10 

PM1/20mm 

(Quarried) 

98% MMDD 500 80 

PM2/20mm 

(Quarried) 

96% MMDD 350 60 

PM3/30mm 

(Quarried) 

95% MSDD 150 45 

PM3/40mm 

(Quarried) 

95% MSDD 125 35 
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4.6.5 PARK ROAD  

4.6.5.1 BOREHOLE ANALYSIS 

Strength analysis was undertaken at 0.7m to 1.0m depth, as specified in geotechnical reports. 

The material UCS classification is CH-CI Clay, which has been noted as highly plastic. The 

material is a red brown earth, consistent with the estimate made in the feasibility study. 

Liquid Limit, has been taken as 60 and the plastic limit has been listed as 21. Field moisture is 

noted as being slightly saturated, at 18.8% due to the rising water table, in the area. The 

variables show that the soil in this location is moderate in nature, in terms of its expansive 

behaviour. Caution will be noted but soil will still be compacted to OMC rather than EMC for 

this location. (EMC compaction is a requirement for pavement built on expansive soil – 

AUSTROADS Structural Design Part 2). 

4.6.5.2 LAYER SELECTION 

The tunnel slab, which is underlain by a large void, is located directly underneath Park Road. 

In order to ensure the long-term durability of this slab, the Geotechnical Department has 

considered flexibility, seepage and permeability of the pavement. To achieve this, an Asphalt-

Concrete Layer must be laid as the upper-most base course. The Asphalt-Concrete, will be 

Open-Graded, OG 14mm, which will allow for flexible lateral movement in the pavement and 

lasting durability. Open Graded asphalt is particularly effective in terms of noise reduction 

and skid resistance and is useful in high traffic volume environments.  

As the primary layer the Open Graded Material will create a partially permeable surface, 

which will control the amount of water which seeps into the underlain soil layers. This layer 

will be underlain by AC20M. Asphalt Concrete grade AC20M, must be utilised as a modified 

Intermediate course with a C320 Binder. Due to its larger particle and density, this will ensure 

the smaller layer is in contact with vehicles for an effective surface texture and ride quality. 

By Having a smaller Mix Size at surface level and increasing with depth, this protects the 

pavement surface from stripping and premature cracking.  

Having two concrete based pavement materials in contact with each other, will increase the 

level of cracking long-term and will ultimately reduce the strength and service life of the 

pavement and the tunnel slab. To address this issue, a thin layer of granular material must be 
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placed between layers, to distribute the load down into the ground. Although, this will 

decrease the effectiveness of the pavement strength capacity, it will ensure the design life is 

met.  The excess water that will be left over the road, must be combatted with an increase in 

cross fall and the altering of the Water Sensitive Urban Design Infrastructure, adjacent to the 

site. Due to the increase in storm water and the associated pollutants, this will be filtered in 

the nearest Infiltration Trench, which will be designed to take the increased pollutant levels. 

4.6.5.3  PARK ROAD CROSS SECTION  

 

 

 

 

 

 

 

 

 

 

 

 

4.6.5.4 PARK ROAD COST ESTIMATION 

Please See Appendix C, for final cost of the Park Road Pavement. 

  

Figure 79: Park Road Cross Section 
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4.6.6 MANN ROAD 

4.6.6.1 BOREHOLE ANALYSIS 

The material at Mann Road, was primarily CI Clay, with medium plasticity. Due to its plastic 

nature, the liquid and plastic limit were analysed, to determine the potential for shrinkage 

and swelling. The borehole at Mann Road, exhibited Moderate Expansive behaviour. This was 

based on the results observed for Liquid Limit, which was within 50-70.  

Additionally, the PI Index was considerably high, so extensive measures were considered in 

the design stage. This was further iterated using the AUSTROADS Guide to Structural Design 

(2011), which provides a Guide to Classification of expansive soils. The percentage of particle 

size distribution passing through the 4.75mm Sieve was 100%. Multiplying this factor by the 

Plastic Index, gave a value of 3100, categorising the soil as “Highly Expansive.” 

 

𝑬𝒒𝟏 ∶ 𝑃𝐼 𝑥 % < 0.425 𝑚𝑚 

31 𝑥 100% = 3100 

𝐶𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛:  𝐻𝐼𝐺𝐻 (2200 − 3200) 

 

To combat the expansive nature of the soil, a layer of fill material, Pavement Material Class 3 

(PM3), must be placed on the natural subgrade. This layer of soil, will act as a fill capping layer, 

which will be of low-permeability. The AUSTROADS (2011) standards require a pavement 

layer thickness of greater than 150mm, so 200mm has been adapted, with a particle size of 

30mm, to ensure lower permeability.  

4.6.6.2 LAYER SELECTION 

The traffic load and distribution of Mann Road is identical to Park Road, the Pavement Design 

for Park Road will be duplicated for this section of Mann Road. However, the Pavement 

Material in the working platform will be 30mm for Class 3, contrary to Park Road which 

incorporates a 40mm Class 3 Material Size. In doing so, the Pavement will be less permeable 

and will allow for shrinkage and swelling in expansive conditions.  
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4.6.6.3 MANN ROAD CROSS SECTION 

 

 

 

 

 

 

 

 

 

 

 

4.6.6.4 MANN ROAD COST ESTIMATION 

 

Please See Appendix C, for final cost of the Mann Road Pavement. 

   

Figure 80: Mann Road Cross Section 
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4.6.7 BUNDEYS ROAD 

4.6.7.1 BOREHOLE ANALYSIS 

Borehole 7 was described as a Sandy Clay, with low plasticity and 40% fine particles. The 

sample, had traces of gravel. The material had a high strength, of 12% CBR.  This value was 

reinforced, as two sample CBR’s were undertaken in unsoaked and soaked conditions, with 

the soil exhibiting a CBR range between 8-15. This sample presented no potential issues, 

complexities or adversities to the design team, when considering strength or expansive 

nature. 

4.6.7.2 LAYER SELECTION 

The Design Equivalent Standard Axle value for Bundeys Road is considerably less than 

Hackney Road and Park-Mann Road, for this reason, the Geotechnical Department has 

designed a thin and cost-effective pavement for the sheet pile conflicting area of Bundeys 

Road. Open Graded asphalt concrete has been retained as the ideal intermediate course due 

to the properties described previously.  

Due to the lighter traffic volume, no additional AC layer is required underneath the Open 

Graded Intermediate Course. The Working platform is comprised of a Class 1 Pavement 

Material and three sub-base pavement materials of Class 2, 3 and 3 respectively. The 

Geotechnical Department has optimised the design by reducing the thickness of the Class 1 

layer, whilst ensuring that the strength, durability and overall design life is not compromised. 

In order to achieve the correct compaction of the subbase, the class 3 pavement material is 

split into two ‘lifts’, which will be compacted individually to 96% MSDD.  
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4.6.7.3 BUNDEYS ROAD CROSS SECTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.7.4 BUNDEYS ROAD COST ESTIMATE 

Please See Appendix C, for final cost of the Bundeys Road Pavement. 

  

Figure 81: Bundeys Road Cross Section 
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4.6.8 HACKNEY ROAD MEDIAN 

4.6.8.1 BOREHOLE ANALYSIS NORTH 

The existing soil in the vicinity of the Richmond Street-Hackney Road intersection, varies 

considerably. The estimated CBR values detailed in the geotechnical reports, suggest that the 

average CBR for the boreholes at a depth between 0 - 2.0m is 8.00. The lowest observed value 

was 4.25, which must be adapted for the design. As well as this, the pavement design must 

accommodate for factors such as shrinkage and swelling, to simulate expansive conditions.  

4.6.8.2 LAYER SELECTION NORTH 

When considering the large volume of traffic that Hackney Road supports, it is imperative that 

the wearing course be heavy duty in nature. As the bus, dedicated lane will be subjected to 

cyclic loading and copious quantities of Heavy Vehicle Axle Groups, the Pavement must 

include H (Heavy Duty) Rated, Asphalt Concrete Intermediate and Wearing Course Layers. The 

Geotechnical Department has adapted an AC10H Wearing Course and an underlain AC14H, 

which will ensure the damage caused by heavy vehicles, breaking and stop-start will be 

minimised. To combat the low CBR value of the subgrade and the expansive movement of the 

underlain soil, a Select Fill (Type B) of Modulus 75MPa must be utilised as a capping layer at 

the bottom of the subbase material lifts. The minimum thickness of the capping layer must 

be 150mm, as specified in AUSTROADS (2011). A thickness of 200m of Select Fill Type B must 

be adapted to adequately fulfil the design life of this section of pavement.  

The Select Fill Type B material, will be 100% recycled from the existing macadam pavement, 

located at the median of Hackney Road. This will constitute a total of 10% of the excavation 

total, for the Hackney Road Median, which must be taken from the available soil which is 

adequate for reuse.  
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4.6.8.3 CROSS SECTION NORTH 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.8.4 COST ESTIMATE NORTH 

Please See Appendix C, for final cost of the Hackney Median North Pavement. 

   

Figure 82: Bus Lane Pavement Cross Section 
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4.6.8.5 BOREHOLE ANALYSIS SOUTH 

The existing soil in the vicinity between Hackney Road and the North Terrace intersection, 

varies considerably. The lowest observed value of the CBR % was 3.00, which must be adapted 

for the design in order to analyse the Subgrade at worst-case field conditions. As well as this, 

the pavement design must accommodate for factors such as shrinkage and swelling, to 

simulate expansive conditions.  

4.6.8.6 LAYER SELECTION SOUTH 

When considering the large volume of traffic that the southern region of Hackney Road 

supports, it is imperative that the wearing course in this location also be heavy duty in nature. 

As the bus-dedicated lane will be subjected to continuous cyclic loading and copious 

quantities of Heavy Vehicle Axle Groups, the Pavement must be compromised of H (Heavy 

Duty) Rated, Asphalt Concrete Intermediate and Wearing Course Layers.  

The Geotechnical Department has increased the thickness of the AC10H Wearing Course and 

underlain AC14H compared with the Northern Section, because of the lower CBR value 

encountered. To combat the low CBR value of the subgrade and the expansive movement of 

the underlain soil, a Select Fill (Type C) of Modulus 100MPa must be utilised as a capping layer 

at the bottom of the subbase material lifts. The minimum thickness of the capping layer must 

be 150mm, as specified in AUSTROADS (2011).  

The Select Fill Type C material, will be 100% recycled from the existing macadam pavement, 

located at the median of Hackney Road. This will constitute a total of 7% of the excavation 

total, for the Hackney Road Median, which must be taken from the available soil which is 

adequate for reuse.  
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4.6.8.7 CROSS SECTION SOUTH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.8.8 COST ESTIMATE SOUTH 

Please See Appendix C, for final cost of the Hackney Median South Pavement. 

  

Figure 83: Hackney Road South Cross Section 
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4.6.9 HACKNEY ROAD WIDENING 

4.6.9.1 BOREHOLE ANALYSIS 

The borehole analysis, will consider the critical case conditions observed in the previous 

Section 4.6.8. A subgrade strength characteristic of 3.00% has be adopted, and it has been 

assumed that ground movements of shrinkage and swelling occurs in a moderate capacity. 

4.6.9.2 LAYER SELECTION 

As the traffic load, will be primarily used by light vehicles, the Geotechnical Department has 

chosen Open-Graded 14 Moderate as the wearing course for the Hackney Road lane 

widening. The traffic growth potential is exponentially rising, as a protective measure, AC20M 

has been underlain as the Intermediate wearing course. The CBR value that has been adopted 

is significantly low, so the pavement thickness of the granular material must be considerably 

large, to cater for the cyclic traffic loading over the pavement design life. 

4.6.9.3 KERB AND CHANNEL  

As specified in the Transport Department’s detailed design brief, the newly constructed Kerb 

and Channel must be placed over 75mm of selected fill. This material, (Select Fill Type A) is of 

Class 3 and is to be compromised of sandy fines. The material must have the following 

material properties as a requirement in AUSTROADS (2011) Guide to Pavement Technology 

Part II.   As stated in Transportation Department, 3% cross fall will be adapted. 
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4.6.9.4 CROSS SECTION 

The following cross section depicts the design for the Hackney Road Widening. It is important 

to note that only one side will be designed for under the kerb and channel, as only the 

Western Side of Hackney Road will be widened. The Figure 84 below, is for illustrative 

purposes only.  

 

 

4.6.9.5 COST ESTIMATE 

Please See Appendix C, for final cost of the Park Road Pavement. 

  

Figure 84: Hackney Road Lane Widening 
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4.6.10 HACKNEY ROAD CAR PARK 

4.6.10.1 BOREHOLE ANALYSIS  

 The borehole analysis, will consider the critical case conditions observed in the previous 

Section, 4.6.8. A subgrade strength characteristic of 3.00% has be adopted, and it has been 

assumed that ground movements of shrinkage and swelling occurs in a moderate capacity. 

4.6.10.2 TRAFFIC ASSUMPTION 

For the purpose of the design, it has been assumed that the Annual Average Daily Traffic 

Count, will be based upon a full carpark, each day, with vehicles arriving and leaving twice, to 

simulate a working business day. These calculations can be found in Appendix C.  

4.6.10.3 LAYER SELECTION 

Due to the low traffic volume and the absence of heavy vehicles, the car parking space must 

be designed with the empirical method, utilising the CBR of 3%. The pavement will be 

compromised of recycled Class 1,2 and 3 Material from the excavated soil at the Hackney 

Road Median. The surface will be a Fine AC10L asphalt, which is the DPTI recommended 

material for car park surfaces, with the addition of a 7mm Primer Seal. For environmental 

purposes, the primer seal surface is to be Sprayed at 1.0L/m2 and include a proportion of 

rubber polymer. The target mix design for air voids, is 4.0%.  
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4.6.10.4 CROSS SECTION 

 

4.6.10.5 COST ESTIMATE  

Please See Appendix C, for final cost of the Park Road Pavement. 

 

  

Figure 85: Hackney Road Car Park 
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4.6.11 CONSTRUCTION SEQUENCE 

4.6.11.1 CAR PARK (WESTERN) 

As an initial step, the car park will be constructed in consultation with the contractor and the 

transportation requirements of the client. Preliminary earthworks will be undertaken in 

consultation with both the services and the environmental departments to ensure 

contaminated soil is removed and that the excavation depth does not conflict with piping 

requirements. It is also a requirement that the carpark construction by undertaken whilst the 

services relocation and bridge construction is being initialised. In the process of constructing 

the car park, old kerbing and asphalt should be removed in the excavation stage. Thus, this 

will allow for the transportation department to implement the new water table (kerbing) 

alignments. The next phase of construction should be to remediation and configure the new 

pavement design of this car park. The cross fall of the car park should be checked by the 

contract surveyors before the asphalt layer is laid. Once this asphalt pavement has been laid 

and rolled, the final phase is to complete the line marking to the transportation departments 

configuration. Any required bollards can be bored in after the asphalt layer is completed.       

4.6.11.2 EXCAVATION (MEDIAN) 

The above-ground pavement construction is to be initiated at the successful completion of 

the abutments for both the tunnel bridge and the cross-river piles for the water pipe. As a 

preliminary first step, the centre median of Hackney Road is to be excavated and pulverized, 

to the required design depth as illustrated in Figure 86 below. The scheduled period for 

excavation has been set at 4 business days. The ideal time frame to restrict traffic flow along 

the stretch of Hackney Road is two weekend schedules. The works undertaken during this 

period will include the operation of a saw cut, excavator and road plant operation, traffic 

management and logistics for cart away of contaminated soil material. With close 

collaboration with the E8 Consulting Environmental Manager, the Geotechnical Department 

will determine the suitability of soil to be reused. Unless otherwise approved, the excavated 

material shall not be reused in the reinstatement of pavement and shall be removed from the 

project site in accordance with the E8 Consulting Environmental Management Plan, and the 

Environmental Protection Act.  
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4.6.11.3 LAYING OF PAVEMENT (MEDIAN) 

Following the excavation of the median and site safety barriers being erected around the site, 

the laying of pavement will commence. The Pavement Laying process, will be undertaken in 

sections of 200-300m, in order to minimise disruption. After backfilling has been completed, 

and selected fill has been compacted adjacent to and on top of the services, pavement 

material will be reinstated. Pavement material Class 2, will be filled in the excavation trench 

and uniformly compacted to 96% Maximum Modified Dry Density, as specified in Table 41.  

Following this, the subbase material, of 20mm crushed quarried rock, will be compacted to 

the level shown in Table 41. The Base and Asphalt surfacing layers will then be laid and 

compacted to the specifications detailed in Table 41. The process of compaction will comply 

with DPTI Earthworks for Roads Design Standard for granular soils and AS/NZ 2150 for 

asphaltic surface layers.  

Figure 86: Depth Reclamation Construction Sequence  
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4.6.11.4 LAYING OF PAVEMENT (CONFLICTING AREAS) 

Prior to excavation, the sheet piles will be drilled by vibrating hammer, in order to reach the 

required design depth. Following this, traffic will be diverted as detailed in the Transportation 

Department’s Detailed Design Brief (see Section 2). Following the sheet pile installation and 

initial excavation, temporary tie backs will be installed over the void for Bundeys Road, Park 

Road and Mann Road, to allow for the roof planks and slab to be installed. After the planks 

have been installed and the excavation to design depth is undertaken, the tunnel slab will be 

constructed. Once the all clear is received from the contractor, the laying of pavement will 

commence as detailed in Excavation (Median) 

 SUMMARY  

4.7.1 CONCLUDING REMARKS 

The Geotechnical Department has designed the following elements, with the upmost care 

and consideration for the community and the surrounding environment. When undertaking 

the associated works listed below, the Geotechnical Department has been extremely careful 

to minimise the overall cost to the client and to ensure long-term durability and quality. 

4.7.2  COSTING SUMMARY 

The following Table 42, summarises the associated costs of undertaking the geotechnical 

works for the O-Bahn City Access Project.  

Table 42: Summary of Costings 

Item Details Cost ($) 

Services Backfill and Abutment 

Design 
Materials, Labour and Machinery $ 152, 577 

Abutment Design Materials, Labour and Machinery $ 200, 351 

Sheet Pile Retaining Wall Materials, Labour and Machinery $24, 413, 194 

Base Slab Materials, Labour and Machinery $3, 855, 839 

Pavement Materials, Labour and Machinery $3, 008, 829 

TOTAL COST All Associated Works $ 31, 630, 792 
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5 STRUCTURAL DEPARTMENT 

The following section outlines the individual components incorporated for the O-Bahn City 

Access Project that were designed by the Structural Department within E8 Consulting, along 

with a construction methodology for the main elements. All components are designed to the 

appropriate Australian Standards by incorporating a combination of computer software 

analysis and hand calculations, whilst also being peer reviewed. There are three main 

components that were designed, these being the service (pipe) bridge, the tunnel under the 

ground surface and the tunnel bridge spanning the River Torrens. The tunnel was also 

afforded the required emergency egress, which is also detailed throughout this section. The 

emergency egress corridor is not evident within the last 120m when the tunnel returns to 

grade, as this is the maximum distance stated by Austroads to allow personnel to walk the 

remaining distance in order to exit the tunnel.  

The existing in-bound track will be realigned to coincide with the current outbound track, 

passing under Park Road. This will require the tunnel ceiling which is designed to be exposed 

to the applied loadings from passing traffic, whilst also applying the constructing 

methodology mentioned in Section 5.5. The tunnel structure has to be a minimum of 5.2m in 

height, as stated by government organisations. To account for ventilation fans and other 

services attached to the tunnel ceiling, the internal vertical distance from the top of the base 

slab to the underside of the tunnel ceiling will be 5.5m, resulting in a total height of 7m. The 

tunnel width will vary along the course of its alignment, which is displayed in Table 43. 

Table 43: Details of the Tunnel Width Along the Alignment  

Section Value Unit 

No egress corridor 8.1 m 

Egress corridor evident 9.8 m 

Egress Corridor Along with 

Stairway to Ground Surface 

11.9 m 
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 SERVICES PIPE BRIDGE 

The service (pipe) bridge is required to allow the water main to span across the River Torrens. 

The water main has an external diameter of 800mm, with an internal diameter of 756mm. 

The pipe is a mild steel cement lined pipe with a steel wall thickness of 8mm. The bridge is 

going to be designed on the basis that the 800mm diameter water main pipe will be 

essentially treated as a circular hollow section (CHS) spanning the required distances. 

5.1.1 PIPE STRUCTURE 

Whilst being the main structural element supporting the loads as the pipe spans the river, it 

will also provide the foundation for the maintenance walkway whereby personnel can access 

the entire pipe length if need be. For details regarding the pipe, refer to Section 3 of the 

Services Department. It must be noted that this is only a maintenance walkway and no 

pedestrian access will be granted, through the implementation of barrier secluding it from 

the surroundings. In order for this to occur pipe cradles are going to be connected to the 

concrete headstock (designed in Section 5.1.2). Metal bars are then going to be welded to the 

pipe cradle, in order for a level walkway to be constructed. As the walkway frame will require 

intermediate restraints along the length of the pipe, pipe collars will be utilised with the same 

bars welded to them. The walkway will consist of galvanised steel grates with the associated 

framing, whilst also consisting of a rail constructed to the top of the grate, allowing for 

maintenance personnel to attach their safety harnesses.  The walkway will also accommodate 

a services box to provide a housing for other services across the River Torrens. The final cross 

section of the configuration can be observed on Drawing 0002–SE-2017.  Table 44 and Table 

45 display the details and costings associated with the pipe structure respectively. It must be 

noted that the cost summary does not include the price of the pipe, for these details refer to 

Section 3 Services Department. The detailed analysis of the pipe structure can be found in 

Section 12.1.1 of Appendix D, with the detailed Drawing on sheet 0002-SE-2017. 
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5.1.1.1 SUMMARY TABLE 

Table 44: Details of the Pipe Structure 

Details Value Unit 

Outside Diameter of Pipe 800 mm 

Wall Thickness 8 mm 

Design Bending Moment 750 kNm 

Bending Moment Capacity 761 kNm 

Design Shear Force 173 kN 

Shear Force Capacity 1612 kN 

5.1.1.2 COSTING TABLE 

Table 45: Costing Table for Pipe Structure 

Detail Type Amount Unit Rate Cost ($) 

Pipe Cradles Supply 4 Item $625/Item 2,500 

Pipe Collars Supply 21 Item $150/Item 3,150 

Aluminium walkway Supply 78 m $195/m 

(800mm wide) 

15,210 

Aluminium walkway frame Supply 78 m $348/m 27,144 

Rail Supply 78 m $100/m 7,800 

Labour  1800 hr $30/hr 54,000 

Total   $109,804 

NOTE: Labour based on 3 workers for 12 weeks, working 5 days a week at 10 hours a day. 

 

5.1.2 HEADSTOCK 

The headstock will provide the main support for the pipe, as this member will distribute the 

applied loads from the pipe to the columns. There will be two headstocks required, to connect 

the pipe to the columns and reduce the overall span of the pipe structure. If the headstock 

was to be cast in-situ it would require tedious formwork which will not provide a feasible 

solution, therefore the headstocks will be precast members connected to the columns by 
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locating reinforcement. As the headstocks are considerably small elements, resulting in a 

weight efficient member, they can easily be located on top of the columns through the use of 

a crane. The cranes could be situated along the existing pedestrian/cyclist path running 

adjacent to the River Torrens in order to place the headstocks. Table 46 and Table 47 display 

the details and costings associated with the headstock respectively. The detailed calculations 

for the required headstocks can be found in Section Error! Reference source not found. of 

Appendix D, with the detailed Drawing on sheet 0003-SE-2017. 

5.1.2.1 SUMMARY TABLE 

Table 46: Details of the Headstock for the Services Bridge  

Details Value Unit 

Length 900 mm 

Height 500 mm 

Depth 350 mm 

Concrete grade 40 MPa 

Cover 30 mm 

Top reinforcement 3 N16 bars 

Bottom reinforcement 3 N16 bars 

Shear reinforcement N12 closed ligature at 250mm cts mm 

5.1.2.2 COSTING TABLE 

Table 47: Costing Table for the Headstocks for the Services Bridge  

Detail Type Amount Unit Rate Cost ($) 

Concrete (40 MPa) Supply 0.4 m3 $183/m3 73 

Reinforcement Supply 0.04 t $2470/t 100 

Crane work (20t) Supply and 

labour 

8 hr $150/hr 1,200 

Labour  240 hr $30/hr 7,200 

Total  $8,573 

NOTE: Labour based on 3 workers, working 8 days at 10 hours a day (including precasting).  
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5.1.3 COLUMNS 

In order to maintain the appropriate grade of the water main, whilst also adhering to the 

clearance guidelines above the existing pedestrian/cyclist footpath running adjacent to the 

River Torrens, the columns will be 7.5m in height with a diameter of 350mm. To ensure the 

pipe structure has sufficient structural capabilities to withstand the applied loadings, two 

columns will be implemented along the river embankment with a centre to centre spacing of 

26m. There will be a further 26m spacing between the columns and the abutment before the 

pipe returns underground. The column will not only have to withstand the applied loads of 

the pipe structure, but also have the structural capacity to withstand the wind loads acting 

on the column. Table 48 and Table 49 display the details and costings associated with the 

columns respectively. The detailed calculations for the required columns can be found in 

Section 12.1.3 of Appendix D, with the detailed Drawing on sheet 0003-SE-2017. 

5.1.3.1 SUMMARY TABLE 

Table 48: Details of the Columns for the Services Bridge  

Detail Value Unit 

Diameter 350 mm 

Height 7.5 m 

Centre to Centre Spacing Between Columns 26 m 

Concrete Grade 40 MPa 

Cover 40 mm 

Reinforcement 5 N20 Bars 

Stirrup Size 12 mm 

Stirrup Spacing 200 mm 
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5.1.3.2 COSTING TABLE 

Table 49: Costing Table for the Columns 

Detail  Amount Unit Rate Cost ($) 

Concrete (40 MPa) Supply 1.5 m3 $183/m3 275 

Reinforcement Supply 0.55 t $2470/t 1359 

Labour  400 hr $30/hr 12,000 

Total   $13,634 

NOTE: Labour based on 4 workers working 2 weeks at 10 hours a day (including precasting).  

 

5.1.4 OVERALL COSTS 

The overall cost estimate for the structural components of the services bridge, can be 

observed in Table 50. 

Table 50: Overall Cost of the Services Bridge 

Component Cost ($) 

Pipe structure $109,804 

Headstock $8,573 

Column $13,634 

Sub-Total $132,011 

Preliminaries $13,201 

Contingencies $13,201 

GST $13,201 

Total $171,614 

 

 

 TUNNEL BRIDGE 

The reinforced concrete tunnel bridge spans a total of 78 metres over the River Torrens will 

consist of a base slab, top slab and vertical walls. The buses will be travelling over the base 
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slab, whilst the top slab will be subjected to loading from pedestrians and cyclists above. To 

mitigate any additional stresses being transferred between the tunnel bridge and the tunnel 

under the ground surface, expansion joints will have to be implemented. The design loads 

due to self-weight, superimposed dead loads and live loads were calculated and modelled in 

the SpaceGass software package. Furthermore, the ultimate strength was determined 

through the use of the RAPT software package and hand calculations. The full calculations, 

including the software input and output are located in Appendix D. The construction 

methodology associated with the tunnel bridge can be found in Section 5.5.2. 

5.2.1 TUNNEL CELING 

The tunnel ceiling (or top slab) is 9.8 metres wide and spans the required length of the tunnel 

bridge (78 metres). The slab is subjected to live loads due to pedestrians and superimposed 

dead loads due to the solar panel pavers and the pedestrian/cyclist safety barriers. 

Furthermore, the green wall will be acting along the outer extremities of the slab. The 

ultimate strength for the ceiling was calculated in Section 12.2.6 of Appendix D, with the 

details and costing provided in Table 51 and Table 52 respectively. The detailed Drawing can 

be observed on sheet 0004-SE-2017.   

5.2.1.1 SUMMARY TABLE 

Table 51: Details of the Tunnel Bridge Ceiling 

Details Value Unit 

Concrete Grade 40 MPa 

Span Length 78 m 

Width 9.8 m 

Thickness 500 mm 

Concrete Cover 40 mm 

Tension Reinforcement N16 at 150 centres mm 

Compression Reinforcement N12 at 200 centres mm 
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5.2.1.2 COSTING TABLE 

Table 52: Costing Table for the Tunnel Ceiling 

Detail Type Amount Unit Rate Cost ($) 

Concrete (40 MPa) Supply 382 m3 $183/m3 69,906 

Concrete Pump 
Supply and 

labour 
382 m3 

$500 machine hire 

+ $29/m3 
11,578 

Reinforcement Supply 11.7 t $2470/t 28,899 

Formwork 
Supply and 

Install 
843 m2 180/m2 151,740 

Labour  1250 hr $30/hr 37,500 

Total   $299,623 

NOTE: Labour based on 5 workers working 5 weeks at 10 hours a day.  

5.2.2 TUNNEL WALLS 

The vertical tunnel walls will be 7 metres in height and span the full 78m. The walls will be 

subjected to a combination of horizontal wind loading and axial force due to the green wall 

and barriers. The ultimate strength calculations for the tunnel walls are found in Section 

12.2.7 of Appendix D, with the detailed Drawing on sheet 0005-SE-2017. A summary of the 

design details and costing are displayed in Table 53 and Table 54 respectively.  

5.2.2.1 SUMMARY TABLE 

Table 53: Details of the Tunnel Bridge Walls 

Detail Value Units 

Concrete Grade 40 MPa 

Span Length 78 m 

Height 7 m 

Thickness 400 mm 

Concrete Cover 40 mm 

Tension Reinforcement N12 at 200 centres mm 
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Compression Reinforcement N12 at 200 centres mm 

Horizontal Reinforcement N16 at 100 centres mm 

5.2.2.2 COSTING TABLE 

Table 54: Costing Table for Walls 

Detail Type Amount Unit Rate Cost ($) 

Concrete (40 MPa) Supply 437 m3 $183/m3 79,971 

Concrete Pump 
Supply and 

labour 
437 m3 

$500 machine hire 

+ $29/m3 
13,173 

Reinforcement Supply 6.74 t $2470/t 16,648 

Formwork 
Supply and 

Install 
2200 m2 180/m2 396,000 

Labour  2250 hr $30/hr 67,500 

Total   $573,292 

NOTE: Labour based on 5 workers working 9 weeks at 10 hours a day.  

5.2.3 BASE SLAB 

Similar to the tunnel ceiling, the base slab was 9.8 metres wide and spanned the full 78 

metres. The base slab was subjected to loading due to the buses and a worst case scenario of 

stationary bus loadings was also applied. Allowances were also made for pedestrians loaded 

in the egress corridor. The ultimate strength calculations for the base slab are located in 

Section 12.2.5 of Appendix D of this report, with the detailed Drawing on sheet 0006-SE-2017. 

Table 55 and Table 56 display the design details and costing respectively. 
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5.2.3.1 SUMMARY TABLE 

Table 55: Details for the Base Slab 

Details Value Unit 

Concrete Grade 40 MPa 

Span Length 78 m 

Width 9.8 m 

Thickness 500 mm 

Concrete Cover 40 mm 

Tension Reinforcement 

(Perpendicular to Traffic) 
N16 at 150 centres mm 

Compression Reinforcement 

(Perpendicular to Traffic) 
N16 at 300 centres mm 

Distribution Reinforcement 

(Parallel to Traffic) 
N12 at 300 centres mm 

Tension Reinforcement in Bottom 

Tension Chord (Parallel to Traffic) 
16 N50 bars (8 bars each side) mm 

5.2.3.2 COSTING TABLE 

Table 56: Costing of the Base Slab 

Detail Type Amount Unit Rate Cost ($) 

Concrete (40 MPa) Supply 382 m3 $183/m3 69,906 

Concrete Pump Supply and labour 382 m3 
$500 machine 

hire + $29/m3 
11,578 

Reinforcement Supply 33 t $2470/t 81,510 

Formwork Supply and Install 765 m2 180/m2 137,700 

Labour  750 hr $30/hr 22,500 

Total   $323,194 

NOTE: Labour based on 5 workers working 3 weeks at 10 hours a day. The costing associated 

with the temporary structure required is not considered in this summary. 
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5.2.4 OVERALL COST 

The overall cost estimate for the structural components of the tunnel bridge, can be observed 

in Table 57. 

Table 57: Overall Cost of the Tunnel Bridge 

Component Cost ($) 

Tunnel Ceiling $299,623 

Tunnel Walls $573,292 

Base Slab $323,194 

Sub-Total $1,196,109 

Preliminaries $119,611 

Contingencies $119,611 

GST $119,611 

Total $1,554,942 
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 TUNNEL 

5.3.1 TUNNEL CEILINGS 

The prestressed planks designed for this project are considered over four different scenarios. 

The first scenario consisted of a series of planks underneath Bundeys road, which when 

finalised were the basis for the ceiling tunnel planks under each road underpass. These planks 

were subject to M1600 traffic loads as a worst-case scenario, as well as the relevant dead 

loads such as self-weight, along with soil and road layers. These conditions were then 

superimposed onto an array of members in SpaceGass to determine the magnitude of the 

maximum bending moment and shear forces. Using the modelled design forces, 

reinforcement was then calculated. The designs final dimensions are as seen in Table 58, 

below.  

The second family of prestressed planks were subject to the same conditions but over a 

smaller effective span due to the absence of an egress corridor over certain tunnel sections. 

The final design of these planks over the absence of an egress corridor is seen in Table 59. The 

third scenario considered covered subterranean locations under park/ non paved land with 

an egress corridor span. These planks were subject to dead loads based on relevant soil and 

service pressure, whilst also being exposed to live loads equivalent to the weight of a service 

truck, ensuring service vehicles can still access the surface areas. The final dimensions of the 

prestressed plank designed to support this load can be found in 

 

Table 60. The last plank designed was subject to the same loads as the previously mentioned 

but under the condition where an egress corridor was not required, with the details in Table 

61. 

The tunnel ceiling precast prestressed support planks are installed along the tunnel alignment 

and positioned next to each other in their respective position upon the structural support 

concrete pads. From geometric analysis it was found that minimal structural gaps in the radial 

tunnel sections would impact our design such that proprietary measures are not required. A 

thin top cover of In-situ concrete is poured over the installed prestressed planks which creates 

a levelled tunnel ceiling, along with mitigating spacing issues due to the curve and acts as 
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additional waterproofing. The detailed calculations for the design of the four different tunnel 

ceiling components (planks) can be found in Section 12.3.1 of Appendix D, with the detailed 

Drawings commencing from sheet 0008-SE-2017. 

5.3.1.1 SUMMARY TABLE 

Table 58: Prestressed Road Planks (Egress Tunnel) 

Detail Value Unit 

Clear Span 9.8 m 

Length 10.67 m 

Width 2 m 

Depth 600 mm 

Concrete Strength 65 MPa 

Strands 13 × Ф15.2 (Bottom) mm 

Reinforcement 2N12 (Top) mm 

Ligatures 4 N12 (8 Legs) mm 

Cover 25 mm 

Table 59: Prestressed Road Planks (No Egress Tunnel) 

Detail Value Unit 

Clear Span 8.1 m 

Length 8.97 m 

Width 2 m 

Depth 600 mm 

Concrete Strength 65 MPa 

Strands 10 × Ф15.2 (Bottom) mm 

Reinforcement 2N12 (Top) mm 

Ligatures 4 N12 (8 Legs) mm 

Cover 25 mm 
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Table 60: Prestressed Park Planks (Egress Tunnel) 

Detail Value Unit 

Clear Span 9.8 m 

Length 10.67 m 

Width 2 m 

Depth 500 mm 

Concrete Strength 65 MPa 

Strands 14 × Ф15.2 (Bottom) mm 

Reinforcement 2N12 (Top) mm 

Ligatures 4 N12 (8 Legs) mm 

Cover 25 mm 

 

Table 61: Prestressed Park Planks (No Egress Tunnel) 

Detail Value Unit 

Clear Span 8.1 m 

Length 8.97 m 

Width 2 m 

Depth 500 mm 

Concrete Strength 65 MPa 

Strands 10 × Ф15.2 (Bottom) mm 

Reinforcement 2N12 (Top) mm 

Ligatures 4 N12 (8 Legs) mm 

Cover 25 mm 
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5.3.1.2 COSTING TABLE 

Table 62: Costing for the Tunnel Ceiling (Precast Planks)  

Item Description Type 
No. 

Planks 
Amount Unit Rate Total ($) 

9.8m span Prestressed 

Road Plank Egress Tunnel 
Material 30 384 m3 $1700/m3 652,800 

8.1m span Prestressed 

Road Plank No Egress 

Tunnel 

Material 30 323 m3 $1700/m3 549,100 

9.8m span Prestressed Park 

Plank Egress Tunnel 
Material 230 2454 m3 $1700/m3 4,171,800 

8.1m span Prestressed Park 

Plank No Egress Tunnel 
Material 10 90 m3 $1700/m3 153,000 

Crane Work 

(20 Tonne) 

Supply & 

Install 
- 360 Hours $150/Hour 54,000 

Total  $5,580,700 

 

5.3.2 CONCRETE PAD (CONNECTOR BETWEEN CEILING AND WALL) 

As the tunnel ceiling planks are precast, they require a base in which they can be effectively 

connected to the sheet pile wall. Therefore, it was decided that a concrete pad would have 

the structural capabilities to form the connection and resist the applied loadings, most 

notably shear forces from the bearing pressures. The concrete pad will require a steel plate 

to be welded to the top of the sheet pile wall, providing a surface on which shear studs are to 

be connected. The shear studs will provide an adequate bonding surface allowing the applied 

loadings to be transferred between the required structural components. A cast in situ 

concrete pad was designed to resist the crushing forces present, whilst reinforcement and 

shear studs were designed to form a connection between the mild steel plates. The 

reinforcement required in the concrete pad will be fixed into the precast planks, due to higher 

level of accuracy as a result of being constructed in a controlled environment.  
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This concrete pad is installed directly over the sheet pile walls and in conjunction with the 

welded mild steel plates, creating a composite connection. Resultant forces transferred to the 

concrete pads are subsequently either directed into axial forces withstood by the sheet pile 

retaining walls or into shearing cases withstood by the reinforcement present in the ceiling 

planks and shear studs. The concrete pads are to be chamfered to avoid any cracking from 

plank deflection while in use. Summary Table 

 Table 63 displays the details of the concrete pad, while costing Table 64 provides a cost 

estimate. The detailed calculations for the concrete pad can be found in Section 12.3.2 of 

Appendix E, with the detailed drawings commencing from sheet 0012-SE-2017. 

5.3.2.1 SUMMARY TABLE 

 Table 63: Details for the Concrete Pad 

Detail Value Unit 

Pad Length 600 m 

Pad Width 440 mm 

Pad Depth 75 mm 

Concrete Strength 20 MPa 

Shear Studs 4 Per m 

Shear Reinforcement 8 N20 Per Plank 

Plate Length 600 m 

Plate Width 440 mm 

Plate Depth 10 mm 

Cover 25 mm 
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5.3.2.2 COSTING TABLE 

 Table 64: Costing for the Concrete Pad 

Item Description Type Amount Unit Rate Total ($) 

Concrete Pad  Material 19.8 m3 $167/m3 3,306 

Shear Studs Material 4,800 - $4.50/Per Unit 21,600 

Shear Reinforcement Material 3.44 t $2470/t 8,495 

Steel Plate Material 528 m2 $300/m2 158,400 

Formwork Supply and 

Install 

420 m2 180/m2 75,600 

Labour   14000 hr $30/hr 420,000 

Total  $687,401 

NOTE: Labour based on 5 workers working 14 months at 10 hours a day. 

5.3.3 BARRIERS 

The road safety barriers are located along both sides of the ramp above the tunnel portal as 

seen in Figure 87. The main objective of the safety barrier is to prevent accidents occurring 

along the created grade separation on Hackney Road. The barrier is a 155m long reinforced 

concrete structure that is attached to the top of the sheet pile. The connection between the 

traffic barrier and the sheet pile retaining wall will require a steel plate to be welded to the 

top of the wall. Starter bars can then be welded to the top of the plate allowing for an effective 

connection between both components. Due to roads such as Cambridge Street and Plane Tree 

Drive terminating in a position perpendicular to the barrier, a vehicular collision with its 

applied load acting perpendicular or transversely to the structure is possible. This prompted 

a conservative approach to the load application and steel selection. The details of the detailed 

barrier can be observed in Table 65, with a cost estimate evident in  

Table 66. The detailed calculations for the road safety barriers can be found in Section 12.3.3 

of Appendix D, with the detailed Drawing on sheet 0016-SE-2017. 
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Figure 87: Barrier Location 

5.3.3.1 SUMMARY TABLE 

Table 65: Barrier Summary Table 

Detail Value Unit 

Barrier Height 1.5 m 

Barrier Bottom Thickness 0.800 m 

Barrier Top Thickness 0.200 m 

Barrier Average Thickness 0.500 m 

Barrier Length 155 m 

Concrete Strength 32 MPa 

Concrete cover 40 mm 

Crack Control Reinforcement N24-125 cts mm 

Tension/Compression Reinforcement N12-125 cts mm 

 

 

 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 243 | 708 

Version 2.0 

5.3.3.2 COSTING TABLE 

Table 66: Barrier Cost 

Detail Type Amount Unit Rate Cost ($) 

Concrete (32 MPa) Supply 232.5 m3 $175/m3 40,687 

N12Reinfrocement 
Supply and 

Install 
9.3 t $2470/t 

22,971 

 

N24 Reinforcement 

 

Supply and 

Install 
21.39 t $2470/t 

52,833 

 

Formwork 
Supply and 

Install 
129.2 m2 180/m2 23,256 

Concrete Pump 
Supply and 

labour 
232.5 Hr 

$500 machine hire 

+ $29/ m3 
7,257 

Labour  256 Hr $30/hr 7,680 

Total   $154,684 

NOTE: Labour based on 4 workers working 2 weeks at 10 hours a day. 

5.3.4 OVERALL COST  

The overall cost estimate for the structural components of the tunnel structure, can be 

observed in Table 67. 

Table 67: Overall Cost of the Tunnel Bridge 

Component Cost ($) 

Tunnel Ceiling $5,580,700 

Concrete Pad $687,401 

Barriers $154,685 

Sub-Total $6,422,786 

Preliminaries $642,279 

Contingencies $642,279 

GST $642,279 

Total $8,349,623 
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 TUNNEL EXCAVATION 

Due to the nature of the structure being built a major risk associated with tunnels is fire 

protection, as there is a possibility of accidents occurring resulting in the ignition of fires 

causing staggering amounts of damage and possible loss of life.  With this in my mind, the 

safety of road users within both tunnel structures is paramount. As previously stated the 

egress/services corridor is going to span along the entire length of the tunnel alignment 

excluding the last 120m when returning to grade. The egress corridor will be fire rated and 

the width will vary between the tunnel bridge and the tunnel structure beneath the ground 

surface. To ensure personnel can return to ground surface, an egress stairway is going to be 

implemented.  

5.4.1 EGRESS/SERVICES CORRIDOR 

5.4.1.1 SUSPENDED SLAB 

The suspended slab is regarded as a one-way slab which is not in direct contact with the 

ground. It serves multiple functions as it acts as a ceiling and floor, while being situated in the 

egress and services corridor. Due to the egress and services corridor being located within the 

tunnel bridge over the River Torrens and tunnel beneath the ground, the span and widths 

vary. This is due to the tunnel bridge spanning a shorter distance compared to the tunnel, 

while the width from the outside edge of the wall to the supporting frame of the Speedpanels 

varies along the alignment. The suspended slab is 1.475 metres wide within the tunnel bridge 

over the River Torrens and alternatively 1.7 m wide within the tunnel beneath ground. In 

conjunction to this, the suspended slab spans the entire length of Tunnel Bridge over the River 

Torrens which is 78 m, while the suspended slab spans 600m of the tunnel beneath the 

ground. The details of the suspended slab in the tunnel bridge and the tunnel beneath ground 

surface can be seen in Table 68 and Table 69, with a cost estimate provided in Table 70. The 

ultimate strength, shear capacity and crack control for shrinkage and temperature effects was 

calculated in Section 12.4.1.1 of Appendix D, with the detailed Drawings commencing from 

sheet 0017-SE-2017. 
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5.4.1.1.1 SUMMARY TABLE 

Table 68: Details for the Suspended Slab in Egress and Services Corridor for Tunnel Bridge 

Detail Value Unit 

Concrete Grade 32 MPa 

Span Length 78 m 

Width 1.475 m 

Thickness 90 mm 

Concrete Cover 25 mm 

Tension Reinforcement N12 at 300 centres mm 

Crack Control Reinforcement N12 at 300 centres mm 

 

 

Table 69: Details for the Suspended Slab in Egress and Services Corridor for Tunnel Beneath the Ground 

Detail Value Unit 

Concrete Grade 32 MPa 

Span Length 382 m 

Width 1.7 m 

Thickness 90 mm 

Concrete Cover 25 mm 

Tension Reinforcement N12 at 300 centres mm 

Crack Control Reinforcement N12 at 300 centres mm 
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5.4.1.1.2 COSTING TABLE 

Table 70: Costing of Suspended Slab in Egress and Services Corridor for Tunnel Bridge 

Detail Type Amount Unit Rate Cost ($) 

Concrete (32 MPa) Supply  84.1 m3 $175/m3 14,717 

Concrete Pump 
Supply and 

labour  
84.1 m3 

$500 machine 

hire + $29/m3 
2,938 

Reinforcement Supply  2.44 t $2470/t 6,026 

Formwork 
Supply and 

Install 
120 m2 $180/m2 208,080 

Labour   3300 hr $30/hr 99,000 

Total   $330,763 

NOTE: Labour based on 3 workers working 22 weeks at 10 hours a day. 

5.4.1.2 SPEEDPANEL 

Speedpanels are a fire and acoustic rated lightweight walling system, made from gauge steel 

shells, filled with an aerated concrete core.  With a fire rating of -240/240 FRL, which 

translates to 240 minutes, this satisfies the requirements for tunnel protections stated in 

Australian Standards and Regulations.   Speedpanels are vigorously tested and certified to the 

highest degree, in order to contain gulfs of flames in the event of an emergency. This is in 

order to protect people as they make their way to and down the egress and services corridor, 

where the Speedpanel wall system will be installed.  

Being constructed from recycled materials, Speedpanels offer a sustainable approach to 

safety, while offering a high performance for a guaranteed 100 year lifespan. Due to the size 

restraints of both tunnel structures, a number of options were entertained in terms of 

orientation of installment, and Speedpanel size.  

It was decided by the Structural Department that the most applicable option for installment 

was a horizontal method. The horizontal stacked installation method effectively allows aan 

efficient installation period in regards to time and cost, and an unlimited height can be 

implemented due to the availability of custom lengths. The horizontal installment method for 

the Speedpanel wall system located in the egress and services corridor was provided in 

Section 12.4.1.2 of Appendix D. 
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5.4.1.2.1 PANELS AND ASSOCSIATED COMPONENTS   

The Structural Department suggest the use of a 78mm panel thickness, which is readily 

available to suit any Australian Standards and Regulations in terms of fire rating. The 7 mm 

panel also offers added lengths in terms of span, as it fits the requirements in terms of 

measurements between SHS columns supporting the Speedpanel wall system. The 78 mm 

panel dimensions are provided in Section 12.4.1.2.1 of Appendix D. The Structural 

Department suggest the use of equal angle head tracks as a connection component to the 

Speedpanel wall system, as it allows the encapsulation of square and rectangle beams or 

columns. For this particular design, the equal angle head track will be incorporating a 100 × 

100 × 2 SHS column. The equal angle head track also allows for simple installation procedures 

which will effectively increase the speed of installation.  The details of the Speedpanels and 

associated components are displayed in Table 71, with a cost estimate provided in Table 72. 

5.4.1.2.1.1 SUMMARY TABLE 

Table 71: Details of 78 mm Speedpanels and Accompanying Components 

Detail Value Unit 

Panels required  2240 No. 

m2 of panels needed 3080 No. 

Packs required 160 No. 

Height 285 mm 

Thickness 98 mm 

Equal Angle Head Track 140 Equal Angles 

Cover Skin 560 m 
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5.4.1.2.1.2 COSTING TABLE 

Table 72: Costing of 78 mm Speedpanel 

Detail Type Amount Unit Rate Cost ($) 

78 mm Panels Supply 3080 m2 $75/m2 281,000 

Equal Angle 

Head Tracks 

Supply 140 Item $66.36/Item 9,290 

Cover skin Supply 560 m $5/m 2,800 

Cutting Supply 160 Packs $52.50/pack 8,400 

Labour   2700 hr $30/hr 81,000 

Total   $382,490 

NOTE: Labour based on 3 workers working 18 weeks at 10 hours a day. 

 

5.4.1.2.2 FRAME/COLUMN 

The frame/column used in order to add structural integrity to the Speedpanel wall system, 

which is non load bearing wall, will be a 100 × 100 × 2 SHS column, with a height of 5 m. The 

SHS column will undergo an axial compressive load and bending moment caused by an 

eccentricity from the use of the equal angle head tracks installed for the Speedpanel wall 

system. The use of a C head track will be installed as a connection between the top of the 

tunnel ceiling and the top of the SHS column. This will allow the tunnel ceiling to move 

independently of the Speedpanel, resulting in no loads being transferred between the two 

components. The calculations for axial compression, bending moment and combined actions 

can be found in Section 12.4.1.2.3.2 of Appendix D, with a summary of the details displayed 

in Table 73 and a cost estimate provided in Table 74.  
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5.4.1.2.2.1 SUMMARY TABLE 

Table 73: Details for SHS Speedpanel Column 

Detail Value Unit 

Steel Weight 76.9 kN/ m3 

Height 5.5 m 

Depth 100 mm 

Breadth 100 mm 

Wall Thickness 2 mm 

 

5.4.1.2.2.2 COSTING TABLE 

Table 74: Costing of SHS Speedpanel Column 

Detail Type Amount Unit Rate Cost ($) 

Steel Supply 4.7 t $2470/t 11,609 

Labour  450 hr $30/hr 13,500 

Total   $25,109 

NOTE: Labour based on 3 workers working 3 weeks at 10 hours a day. 
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5.4.2 EGRESS STAIRWAY TO GRADE 

Along the northern side of the tunnel alignment, two egress stairways are to be implemented 

as displayed in Figure 88. These particular locations were identified as they both are relatively 

close to the road, allowing emergency services easy access in the case of an emergency. 

During construction, the void of the egress stairways will be utilised as ramp areas prior to 

stair installation allowing plant and machinery access/exit locations along the length of the 

tunnel. 

 

Figure 88: Egress Stairway Location  

The stairway will be orientated in a scissor half landing type configuration as displayed in 

Figure 89, with the geometric requirements adhering to AS1657-2013 along with the National 

Construction Code (formerly BCA). 
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Figure 89: Scissor Half Landing Stairway Configuration 

5.4.2.1 STAIRS 

In order to allow personnel to travel from the level of the base slab, back to the ground surface 

stairs are going to be implemented in three flights. The height of the stairs were dictated by 

the required geometry, whilst also considering the purpose of different levels in the 

egress/services corridor. For example, flight 1 will allow access to the services corridor above 

the emergency egress corridor. Flight 1 and flight 2 will be identical in geometry with a vertical 

and horizontal span of 2.8m and 4m respectively, while flight 3 will have a vertical and 

horizontal span of 1.225m and 1.602m respectively. The stairs will be subject to dead and live 

loading, with the detailed calculations in Section 12.4.2.1 of Appendix D, while a summary of 

the stair components for each individual flight is displayed in Table 75 and Table 76. A cost 

estimate is provided in Table 77, with the detailed Drawing on sheet 0019-SE-2017.  

5.4.2.1.1 SUMMARY TABLE 

Table 75: Details of the Stairs for Flight 1 and 2 

Details Value Unit 

Horizontal Span 4000 mm 

Vertical Span 2800 mm 

Stairs 
16 

(including riser to landing) 
number 
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Rises 175 mm 

Goings 267 mm 

Throat 180 mm 

Concrete grade 32 Mpa 

Cover 25 mm 

Main reinforcement N12 at 200mm cts bars 

Crack control reinforcement N12 at 300mm cts bars 

NOTE: For stair terminology refer to Section 12.4.2.1.1 of Appendix D. 

 

Table 76: Details of the Stairs for Flight 3 (Underside of Ceiling to Ground Surface) 

Details Value Unit 

Horizontal Span 1602 mm 

Vertical Span 1225 mm 

Stairs 
7 

(including riser to landing) 
number 

Rises 175 mm 

Goings 267 mm 

Throat 180 mm 

Concrete grade 32 Mpa 

Cover 25 mm 

Main reinforcement N12 at 200mm cts bars 

Crack control reinforcement N12 at 300mm cts bars 

NOTE: For stair terminology refer to Section 12.4.2.1.1 of Appendix D. 
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5.4.2.1.2 COSTING TABLE 

Table 77: Cost of the Stairs 

Detail Type Amount Unit Rate Cost ($) 

Flight 1 

Concrete (32MPa) Supply 1.23 m3 $175/m3 215 

Reinforcement Supply 0.05 t $2470/t 124 

Flight 2 

Concrete (32MPa) Supply 1.23 m3 $175/m3 215 

Reinforcement Supply 0.05 t $2470/t 124 

Flight 3 

Concrete (32MPa) Supply 0.53 m3 $175/m3 93 

Reinforcement Supply 0.02 t $2470/t 50 

Concrete Pump 
Supply and 

labour 
2.89 m3 

$500 machine hire + 

$29/m3 
584 

Formwork  
Supply and 

install 
10 m2 $180/m2 1,800 

Labour  100 hr $30/hr 3,000 

Total   $6,205 

NOTE: Labour based on 2 workers working 1 week at 10 hours a day. 

5.4.2.2 LANDINGS 

Landings refer to the concrete slab that separates one flight of stairs from the next.  The main 

purpose of the landings is to support the staircase, whilst also reducing the overall height of 

the staircase adhering to AS1657-2013. The maximum number of risers in a staircase is 18, 

therefore by implementing a landing it provides an interruption in the number of risers, 

preventing a person from falling down the entire stairway. The landing at the tunnel base is 

going to accommodate for disabled personnel. The detailed calculations for the landings can  

be found in Section 12.4.2.2 of Appendix D, with the detailed Drawing on sheet 0019-SE-2017. 

A summary of the design details are displayed in Table 78 and Table 79, with a cost estimate 

provided in Table 80. It must be noted the same dimensions of the landing slab will be 
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implemented as a roof to the emergency egress stairway. The roof slab will be adequately 

fixed to the walls of the stairway ensuring loads are transferred effectively between 

components. 

5.4.2.2.1 SUMMARY TABLE 

Table 78: Details of the Landing on the Base Level 

Details Value Unit 

Length 2500 mm 

Width 2100 mm 

Thickness 320 mm 

Concrete grade 32 Mpa 

Cover 25 mm 

Main reinforcement N12 at 275mm cts bars 

Crack control reinforcement N12 at 300mm cts bars 

Table 79: Details of the Remaining Landings  

 

Details Value Unit 

Length 1500 mm 

Width 2100 mm 

Thickness 180 mm 

Main reinforcement N12 at 275mm cts bars 

Crack control reinforcement N12 at 300mm cts bars 
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5.4.2.2.2 COSITNG TABLE 

Table 80: Costing of the Landings 

Detail Type Amount Unit Rate Cost ($) 

Concrete (32 MPa) Supply  2.65 m3 $175/m3 464 

Concrete Pump Supply and labour 2.65 m3 
$500 machine hire + 

$29/m3 
577 

Reinforcement Supply 0.36 t $2470/t 889 

Formwork Supply and install 10 m2 $180/m2 1,800 

Labour  100 hr $30/hr 3,000 

Total   $6,730 

NOTE: Labour based on 2 workers working 1 weeks at 10 hours a day. 

5.4.2.3 WALLS 

The walls are the main structural components within the egress stairway, as they not only 

support the entire stair case and landings, but they also resist lateral earth pressures from the 

soil. Within the egress stair they are going to be four additional concrete walls cast in-situ, 

with one wall having the provisions for a doorway allowing the stairway to be operational. 

The walls will be 9.65m in height spanning from the tunnel slab to ground level. This height 

also allows the wall to protrude the ground surface by 2.4m allowing the stairway to be 

secluded from its surroundings. The detailed calculations for the walls are found in Section 

12.4.2.3 of Appendix D, with the detailed Drawing on sheet 0019-SE-2017. A summary of the 

design details are displayed in Table 81 and 

Table 82, with a cost estimate provided in Table 83. 
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5.4.2.3.1 SUMMARY TABLE 

Table 81: Details of the Walls Not Supporting a Landing   

Details Value Unit 

Height 9650 mm 

Width 8000 mm 

Thickness 250 mm 

Concrete grade 32 Mpa 

Cover 45 mm 

Top reinforcement N20 at 200mm cts in both 

directions 

bars 

Bottom reinforcement N20 at 100mm cts in both 

directions 

bars 

 

Table 82: Details of the Walls Supporting a Landing   

Details Value Unit 

Height 9650 mm 

Width 2100 mm 

Thickness 250 mm 

Concrete grade 32 MPa 

Cover 45 mm 

Top reinforcement 
N16 at 200mm cts in both 

directions 
bars 

Bottom reinforcement 
N16 at 100mm cts in both 

directions 
bars 

 

5.4.2.3.2 COSTING TABLE 

Table 83: Costing of the Stairway Walls 

Detail Type Amount Unit Rate Cost ($) 
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Concrete (32 MPa) Supply 30 m3 $175/m3 5,250 

Concrete Pump 
Supply and 

labour 
30 m3 

$500 machine hire 

+ $29/m3 
1,370 

Reinforcement Supply 6.5 t $2470/t 16,055 

Formwork 
Supply and 

install 
240 m2 $180/m2 43,200 

Labour  500 hr $30/hr 15,000 

Total   $80,875 

NOTE: Labour based on 5 workers working 2 weeks at 10 hours a day. 

5.4.3 OVERALL COST FOR TUNNEL EVACUATION 

The overall cost estimate for the structural components associated with the tunnel 

evacuation, can be observed in Table 84. 

Table 84: Overall Cost of the Tunnel Evacuation Components  

Component Cost ($) 

Egress/services corridor 

Suspended Slab $330,763.20 

Speedpanel $382,490.00 

Speedpanel Frame $25,109.00 

Egress stairway 

Stairs $6,205 

Landings $6,730 

Walls $80,875 

Sub-Total $832,172 

Preliminaries $83,217 

Contingencies $83,217 

GST $83,217 

Total $1,081,823 
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 CONSTRUCTION METHODOLOGY  

5.5.1 TUNNEL CONSTRUCTION METHOD 

The tunnel will be constructed using a combination of sheet piling, in-situ concrete and finally 

backfill. However due to the tunnels location and composition it must be constructed 

following a certain methodology to ensure continuity of work. The initial step after site 

mobilisation is to begin sheet piling, this will form the permanent wall structure and retaining 

wall. Excavation to a 4m depth will ensure the sheet pile wall will not deflect due to lateral 

earth pressure. Throughout the excavation and construction phase the egress stairway to 

grade will be used as a ramp to allow earthmoving plant and construction equipment access. 

The roof planks will be installed to resist the lateral earth pressure, then excavate to target 

depth. Once target depth is achieved the sub-grade and base slab can be constructed and 

tunnel fitout can begin. Outlined below is the preferred method of construction, however 

improvements to the construction method can be altered with approval from E8 Consulting. 

5.5.1.1 PILING 

Begin sheet piling from the bridge abutment towards the crest of the ramp, to ensure a neat 

connection between the sheet pile wall and the abutment. Piling will commence on both sides 

simultaneously, allowing for the construction of the concrete pad to be completed on both 

sides. Table 85 outlines the piling sequence to ensure multiple working fronts for continuity 

of works. 

Table 85: Piling Sequence 

Beginning Chainage End Chainage Direction of Piling Total length (m) 

Abutment 890 South Bound (Both sides) 500 

1180 1320 (E. Egress) North Bound 140 

1320 1520 (E. Egress) North Bound 400 

1520 1720 North Bound 400 
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Figure 90: Tunnel Alignment 

Piling will require a sufficient width and depth to allow the piling rig to drive the sheet, while 

also allowing adequate space for the concrete pad to be constructed. Any piling across or 

along the road will require road plates to reinstate traffic while works are on hold. This Piling 

sequence will dictate the order in which the concrete pad is constructed and roof planks are 

installed.   

5.5.1.2 CONCRETE PAD CONSTRUCTION 

A trench is required either side of the sheet pile to allow the pile to be cut to target height, 

while also allowing the concrete pad to be constructed. A steel plate is welded to the top of 

the sheet pile then construction of the concrete pad can commence. The corbel is constructed 

simultaneously each side of the alignment to allow the installation of the precast planks, after 

sufficient curing time. Figure 91 demonstrates the trench excavation required.  

 

Figure 91: Piling Trench 

 

 

Trench 

Cut off at 

target Height 
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5.5.1.3 EXCAVATION 

Once the concrete pad is constructed, excavation can proceed to a maximum depth of 4m for 

the installation of the precast roof planks, as displayed in Figure 92. Excavation beyond this 

depth may cause the sheet pile wall to deflect or catastrophically fail, therefore strict 

adherence to the temporary depth is critical.  

 

Figure 92: Excavation 

5.5.1.4 INSTALL TUNNEL CEILING 

After the concrete pad has been constructed and the concrete has had adequate time to cure, 

the precast planks can be installed, as demonstrated in Figure 93. The planks will transfer the 

lateral pressure of the earth pressing against the sheet pile wall to the opposite side creating 

equilibrium in these forces. This allows excavation under the sections of tunnel to reach target 

depth. 

 

Figure 93: Plank Installation 

4m 
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Pre-Cast Roof Plank 
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5.5.1.5 EXCAVATION TO TARGET DEPTH 

The tunnel can now be excavated to target depth, as displayed in Figure 94. The target depth 

will need to encompass the base slab of 500mm thick, along with a sub base thickness of 

approximately 600mm. 

 

Figure 94: Target Depth Excavation 

5.5.1.6 PREPARATION AND CONSTRUCTION FOR BASE SLAB 

To improve the bearing capacity of the material beneath the base slab a sufficient sub grade 

is required. The Sub grade will be compacted in 150mm layers up to a total depth of 600mm, 

providing an adequate supporting base for the base slab to be constructed. For information 

regarding the base slab and sub grade refer to Section 4, Geotechnical Department. The base 

slab connection to the sheet pile and the required reinforcement are installed and the slab is 

poured. 

 

 

Figure 95: Base Slab Construction 
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5.5.1.7 INSTALL EGRESS/SERVICES CORRIDOR SPEED PANEL STRUCTURAL 

FRAME 

In order to maintain access to pour the suspended slab, the structural frame work required 

for the Speedpanel and the suspended slab must be erected without the implementation of 

the Speedpanels, as shown in Figure 96. The suspended slab for the services corridor can be 

poured once the framing is erected to specification. 

 

Figure 96: Suspended Slab and Egress Corridor Framework 

5.5.1.8 TUNNEL FIT OUT 

Upon the completion of the major structural components of the tunnel, the fit out of the 

Speed Panel wall and services can begin. Figure 97 displays a completed cross section of the 

tunnel. 

 

Figure 97: Tunnel Fit Out 
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5.5.2 BRIDGE CONSTRUCTION METHOD 

5.5.2.1 TEMPORARY SUPPORT STRUCTURE 

After the construction of the bridge abutment a temporary supporting structure must be 

erected to support the formwork required for the construction of the tunnel bridge. 

5.5.2.2 BASE SLAB CONSTRUCTION  

The base slab is to be poured in segments along the support structure. Make sure to green 

cut or scrabble any construction joints. Starter bars are required across the construction joint 

between the wall and base slab, as demonstrated in Figure 98. 

 

Figure 98: Base Slab Construction 

5.5.2.3 WALL CONSTRUCTION  

After the base slab has achieved strength commence the wall pour as per design. During 

placement of the concrete, during curing and upon removal of the form work temporary 

propping is required to support the wall until the roof is constructed. This is to provide extra 

support to withstand construction loads, as the wall no now resemble a cantilever. Figure 99 

displays the temporary propping required. 

Support Structure 

Base Slab 
Starter Bars 
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Figure 99: In-situ Wall Construction 

5.5.2.4 ROOF CONSTRUCTION  

After the wall concrete has achieved strength roof, install Bondeck and reinforcement for the 

roof and pour the concrete. 

 

Figure 100: In-Situ Roof Construction 
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5.5.2.5 BRIDGE FIT OUT 

Once the roof has had sufficient curing time, the tunnel bridge can then be fit out with the 

required services and structural components as mentioned in the tunnel construction 

methodology. Figure 101 demonstrates a completed cross section of the tunnel bridge    

 

Figure 101: Bridge Fit Out 

 OVERALL COSTING FOR STRUCTURAL COMPONENTS 

The overall cost estimate for the structural components associated with the tunnel solution, 

can be observed in Table 86. 

Table 86: Overall Cost of the Tunnel Evacuation Components  

Component Cost ($) 

Services Bridge $171,614 

Tunnel Bridge $1,554,942 

Tunnel $8,349,623 

Tunnel Evacuation $1,081,823 

Total $11,158,002 

NOTE: Total cost includes GST. 
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6 URBAN PLANNING DEPARTMENT 

The Urban Planning Department has considered all aspects of this project, and consider it 

from a community standpoint. This is to ensure that this project enhances the community at 

the completion of the project. This section will discuss the laydown area, vegetation 

management and the design of the shared pathway. The Urban Planning Department’s 

section also includes the aesthetical design of the services bridge, exit of the tunnel, interior 

of the tunnel, bridge façade and deck of the footbridge. The Urban Planning Department’s 

aim is to provide effective solutions to the constantly evolving requirements of the general 

public. The department collaborates closely with all of the other engineering departments 

within E8 Consulting to produce the best possible solution.  

 LAYDOWN AREA 

The O-Bahn City Access Project requires a laydown area, which is a storage space for all 

deliveries that come onto the work site as well as being an area dedicated to any partial 

assemblies of project equipment. The laydown area can be a temporary storage space for any 

soil or waste that is produced during the project. For the O-Bahn City Access Project the 

selected laydown area is shown in Figure 102.  

 

Figure 102: Laydown Area 
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As can be seen in Figure 102, the laydown area is located in vacant urban land. The section of 

land chosen is the best section of land as it avoids any vegetation removal and it avoids any 

land acquiring.  

 

Figure 103: Land Use - Generalised Map 

 VEGETATION MANAGEMENT 

Urban Planning’s role in tree and vegetation management goes beyond the standard 

environmental concerns which are predominantly handled by E8 Consulting’s Environment 

Department. The Urban Planning Department’s vision is one of improving the amenity of the 

public space through the type and location of flora. This is through maintaining the existing 

where possible, creating features out of new plantings and designing green pathways. 

Urban Planning’s interest in the management of flora looks at what is the most beneficial 

outcome for the greater community. The study and associated proposals are particularly 
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required around the Adelaide Parklands due to the heritage and social factors, as well as the 

policies that are summed up in the Adelaide Park Lands Act 2005. 

The proposed vegetation are plants that are indigenous to the local area and would have been 

found here prior to European settlement in the early 1800’s. The species of vegetation have 

been selected from what is currently commercially available. This is in line with the 

requirements of the Park Lands Act 2005.  

Hackney Road currently has a number of exotic species on each side, Plane Trees which are a 

feature of the Botanic Gardens. The Urban Planning Department’s design does not interfere 

with these trees, rather it promotes them by visually opening up the entrance to them from 

Hackney Road. 

In addition to this, the Urban Planning Department is aware that South Australia is the driest 

state of the driest continent and therefore water is always a concern. In recent years a 

reclaimed water main supplying water from the Glenelg North area has been pumped around 

the metropolitan area, this is shown in Figure 106. This is used primarily for irrigation and is 

beneficial in that water previously going waste in the Gulf of St Vincent is being used as an 

alternative to the limited resource of treated potable water. Irrigation systems and selected 

plant species have been based around these ideals. 

6.2.1 ACTS, REGULATIONS AND GUIDELINES  

There are several Acts, Regulations and Guidelines which have an influence on Urban 

Planning’s rationale. These are summed up in the following sections. 

6.2.1.1 SOUTH AUSTRALIA DEVELOPMENT REGULATIONS 2008, 2017 

Under Section 6A of the SA Development Regulations significant and regulated trees are 

defined and have certain restrictions placed on them. A regulated tree is defined as having a 

single trunk greater than 2m circumference when measured 1m above ground level, or a total 

of 2m with an average circumference greater than 625mm for multiple trunked trees. A 

significant tree is similar but the total trunk circumference is 3m at 1m above ground level. 

There are several other factors involved such as tree species and type of planting, however 

as several trees within the survey area are classified as significant  or regulated, an application 
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must be submitted to the local council or the Development Assessment Commission (DAC) as 

per Section 7. 

Section 117 provides some exceptions to these regulations to which the trees in concern fall 

under, however these trees fall outside of them.  

Section 117 also states that a suitably qualified arborist must submit a report in relation to 

the assessment of such trees. As the Urban Planning Department is not suitably qualified a 

tree assessment is to be verified by a qualified arboriculturalist. 

Additionally Section 117 provides guidelines for replacement plantings of any regulated and 

significant tree that is to be removed (2 per regulated, 3 per significant). The species for 

replanting is not specific, however the Regulations do prohibit some species.  

6.2.2 ADELAIDE PARK LANDS ACT 2005, 2017 

 

Figure 104: Map of Adelaide Park Lands (Lands, 2017) 

As the area of land under development, as seen in Figure 104, which contains the vegetation 

that will be disturbed falls within the Adelaide Park Lands compliance to the Adelaide Park 
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Lands Act 2005 must be considered. In Section 4 the relevant Statutory Principles can be 

summarised as protecting and enhancing the Park Lands for the use and enjoyment of the 

public through supporting a “diverse range of environmental, cultural, recreational and social 

values”.  

Additionally, consideration is to be given to the way the Park Lands can improve the 

biodiversity and sustainability of the local region, as well as enhancing their contribution to 

the economic and social well-being of the City. 

This is further highlighted in paragraph (g) which states that “activities that may affect the 

Park Lands should be consistent with maintaining or enhancing the environmental, cultural, 

recreational and social heritage status of the Park Lands for the benefit of the State.” 

This provides general guidance to the direction which the Urban Planning Department has 

followed in order to come up with a suitable design. Additionally, it should be noted that while 

the Park Lands Act lists biodiversity in its goals, reference to the Adelaide City Council’s 

webpage on Biodiversity (Council, 2017) is to be made to further refine the types of 

vegetation that would have originally occurred in this area, and therefore the species to be 

considered for replanting. This is discussed in detail in the site improvements through flora 

section.  

6.2.2.1 BOTANIC GARDENS AND STATE HERBARIUM ACT 1978 

While there is little information in this act relating to the proposed works it is prudent to 

maintain good relations with the Board. Additionally under section 24 of the Act all works 

must ensure all property within or related to the Botanic Gardens is not damaged or removed. 

6.2.2.2 DEPARTMENT FOR PLANNING, TRANSPORT AND INFRASTRUCTURE 

(DPTI) GUIDELINES 

DPTI has an extensive range of requirements in relation to vegetation spelled out in its 

Vegetation Removal Policy (DPTI, 2016). While reference is made to several of the above Acts 

and Regulations it is important to note the guide for pruning trees overhanging roadways or 

cycle paths. The Urban Planning Department have been conscious of the effects of low 

hanging foliage in relation to clearance envelopes and sight distance when selecting the 

species and locations of vegetation.  
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6.2.2.3 ADELAIDE CITY COUNCIL  

As the Adelaide City Council (ACC) does not come under the Native Vegetation Council 

reference is to be made to the Adelaide Park Lands Act 2005 and any relevant guidance from 

the ACC rather than the Native Vegetation Act.  

The design will be forwarded to the Office of Design and Architecture SA (ODASA) and the 

Adelaide City Council for comment before site works commence.   

6.2.3 EXISTING SITE CONDITIONS 

The current O-Bahn and Hackney Road configuration must be taken into account long before 

the designs are finalised. This has allowed the Urban Planning Department to make informed 

decisions around the design process. 

Following a site survey the current location of all relevant vegetation and infrastructure was 

determined. This was then compared to the proposed alignment of the new access route and 

discussions were held with other departments in the design process. 

From this the plans for the O-Bahn tunnel were overlaid and the impacts on the local 

vegetation was assessed. Vegetation that is impacted is shown on Drawings 0001-UP-2017 

and 0002-UP-2017 and the main items of concern are listed below. 

6.2.3.1 MEIDILAND ROSES ON HACKNEY ROAD MEDIAN 

At the time of publication of this report the history surrounding the planting of these roses is 

uncertain, however some opposition to removing them may be possible. They provide a 

colourful intermission to the monotone of asphalt roadway, however they are subject to 

infiltration of weeds which often detracts from the positive impact. 

6.2.3.2 GRAPE VINES ALONG WESTERN FENCE OF HACKNEY ROAD 

Uncertain history at the time of this report. As with the roses some opposition to complete 

removal is possible. 
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6.2.3.3 EUCALYPTUS (RIVER RED GUM) TREES BY O-BAHN ENTRY 

These are considered native vegetation for this area and should be maintained where 

possible. This is especially the case as the majority of trees in this area are regulated or 

significant size. 

6.2.3.4 CAROB TREE ON BUNDEYS ROAD PLANTED BETWEEN 1880 AND 1910  

This falls outside the immediate area of the tunnel and so only would have to be monitored 

during construction.  

6.2.3.5 PLANTATION OF OLIVE TREES BY JOHN BAILEY IN 1856 LOCATED 

BETWEEN MANN AND PARK ROADS 

Although not likely to be directly impacted the historical significance must be accounted for 

and new plantings are to take these trees into effect, both in health and character.  

6.2.3.6 VEGETATION ALONG THE BANKS OF THE RIVER TORRENS 

This has been severely degraded over the past 200 years. The opportunity exists to improve 

this area from an Environmental and Urban Planning perspective. Urban Planning Department 

will focus on improvements around the top of bank only. 

6.2.4 SITE IMPROVEMENTS THROUGH FLORA 

The Urban Planning Department has researched the Department of Environment and Natural 

Resources (now DEWNR) pre-European settlement list of vegetation for the specific area 

(DEWNR, 2017). Of the species that are commercially available, the Urban Planning 

Department have designed the improvements listed below.  

Suitable plant varieties listed below for revegetation have been sourced from the Botanic 

Gardens website (Botanic Gardens of South Australia, 2017) along with notes relating to the 

features of each species. For the design layout of all vegetation refer to Drawings 0003-UP-

2017 and 0004-UP-2017. 

6.2.4.1 MEIDILAND ROSES 

Selected healthy plants to be transplanted to the rose garden within the Botanic Park and 

other garden beds around the Wine Centre and former Tram Depot where possible. Diseased 
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plants to be appropriately disposed of. If public opposition to the removal of the roses is 

resilient it is possible to maintain some of these plants in new sections of the median strip 

where width permits. This, however, is not recommended by the Urban Planning Department 

due to the safety risks associated with maintaining them, as well as the supply of irrigation to 

that location. 

6.2.4.2 VINES 

As the vines have little heritage significance they are to be appropriately disposed of. If it is 

decided after public consultation to keep the vines, they can be transplanted when dormant 

to another suitable location within the Botanic Garden. 

6.2.4.3 RE-VEGETATION  

In order to provide some level of screening and positive demarcation between the roadway 

and shared path an avenue of small trees has been designed. This will increase the amenity 

by providing a visually pleasing aspect for both path users, general traffic, visitors to the 

Botanic Gardens and neighbouring residents. It also provides a small level of safety as it will 

act as natural barrier for errant traffic. 

Trees with a mature height of 2 – 4m have been selected to reduce maintenance due to 

overhead powerlines and to provide foliage at eye level.  

Small-Fruit Fan-flowers (see section on area north of the River) can also be planted under the 

trees lining the pedestrian pathway south of the River. This is a small, hardy ground cover 

with mauve flowers that can be easily trimmed or mowed as required. 

Table 87: Flora Varieties for Pedestrian Path 

Sweet Bursaria 

Bursaria spinosa ssp. Spinose 

White flower 

Round canopy 

Height 2 – 4m 

Spread 1 – 3m 
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Uses: As a hardy ornamental feature tree, informal 

hedge, screen or barrier in low traffic areas due to its 

prickly foliage. Responds to pruning. Butterfly 

attracting.  

Cultural use: Wood used by indigenous peoples for 

making boomerangs.  

Plant has been found to be fire retardant under certain 

growing conditions.  

Note: should not be planted within 3.5m of existing 

sewer main 

Image (Gardening with Angus, 2017) 

 

Around both the northern and southern sides of the pedestrian bridge, smaller varieties of 

trees and shrubs have been selected to act as screen on both sides of the path. In addition to 

being aesthetically pleasing they are planted in order to focus a cyclists’ attention towards 

oncoming traffic on the approach to the bridge. They also provide screening to deter access 

to the steepest part of the river bank around the abutment for the pedestrian bridge. 

Additionally, small flowering plants and bushes such as Native Lilac, Sedges, Clasping 

Goodenia, Pink Garland Lily, Mallee Pea and New Holland Daisy are to be planted around the 

top of the river bank and below, and in front of the larger trees and shrubs.  

Table 88: Flora Varieties for Bridge Approach 

Woolley Tea Tree 

Leptospermum lanigerum 

White flowers 

Domed canopy 

Height 2 – 8m 

Spread < 5m 
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Uses: Can be used as a screen, informal or formal 

hedge for wider verges, parks and reserves.  

Fast growing and responds well to pruning. Useful 

for poorly drained sites and for regeneration along 

creeks and rivers. Attracts nectar eating birds and 

butterflies. Dense copses are excellent refuges for 

native birds.  

Cultural use: Wood and bark was used by 

indigenous peoples to make implements, 

weapons, tools and canoes.  

Note: this tree must not be planted within 2m of a 

sewer main. 

Image (Roscoff, 2017) 

 

 

Gold Dust Wattle 

Acacia acinacea 

Yellow flowers 

Height 0.5 – 2.5m 

Spread 2 – 4m 

Uses: Background shrub in mixed plantings, wind-

break or low screen. Bird and butterfly attracting.  

Note: this tree must not be planted within 2m of a 

sewer main 

Image (NVSRCE, 2017) 
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Common Fringe Myrtle 

Calytrix tetragona 

Pink flowers 

Height 1 – 2m 

Spread 1 – 2m 

Uses: In verges, median streets, parks and 

reserves. Planted singly as an ornamental in mixed 

plantings or en-mass as a barrier, wind-break or 

informal hedge. Attracts nectar eating butterflies.  

Note: this tree must not be planted within 2m of a 

sewer main 

Image (Australian National Botanic Gardens, 2017) 

 

 

Through community consultation for the area north of the Torrens River, ground cover is to 

ultimately be of native grass or Small-Fruit Fan-flowers, this can be seen Figure 105. However 

in the short term a hardy exotic species, such as a buffalo grass, is to be installed to prevent 

erosion along both sides of the shared path until the native grass is established.  

 

 

Figure 105: Small-Fruit Fan-Flower (Gardening with Angus, 2017) 
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6.2.4.4 TREES REQUIRING REMOVAL  

There are several trees that require removal in the area north of the River Torrens. As a 

general rule the replacement value of these trees is 1:1 for smaller trees, 2:1 for regulated 

trees, and 3:1 for significant trees. As there is limited space for replacement of these trees in 

the section of land between Park Road and Mann Road due to the historic olive grove and 

other significant trees, the Urban Planning Department has designed a grove of trees 

alongside Tidlangga (Park 9) on the western side of Mann Road.  

This would provide screening of the oval from traffic thereby reducing the noticeability of 

vehicles to members of the public using the oval for various activities. It also mitigates any 

risk of a stray ball or Frisbee from interfering with passing traffic.  

Pending the arborist report, the estimate that a minimum of 25 replacement trees are 

required for this area. 

Trees are to be replanted over and above the requirement to replace what has been removed. 

Additionally, a mixture of immature and semi-mature trees will be planted to enhance the 

area as it more aesthetically pleasing to see a variety of tree sizes rather than a plot of 

seedlings. These trees will be placed closer than the minimum distance for mature trees and 

thinned out as required in time. An understory of wattle, as previously listed in relation to the 

bridge approach, will be mixed in to give a better screening and a vibrant contrast in colour 

when flowering.  
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6.2.4.5 PLANT VARIETIES NORTH OF RIVER TORRENS 

Table 89: Plant Varieties North of River Torrens 

River Red Gum 

Eucalyptus camaldulensis var. camaldulensis 

White flowers 

Height 15 – 20m  

Spread 15 – 20m 

Drought tolerant 

Uses: As a shade tree in open parks and reserves 

along creeks and rivers. Responds to periodic 

flooding. Habitat and food source for native birds 

and insects.  

Cultural use: Widely used by indigenous peoples for 

food, drink, medicines, containers, canoes and 

implements.  

Image (Wikipedia, 2017) 

 

South Australian Blue Gum 

Eucalyptus leucoxylon ssp. Leucoxylon 

Red flowers 

Open canopy 

Height 8 -30m 

Spread 6 – 20m 

Drought tolerant 

Uses: As a shade or shelter tree in open parks and 

reserves and suitable as a street tree in wider 

locations. 
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Attracts nectar eating birds and insects for food and 

habitat. Flowers especially attract bees which make 

excellent honey.  

Cultural use: Wood used to make fighting sticks and 

shields by indigenous peoples.  

Image (Gardens Online, 2017) 

Grey Box 

Eucalyptus macrocarpa 

White flowers 

Open canopy 

Height 10 – 25m  

Spread 10 – 15m 

Drought tolerant 

Uses: As a shade or shelter tree in open parks and 

reserves or as a wind-break and soil control on 

wider roadside verges.  

Attracts nectar eating birds and insects for food and 

habitat.  

Image (University of Adelaide , 2017) 
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Drooping Sheoak 

Allocasuarina verticillata 

Yellow or red flowers 

Height 5 – 8m  

Spread 4 – 6m 

Drought tolerant 

Uses: Ornamental species for shade or shelter in 

streetscapes, reserves and parks. Planted en-mass 

an effective screen.  

Tolerant of coastal locations. Food source and 

habitat for birds.  

Cultural uses: Indigenous peoples used for food, 

medicine, implements (boomerangs, shields), 

adhesive (canoe sealant).  

Image (ERA Nurseries, 2017) 

 

 

The replanting is to take into account clear zone distances and minimum sight distances for 

traffic travelling on Mann Road. These can be found in Austroads Design Guides and are 

outside the scope of Urban Planning Department. Consultation with the Traffic Department 

is to take place prior to planting. 

6.2.5 FAUNA 

One of the Urban Planning Department’s aims in designing the layout of vegetation has been 

to encourage native birds and animals to the project area. This is beyond the environmental 

scope and looks at the provision of an uplifting sensory experience when walking through the 

area. This is essentially the sights and sounds of native birds, insects (such as bees), koalas, 

reptiles (such as frogs) and other wildlife which provide a healthy atmosphere for people who 

walk through the area. 
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6.2.6 RETICULATION OF VEGETATION 

Since 2010 the Adelaide City Council have been using recycled storm water that is pumped 

from SA Water’s Glenelg North waste water treatment plant (SA Water, 2017). This water is 

used primarily for reticulation of the parklands and various sporting facilities around Adelaide 

and North Adelaide. As there is a suitable main in the immediate area, refer to Figure 106, 

the Urban Planning Department propose this option as a suitable irrigation source for the 

plants. 

  

Figure 106: Recycled Water Main (Location SA, 2017) 

The system pressure and flow rate are to be confirmed however it is anticipated a minimum 

of four connections to the main will be required with subsequent control units, solenoid 

valves and irrigation tubing. As watering will vary depending on seasonal conditions and plant 

species a smart controller is to be used which can be remotely accessed and is connected into 
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a network of weather stations which can anticipate the level of watering required on any 

given day for any given plant type or location.  

This has several advantages from the Urban Planning Department’s viewpoint. These being 

that the project is seen to be highly water efficient, only watering where and when required, 

as well as being discrete. 

Additionally as the majority of watering is only expected until plants are established in one to 

two years, the system can be modified relatively economically to suit new vegetation 

requirements in the future. 

The system can also be promoted to achieve a positive image for the community as it is a 

more sustainable use of resources. The anticipated cost for this system is offset by water 

savings and staff involved in manual watering. 

Accurate costing has been developed, however the final layout will be subject to the exact 

location of the vegetation when planted.  

6.2.7 COST ANALYSIS OF VEGETATION ENHANCEMENT 

Costing is based on Rawlinson’s guide 2017 (Rawlinson, 2017) unless shown with an asterisk 

(*). The cost analysis below does not take tree removal and associated costs into account. 

Table 90: Cost Analysis for Vegetation Enhancement 

Item Description Type Amount Unit Rate Total ($) 

Ground Cover 
Labour & 

Plants 
5000 m2 $7.50 37,500 

Tube Stock of 

Shrubs and Small 

Plants 

Labour & 

Plants 
250 ea $9.00 2,250 

Shrubs - Large 
Labour & 

Plants 
40 ea $18.00 720 

Trees – Small (5L 

tub) 

Labour & 

Plants 
30 ea $16.00 480 

Trees – Average 

(45L tub) 

Labour & 

Plants 
70 ea $130.00 9,100 
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Trees – Large (100L 

tub) 

Labour & 

Plants 
10 ea $300.00 3,000 

Irrigation 
Labour, tubing 

and solenoids 
1700 m2 $3.30 5,610 

Control Unit and 

Connection to 

Mains* 

Labour & 

Components 
1 ea $10,000 10,000 

Supervision Labour 80 hr $120.00 9,600 

Fence Installation* 
Labour & 

Components 
32 m $300.00 9,600 

Subtotal     $50,360 

 

 SERVICES BRIDGE 

The Services Department pipe design spanning 78m across the River Torrens, next to the 

pedestrian bridge and O-Bahn tunnel has been designed by the Structural Department but 

will be visually improved by the Urban Planning Department. The Urban Planning Department 

has decided to add two parabolic shaped patterns on either side of the pipe that will be 

imprinted on either side of the cage that covers the services pipe. The pattern will be green 

in colour, which can be seen in Drawing 0005-UP-2017, which also shows the cage around the 

pipe being 800mm deep by 800mm wide.  

The steel sheeting being installed along the sides of the cage, will be low strength and light-

weight sheeting due to the services pipe being of a high mass. In the process of the design, it 

was thought for it to be a simple but effective pattern that will coincide with the pedestrian 

bridge hand railing design, and the acrylic tile design, which have been designed by the Urban 

Planning Department.  

The steel sheeting properties will be as follows: 

 0.4 mm thickness 

 150 mm by 150 mm 

 Galvanised steel 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 284 | 708 

Version 2.0 

 0.94 kg / sheet 

 Green in colour 

 500 plates 

The plates will cost a reasonably low price of $4.00 each piece.  

6.3.1 COST ANALYSIS OF THE SERVICES BRIDGE 

Table 91: Cost Analysis of the Services Bridge 

Item Description Type Amount Unit Rate Total ($) 

Galvanised steel 

plate (150x150x0.44) 
Materials 500 ea $4  2,000 

Installation Labour 90 hr $40  5,310 

Knuckle Boom Hire 9 day $420 3,780 

Subtotal     $11,090 

 

 SHARED PATHWAY 

Urban Planning have designed a new off-road cyclist and pedestrian pathway along the 

western side of Hackney Road from Botanic Road to Bundeys Road. The specific 

considerations for the design are based around the 2014 edition of the Cycling Aspects of 

Austroads Guides (Austroads, 2014). 

Hackney Road has an estimated Annual Average Daily Traffic (AADT) count of 45,100 vehicles 

as of September 2015 (DPTI, 2017). This equates to approximately 22,500 vehicles in each 

direction with an approximate 85th percentile speed of 50km/h, which is sufficient accuracy 

required to determine that a separate bicycle path is required. Similar figures were obtained 

in a 2011 traffic count at the Bundeys Road intersection. 

As both bicycle and pedestrian demand is moderate in this area with an estimated volume of 

less than 50 users of each per hour utilising both directions of travel, a shared path is 

considered the most appropriate. This is also suitable given the average width of the verge is 

around 5m and must incorporate an area for planting vegetation. 
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6.4.1 DESIGN OF THE PAVEMENT 

The Urban Planning Department has designed a pathway that consists of a 3.0m wide 

concrete path. This path, although more expensive to construct than a more commonly used 

asphalt, has a longer life with a reduced maintenance cost and will have a superior surface 

finish. Throughout the design the minimum Austroads Safe Stopping Distance (SSD), or sight 

distance, of 35-40m has been maintained. 

The design of the pavement for the shared use path has been taken from DPTI’s Bikeway 

Pavement Design manual (DPTI, 2017) using the results of Golder Associates geotechnical 

report (Golder Associates, 2017) from which it can be assumed that the ground in the area 

considered has an overall CBR not exceeding 3. 

The design of the concrete path is as follows; 

 3.0m width 

 185mm (minimum) thick 32MPa reinforced concrete (for occasional vehicle access) 

 150mm (minimum) thick PM2/20 crushed rock base compacted to 96% CBR 

(minimum) 

  2.0 – 2.5% cross-fall (maximum is determined by the Disability Discrimination Act 

(DDA) requirements of pedestrian paths) 

 3% maximum longitudinal gradient 

 Saw-cut construction joints transversely at a distance of every 3.5m (1.2 x path width) 

 To be screeded flat with no ripples or pockets to cause discomfort to cyclists 

 To be broom finished for a skid resistant surface 

The shared use path can be graphically seen on Drawings 0003-UP-2017, 0004-UP-2017, 

0006-UP-2017 and 0007-UP-2017. 

The eastern side of the path will have a row of small trees separating the path from the road. 

These trees are designed to be regularly pruned to have a zone clear of vegetation for 2.5m 

above the path if they grow out. It is anticipated the style of tree will not have any major limbs 

growing outwards and will be regularly shaped.  

Additionally, the area for the trees will be deep ripped before planting. After planting a 

thorough watering regime is to take place until the plants are established. This is to encourage 
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deep root growth rather than shallow, lateral growth which will crack and lift the concrete 

prematurely. 

Where the pathway crosses both intersections of Plane Tree Drive a raised crossing platform 

has been designed. This is to act as a traffic calming device for traffic entering and exiting 

Plane Tree Drive and it maintains a smooth grade for users of the path. In keeping with 

heritage style of the area 80mm thick interlocking red paving bricks are to be laid on each 

ramp with the central portion to be concrete. The contrasting colour of these bricks to the 

road pavement (asphalt) provide a visual warning to lower vehicle speed. These pavers are to 

sit on a 25mm layer of bedding sand over a concrete base which will be poured integrally with 

the bike path.  These details are shown on Drawing 0004-UP-2017. 

All intersection points and kerb ramps are to be DDA compliant consisting of items such as 

maximum 2.5% grades and appropriate tactile surface markers. For durability the tactile 

markers are to be made from terracotta coloured concrete a minimum of 40mm thick and 

recessed into the concrete. 

On both approaches to the pedestrian bridge fencing is to be installed to promote a corralling 

effect onto the bridge. Although the bridge is roughly three times the width of the separated 

path this is done for safety purposes for all users. Namely it; 

 promotes a focus onto the bridge where pedestrians may be stopped observing the 

river and where bollards are installed,  

 provides an edge that smoothly blends in to the bridge – thereby negating the need 

for end treatments or extra bollards, and  

 provides a barrier preventing access over the steepest parts of the embankment  

As the fence is to be a minimum of 1.4m high and not have any sharp edges the Urban 

Planning Department has incorporated 1.5m high fencing with vertical rods only, and of a 

subtle green colour into the design. This fence will be covered from view within 5 years by 

vegetation growing in front of it.  

Bicycle path signs, pedestrian path signs and bicycle route information signs are to be 

installed, along with relevant line marking. All of these details can be seen on Drawings 0003-

UP-2017, 0004-UP-2017, 0006-UP-2017 and 0007-UP-2017. 
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6.4.2 COST ANALYSIS OF SHARED PATH  

Costing is based on Rawlinson’s guide 2017 (Rawlinson, 2017) unless shown with an asterisk 

(*). Costing has allowed for no changes to existing path south of the Plane Tree Drive entrance 

to Botanic Road, other than upgrade of the kerb ramp onto new path. 

Table 92: Cost Analysis of Shared Path 

Item Description Type Amount Unit Rate Total ($) 

Cement Path, inc Reinforcement 

(modified to suit 185mm 32MPa 

concrete) 

Labour & Materials 2900 m2 $90.00 261,000 

Base Material – 150mm Labour & Materials 2900 m2 $14.65 42,485 

Paving – 80mm Interlocking Labour & Materials 80 m2 $71.80 5,744 

Bedding sand – 25mm (modified to 

suit) 
Labour & Materials 80 m2 $2.05 164 

Concrete for Ramps – Pedestrian Ramp 

and  base for ramps to Plane Tree Drive 
Labour & Materials 13 m3 $173.00 2,249 

Laying of Pavers Labour 50 m2 $10.00 500 

Turf – Including 2 Weeks Watering ~ 

350mm wide strip 
Labour & Materials 500 m2 $8.90 4,450 

Signs – including posts* Labour & Materials 18 ea $375.00 6,750 

Line marking* Labour & Materials 1 ea $2,000 2,000 

Supervision* Labour 120 hr $120.00 14,400 

Subtotal     $339,742 
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 INTERIOR DESIGN OF THE TUNNEL 

The storm water management on the inside of the tunnel will be managed by the Services 

Department, with consultation with the Urban Planning Department to enhance the visual 

appeal of the storm water management. The lighting on the inside of the tunnel has been 

designed by the Services Department through consultation with the Urban Planning 

Department to enhance the design of the lighting due to the visuals on the interior walls of 

the tunnel. The design of the interior walls will be completed by the Urban Planning 

Department using input from the local community and also the Geotechnical Department.  

The materials used on the interior of the tunnel are a key part of the aesthetic appeal on the 

tunnel. These include the materials used for the pavement design, the ceiling of the tunnel 

and also services such as ventilation and lighting. 

The interior walls of the tunnel will be sheet piling and as the speed at which the buses will 

be travelling, it will be too difficult to see any pattern or design on the walls. Therefore, the 

Urban Planning Department has decided to neglect any unique design for the interior walls 

of the tunnel. 

 DESIGN FOR THE EXIT OF THE TUNNEL 

The exit of the tunnel returning to grade, will have an aesthetically pleasing architectural 

theme design. It will consist of arcs spanning across 155m with 1.5m between each arc. This 

is from the exit of the tunnel design that spans 155m as it returns to grade. The arcs will 

gradually get larger from the exit of the tunnel from arc 1 to 6 and then the next 6 arcs are to 

be a mirror image of the first part of the design. This pattern will continue for 155m as the 

tunnel is returning to grade up to Richmond Road. This can be seen in Drawing 0008-UP-2017 

in more detail. As the buses exit the O-Bahn tunnel, there will be crash barriers on either side 

of the road. These crash barriers have been designed by the structural department and 

information on them has been provided in their section. 

The cross-section for the arcs will be a rectangular hollow section (RHS) that will be 300 mm 

wide by 50 mm deep by 3 mm thick (300x50x3). Refer to Drawing 0008-UP-2017 to see this. 

It will be constructed using stainless steel Grade 316, which has been proven in Australian 
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construction to be a reliable material which is durable and resists corrosion in the harsh 

Australian climate. 

The arcs will be connected to these crash barriers by a connection on top of the barriers. The 

connections from the arc to the crash barriers will be bracket connections. This means the 

end of the arcs will fit into a steel bracket which is then bolted together to the barriers. This 

can be seen in Drawing 0008-UP-2017 with the required dimensions.  

6.6.1 MATERIALS  

Stainless steel is used in a wide range of markets including glass structures, masonry and stone 

assemblies. New innovations in stainless steel are being implemented and are shown by 

emphasizing structural details in architectural design and urban planning practice. Stainless 

steel can withstand Australia’s harsh weather conditions and climate by resisting corrosion, 

wind, water and providing a lengthy service.  It’s a reliable steel that is strong and durable 

that is getting increasingly popular and will reduce other materials to minimal use in Australia. 

In addition, the 300 series, if implemented in the right conditions, will be a great contributor 

to the project.  

6.6.2 COST ANALYSIS OF THE DESIGN FOR THE EXIT OF THE TUNNEL 

Table 93: Cost Analysis of the Design for the Exit of the Tunnel 

Item Description Type Amount Unit Rate Total ($) 

STAINLESS STEEL ARCS 

(300 x 50 x 3) 
Material 1453 m $250 363,300 

Installation Labour 600 hrs $59 35,400 

Subtotal     $398,700 
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 BRIDGE FAÇADE DESIGN 

The Environmental Department have designed a parabolic like pattern green wall, which 

begins 2.6m above the base of the tunnel wall and descend to 860mm above the base of the 

tunnel wall. This green wall has been designed to hide the concrete facade on side of the 

tunnel and create a modern aesthetic design. However there is still a large amount of unused 

space below this green wall. Three rows of acrylic tiles will be attached to the face of the cast 

in-situ concrete wall using silicone, also like a parabolic like pattern. The acrylic tiles will be 

spaced 500mm, 1250mm and 2000mm from the base of the tunnel wall. These rectangular 

acrylic tiles will be grouped in sets of 2 and spaced 50mm apart. The 10mm thick tiles will 

have a height of 250mm; a width of 500mm and each group of tiles will decrease by 1 degree 

until they reach the bottom of the concrete wall. The first acrylic wave pattern will consist of 

a dark shade of green and then each parabolic pattern will gradually consist of lighter shades 

of green. The acrylic tiles may need to be extended past the control joint to cover the excess 

concrete wall which continues into the abutment. Extra tiles for the concrete walls have also 

been taken into consideration. A detailed Drawing of the acrylic parabolic pattern can be seen 

in Drawing 0009-UP-2017. 

6.7.1 COST ANALYSIS OF BRIDGE FAÇADE DESIGN 

Table 94: Cost Analysis of Bridge Facade Design 

Item Description Type Amount Unit Rate Total ($) 

Installation Labour 120 hr $59 7,080 

Acrylic tile Material 650 ea $3 1,950 

Subtotal     $9,030 

 

 DECK OF THE FOOTBRIDGE 

The Urban Planning Department has the task of designing the deck of the Tunnel Bridge. This 

includes the design of the shared pathway across the bridge, the hand rails along the bridge 

and also the bollards on each end of the bridge. The bridge will mainly be designed to enhance 

the safety of all pedestrian and cyclists when crossing. The shared pathway will incorporate a 
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1.5m bike lane in each direction which will allow for the remaining 5m of the bridge width to 

be a walking path. The chosen pavement for the bridge is an innovative design that 

incorporates solar panels being used for the pavement.  

6.8.1 BICYCLE AND PEDESTRIAN SHARED PATHWAY 

The 9.8m wide pedestrian bridge also consist of a two way shared path. The dual lane bicycle 

path will allow for the community to enter and exit the city via a safe and time efficient route. 

Each bicycle lane must be 1.5m wide, in accordance with “Cycling Aspects of Austroads 

Guides”. The bicycle operating speed over the pedestrian bridge and along Hackney Road will 

be limited to 35km/h on flat surfaces and speed limits of 50km/h on moderate gradients in 

accordance with “Cycling Aspects of Austroads Guides”. The bicycle lane markings over the 

bridge will be visible via an LED light output form the solar panels, which will be used as the 

footpath/bicycle track. The solar panel will also be programed to show a graphic symbol of a 

bicycle to show where the cyclists must ride, as well as programming the solar panels to show 

the walking path along this section. Signs will be placed on either side of the pedestrian 

bridge, to indicate the bicycle speed when riding. The dual bicycle lane and footpath can be 

seen in Drawing 0010-UP-2017. 

6.8.2 SOLAR PANELS FOR DECK ON THE FOOTBRIDGE 

The solar panels that are designed for the deck of the bridge are an innovative product that 

are produced by Solar Roadways. Figure 107 shows the solar panels as the installation process 

is being complete, it shows the full size solar panel and also the half size solar panel that is 

used for the edges of the pathway. 
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Figure 107: Solar Panel 

All of the relevant information for these solar panels are as follows.  

- Number of full solar panels: 1794 

- Number of half solar panels: 138 

- Weight of each solar panel: 50kg 

- Dimensions of the solar panels are shown in the Drawing 0011-UP-2017 

- Each solar panel produces on average 25kWh per year, therefore all of the solar panels 

combined will have the capability of producing 46.6MWh per year.  

- Each solar panel contains 48 high powered LED lights that allow the solar panels to 

create any light configuration including a range of different shapes and colours if 

required. The high powered LED lights will be used for the lighting on the bridge, the 

solar panels that run along each long edge of the bridge will have all of the LED’s 

turned on. 

- It takes 300kWh per year to power the LED’s required for the bike lane configuration 

and lighting of the bridge. The power required to power the microprocessor and 

supporting circuitry is 12.5MWh per year.  

- The total output of power back into the grid from the solar panels will be 33.8MWh.  

- The wholesale feed-in tariff for a solar farm is 92 cents per kWh. Therefore, the total 

revenue from the solar panels is $31,100 per year.  

- The price for each individual full solar panel is $800 and the price for each individual 

half solar panel is $500. The total price for all of the solar panels is $1,566,000, this 

allows for a return on investment over the design life of 50 years for the solar panels.  
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- Through load testing and 3D FEM analysis on the solar roadway system, it shows the 

system is capable of with-standing a 110t static load. The axle load limit of all heavy 

vehicles in Australia is 20t according to the National Heavy Vehicle Regulator.  

- The solar panels have been subjected to traction testing which shows the solar panels 

have a similar level of traction to asphalt. 

- Each individual solar panel has its own battery storage system that can last up to 3 

days without sunlight. The battery is charged during the day and is used at night for 

the LED output. It is designed to last 3 days in case of an on-going storm over the 

course of multiple days. 

6.8.2.1 INSTALLATION OF THE SOLAR PANELS 

The initial step of installation is to install conduit piping which allows a grid section for the 

solar panels to locate on to. The conduit piping is placed on a compressed fine gravel material 

to hold it into place, a layer of 32 MPa concrete is poured as a blind for the solar panels and 

to hold the conduit piping in place. Figure 109 shows the concrete blind with the solar panels 

being placed onto the conduit piping.  

 

Figure 108: Conduit Installation for Solar Panels 
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Figure 109: Placement of the Solar Panels 

The conduit piping also contains the electrical caballing that connects each individual solar 

panel to the grid. The solar panels interlock to with each other but also have the ability for 

each individual panel to be removed which allows for easy maintenance if a panel becomes 

faulty. As seen in Figure 109, the top of the solar panels are level with the concrete 

surrounding the solar panels. In Drawing 0011-UP-2017, it shows the cross-fall of the solar 

panels which guides the stormwater runoff into the stormwater drain which is also showed 

in Drawing 0011-UP-2017. The stormwater drain is placed above the conduit pipe and runs 

parallel to the stormwater drain as shown in Drawing 0011-UP-2017. 

In Figure 110 it shows the caballing passage in which the wiring from the solar panels runs 

through and connects to the microprocessor and supporting circuitry before feeding into the 

grid. 

 

Figure 110: Cabling Passage 
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6.8.2.2 COST ANALYSIS OF SOLAR PANELS 

Table 95: Cost Analysis of Solar Panels 

 

6.8.3 HAND RAILING 

The 78m long footbridge will need to consist of a handrail with a minimum height of 1.3m 

high in accordance with AS/NZS 5100:1. Prior to considering any railing designs, the Urban 

Planning Department have approached the local residents, pedestrians and motorists in 

determining what they believe would be an appealing design. E8 consulting value all clients 

and communities which is why the community have provided assistance in the final design 

would be the best approach. The handrails and feature rails will be pre-constructed into 4, 

19.5m sections, which will then be assembled on site covering each side of the 78m bridge. 

The handrail will consist of a 15x100mm painted rectangular stainless steel panel, which will 

be welded to the parabolic pattern feature rail, this can be seen in Drawing 0009-UP-2017. 

Stainless steel has been chosen due to its lightweight, resistance to corrosion and its overall 

aesthetic look. The hand rail feature will complement the green wall on the face of the tunnel. 

The feature rail will comprise of having a minimum height of 1.5m and a maximum height of 

3.6m. The 15mmx100mm rectangular stainless steel handrail will be placed at a height of 

1500mm to comply with the AS/NZS 5100:1 standard. The railing design and details can be 

found in Drawing 0009-UP-2017. The feature rails will be placed alongside the solar panel 

Item Description Type Amount Unit Rate Tota ($)l 

Full Solar Panel Material 1794 ea $800 1,435,200 

Half Solar Panel Material 138 ea $500 69,000 

Electrical Cabling Material 5000 m $10 50,000 

Conduit Piping 

(40mm) 
Material 5000 m $4 20,000 

Installation of Solar 

Panels 
Labour 720 hr $59 42,480 

Subtotal     $1,616,680 
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footpath, propped and submerged in 200mm thick concrete which will offer a strong and rigid 

support. Hence reducing the rail and feature rail heights by 200mm, to having a minimum 

wave and railing height of now 1.3m and a maximum wave height of 3.4m. These heights will 

comply with the Australian standards. Pricing of the stainless steel railing can be found in 

Table 96. 

Associated hand calculations for the hand rail design can be seen in Appendix F.  

6.8.3.1 COST ANALYSIS OF HAND RAILING 

Table 96: Cost Analysis of Hand Railing 

Item Description Type Amount Unit Rate Total ($) 

Installation Labour 320 hr $59 $18,880 

Aluminium steel (for 

both sides of the 

78m span) 

Material 4720 kg $25 $944,000 

Subtotal     $962,800 

 

6.8.4 PEDESTRIAN BRIDGE BOLLARDS 

Road bollards are a common method used to restrict motor vehicle access to any pedestrian 

or cyclist walkway. Removable bollards will be installed which will be able to withstand high 

impact vehicle collisions, yet still allow for maintenance on the bridge when required.  A 

stainless steel bollard has been chosen with a standard primer coating to withstand corrosion 

or rust over a long period of time. A full detailed Drawing of the road bollards are shown in 

Drawing 0010-UP-2017. The bollard will weigh 85kg, and will be able to be temporarily 

removed after the screws have been removed from the steel plate. The bollards will be 

removed by using a small electronic crane system. The crane will be delivered on site by the 

maintenance crew when required. The circular bollard will have a diameter of 300mm and 

will be used in conjunction with the hand railing on either side of the path to provide a 

maximum opening of 1400mm, in accordance with “Austroads part 6A”. The bolts that are 

shown in Drawing 0010-UP-2017 will fit into four, 40mm holes which will be securely 

embedded into the concrete. The 6 bollards at each side of the bridge will be installed 1.5m 
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before the bridge control joint and will also consist of a height of 1m. Road bollards can still 

create a risk to pedestrians and cyclists however placing U rails in this situation will not be 

practical. The bollards will be able to be temporarily removed to accommodate for emergency 

or maintenance vehicles. Pricing of the road bollards and steel bolts can be found in Table 97. 

6.8.4.1 COST ANALYSIS OF BOLLARDS 

Table 97: Cost Analysis of Bollards 

Item Description Type Amount Unit Rate Total ($) 

Installation Labour 60 hr $59 3,540 

Aluminium steel 

bollards 
Material 12 ea $600 7,200 

Steel bolts Material 48 ea $5 240 

Subtotal     $10,980 

 

 NAMING OF THE PEDESTRIAN BRIDGE 

The Urban Planning Department have decided to name the pedestrian bridge, The Goorialla 

Pedestrian Bridge. The word Goorialla means the rainbow serpent in which the indigenous 

believe that this was a snake, which slithered and weaved through the lands. Once the snake 

had slithered through the lands, the snake had left behind a trail of waterways such as rivers 

and lakes. Since the pedestrian bridge is spanning over the River Torrens, the Urban Planning 

Department have decided to name this bridge the Goorialla Bridge. There will be a bronze 

plaque embedded into the concrete on the Southern side of the bridge that states the name 

of the bridge and also a small section explaining the significance of Goorialla.  
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 FINAL COST ANALYSIS  

 

        Table 98: Final Cost Analysis 

Design Description Total ($) 

Vegetation enhancement $50,360 

Services bridge enhancement $11,090 

Shared path installation $339,740 

Exit of the tunnel design $398,700 

Bridge façade design $9,030 

Solar panel installation $1,616,680 

Hand railing installation $962,800 

Bollard installation $10,980 

SUBTOTAL $3,399,380 

Allow preliminaries (10%) $339,940 

Contingencies (10%) $339,940 

GST (10%) $407,930 

TOTAL $4,487,200 
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7 OPERATIONS AND MAINTENANCE 

 

 TUNNEL DESIGN AND SAFETY 

In consultation with experienced road tunnel systems professionals throughout the planning 

and design stage the necessary systems and equipment required for the safe operation and 

maintenance have been implemented. Additionally, tunnel fire safety requirements will be 

provided in accordance with AS4825:2011 Cl1.4. The tunnel is classified as; 

a) (i) Long tunnel, Length is greater than 120m; 

b) (ii) Low Traffic, Low volume of traffic or likelihood of congestion; 

c) (ii) Bi-directional, Traffic flowing in both directions within the same aero dynamic 

space; 

d)  (i) No intersection, Vehicle interaction is maintained throughout the tunnel. 

This classification has prescribed the mandatory requirements for this design to have a design 

criteria fire resistance duration of 60 to 120 minute duration. The structural elements used 

throughout design are of a non-combustible material therefore vehicles are considered to be 

the greatest contributor to a fuel load. 

7.1.1 TUNNEL OPERATION & MONITORING 

The primary nature for safe operating conditions of the tunnel is to ensure that all users 

travelling through, attending incidents or maintaining the structure are met. Tunnel 

operations and systems will be monitored from the traffic management centre in Norwood 

that will oversee and coordinate:  

 Normal operations; 

 Incident management by altering conditions; 

 Incident response activating a tunnel closure. 

As the tunnel is designed specifically for O-Bahn use it would be of low probability that a total 

tunnel closure would occur, nevertheless a necessary contingency plan shall be conceived by 

DPTI.  

Tunnel operational activities that will be monitored include: 
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 Bus movements; 

 Incident emergency calls from within the structure; 

 Restricting access via portal entry signals, strobe light warning activation within and 

liaison with transport provider (Broadspectrum); 

 Liaising with emergency services, and first responders; 

 Dispatch of recovery vehicles; 

 Remotely manage tunnel equipment and safety systems. 

7.1.2 TUNNEL MAINTENENCE 

Maintenance objectives should be determined in conjunction with DPTI, State and Federal 

Government including operation and maintenance providers prior to the completion of the 

project. To effectively minimise the impact of maintenance on tunnel operations it is 

recommended that a methodology will incorporate preventative maintenance, corrective 

maintenance and refurbishment of tunnel systems. Through monitoring, scheduled cleaning 

and or inspections, will trigger corrective maintenance procedures to ensure that systems, 

equipment and structures meet, or exceed their minimum design life. Refurbishment of 

essential systems and equipment shall be undertaken nearing their design life.  

It is recommended that an asset management register (AMR) itemising the systems and 

equipment commissioned within the tunnel shall be provided by the contractor awarded the 

project on completion. The AMR should be developed in conjunction with DPTI and used as a 

planning tool for: 

 Items requiring periodical maintenance; 

 Record of maintenance carried out; 

 Historical record for systems and equipment. 

7.1.1 ROAD SURFACE  

Surface level road pavements will be visually monitored for degradation. Measurements will 

be required to be ascertained of the cast in-situ concrete O-Bahn specific kerbing within the 

tunnel structure to ensure tolerances are within the incumbent guidelines set by DPTI.   
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7.1.2 TUNNEL EMERGENCY SYSTEMS 

Emergency systems that will require scheduled maintenance and assessment are itemised 

but not limited to the following: 

 Fire detection System; 

 Fire Safety System (Fire Indicator Panel, Master Emergency Control Panel); 

 Pre-recorded audible and visible alarm system;  

 Illuminated exit signage; 

 Emergency lighting directing occupants along the path of egress; 

 Egress corridor and fire isolated stairs doors and furniture; 

 Motorist and fire services communication devices; 

 First attack firefighting provisions (portable extinguishers and fire hose reels); 

 Fire Suppression System (wet); 

 Uninterrupted power supply for essential services. 

The essential safety provisions recommended but not designed as part of this detailed design 

stage by the Service Department will need to meet the prescribed requirements of AS1851, 

Maintenance of fire protection systems and equipment.  

7.1.3 VENTILATION SYSTEMS 

The tunnel air quality is maintained through 4 Korfmann dAL 8-150 reversible axial flow fans. 

This model was chosen for its explosion proof, fire resistance and ability to be reversed as a 

smoke exhaust unit. Although located centrally above lanes, this model affords a lengthy 

design life and minimal servicing requirements with rapid refurbishment time.  
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8 COSTING 

   Table 99 below depicts the final price of the E8 Consulting Detailed 

Design submission for the O-Bahn City Access Stage 1 project. The price from each 

department is inclusive of GST, contingencies and preliminaries, hence the total price is GST 

inclusive.  

   Table 99: Final Costing 

Department Cost (Gst inclusive) 

Transport $5,282,992 

Services $2,127,040 

Geotechnical $31,630,792 

Structural $11,158,002 

Environmental $6,935,846 

Urban Planning $4,487,200 

Total $61,621,880 
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9 APPENDIX A – TRANSPORTATION DEPARTMENT 

 HACKNEY/BOTANIC ROAD SIDRA OUTPUT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 111: Site Layout 
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Figure 112: Level of Service 
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Figure 113:  Saturation 

  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 306 | 708 

Version 2.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 114: Delay 
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Figure 115: Travel Speed 
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 HACKNEY/BUNDEYS ROAD SIDRA OUTPUT 

 

 

Figure 116: Site Layout 
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Figure 117: Level of Service 
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Figure 118: Saturation 
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Figure 119: Delay 
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Figure 120: Travel Speed 
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 U-TURN CALCULATIONS 

 

U-turn Calculations: 

 

B- total length of auxiliary lane -> D+S 

D- deceleration length (m) 

Ld- Diverge Length (m) 

S- Storage Length (m) 

T- Physical Lane Taper Length (m) 

P- Length of parallel lane for deceleration (m) 

 

The deceleration length can be found in Table 5.2 Austroad Part 4A (as seen below) 

 

 The deceleration length is based upon the design speed of approach (km/h) -> 60 
(km/h). Then the stopping condition is considered which is 55 km/hr at a 
deceleration speed of 2.5 m/s2. Then the design speed of the exit cure in km/h is 
considered for a reduction in speed for turning i.e. 50 (km/hr), 40 (km/hr), 30 
(km/hr), 15 (km/hr). * decreasing at a speed of 2.5 m/s2  

 The next step in calculating the U-turn section is finding the diverge length (Ld) for 
the lane widths that have been designed. For the lane width of 3.5m, a speed of 33 
km/h is achieved while for a width of 3m a speed of 27 km/h is achieved.   

Table 100: Deceleration Length 
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Ld-> 3.5m / 33 (km/h) 

Ld-> 3.0m / 27 (km/h) 

 

 Taper Length 
Utilising the table below, the Taper length can be designed for a speed of 60 km/h 

along Hackney Road which provides a pull in lane of 20 meters.  

Table 101: Taper Length 
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 Storage Length 
 

Utilising the Guide to Traffic Management Part 3: Traffic Studies and Analysis we can 

find the storage length where the storage length is, S= 6m for a standard vehicle size. 

 Finally using the known information, we can calculate the total deceleration: 
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 TURNING RADIUS CALCULATIONS 

 

Turning Radius Calculation: 

For an assumed turning angle of 38.8 degree (front axle angle) the turning radius r = r’ + r”  
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Figure 121: Turning Radius 

 

 Where, W= Wheelbase and T= Track Length- sin(38.8)= 0.63, cos(38.8)=0.78 

 

Wheelbase = 6750 mm, 6.75m  

Track Length = 2290 mm, 2.29m 

 

r’ = W / sin (theta) = 6.75m/ 0.63 = 10.71 m 

r” = T * cos (theta) = 2.29m * 0.78 = 1.79 m 

 

Therefore r= [W / sin (theta)] + [T * cos (theta)], = 10.71 m+ 1.79 m = 12.5 m 

 

The turning radius has been calculated for a design speed of 5 km/hr. 

Finally, 12.5m radius for 5 km/hr turning speed. 
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 BUS SHELTER REQUIREMENTS 

 

Figure 122: Bus Shelter Requirements 
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 STANDARD BUS SPECIFICATIONS 

 

 

Figure 123: Bus Specifications 

 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 320 | 708 

Version 2.0 

 REFERENCES  

 Department of Planning Transport and Infrastructure; The Pavement Marking Manual 

and Manual of Legal Responsibilities and Technical Requirements for Traffic Control 

Devices Part 2 –Code of Technical Requirements.  

 Guide to Road Tunnels- Austroads Part 2: Planning, Design and Commissioning 

  Guide to Road Design- Austroads, Part 3 – Geometric Design 

 Guide to Road Design-Austroads, Part 4 - Intersections and Crossings 

 Guide to Road Design- Austroads Part 6 A: Road Safety Barrier Design 

 Guide to Traffic Management- Austroads, Part 3: Traffic Studies and Analysis 

 National Association of Australian State Road Authorities (NAASRA 1995)  

 AS1428.4.1 Means to Assist the Orientation of People With Vision Impairment-Tactile 

Ground Surface Indicators – 2009 

 AS 1742.10 Manual of Uniform Traffic Control Devices General Introduction and Index 

of Sign 

 AS1742.11 Manual of Uniform Traffic Control Devices 

 AS1742.13 Manual of Uniform Traffic Control Devices Traffic control, Part13: Local 

Area Traffic Management 

 AS1742.2 Manual of Uniform Traffic Control Devices Traffic control, Part2: Devices for 

General Use 

 AS 1742.3 Manual of Uniform Traffic Control Devices, Part 3: Traffic Control for Works 

on Road 

 AS2703-Vehicle Loop Detector Sensor,2008 

 AS2876 – Concrete Kerbs and Channels, (Gutters) Manually or Machine Pressed, 2000 

 AS2890.1: Parking Facilities, 2004 
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10 APPENDIX B – SERVICES DEPARTMENT 

 MAINS WATER SUPPLY 

10.1.1 INPUTS FOR EXISTING SYSTEM 

Peak hour demands were determined for each residential allotment in the project area using 

Table 2.1 of WSA 03 – 2002. To determine these demands, the project area was first divided 

into 14 sub-catchments as shown in Figure 124 and the area of each property within the sub-

catchment was found using google maps. Using these areas the peak hour demand could be 

determined. Since the mains water system is located in a residential/urban area, a peaking 

factor of 5 was used to convert peak hour demand to the design demand. These design 

demands, along with the total demand for each sub-catchment are summarised in Table 102 

to Table 115. Note that a peak hour demand of 6.35L/s/100 lots and a peak hour demand of 

9L/s/100 lots was assumed for allotments that had a size of less than 500m2 and greater than 

1000m2 respectively. 
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Figure 124: 14 Sub-Catchments Used in the EPANET Model 
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Table 102: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 1 

1 1 1,012 9 0.09 0.450 

1 7 348 6.35 0.0635 0.318 

1 3-9 199 6.35 0.0635 0.318 

1 11 238 6.35 0.0635 0.318 

1 1 160 6.35 0.0635 0.318 

1 3 110 6.35 0.0635 0.318 

1 5 1,158 9 0.09 0.450 

1 7 268 6.35 0.0635 0.318 

1 9 269 6.35 0.0635 0.318 

1 11 302 6.35 0.0635 0.318 

1 13 145 6.35 0.0635 0.318 

1 15 265 6.35 0.0635 0.318 

1 17 140 6.35 0.0635 0.318 

1 21 348 6.35 0.0635 0.318 

1 25 373 6.35 0.0635 0.318 

1 8 364 6.35 0.0635 0.318 

1 10 103 6.35 0.0635 0.318 

1 27 152 6.35 0.0635 0.318 

1 4 111 6.35 0.0635 0.318 

1 2 161 6.35 0.0635 0.318 

1 53 123 6.35 0.0635 0.318 

1 51 141 6.35 0.0635 0.318 

1 49 141 6.35 0.0635 0.318 

1 47 167 6.35 0.0635 0.318 

1 43 455 6.35 0.0635 0.318 

1 41 291 6.35 0.0635 0.318 

1 35 368 6.35 0.0635 0.318 

1 33 186 6.35 0.0635 0.318 

1 31 60 6.35 0.0635 0.318 

1 25-29 502 6.36 0.0636 0.318 

1 25 502 6.36 0.0636 0.318 

1 23A 473 6.35 0.0635 0.318 

1 23 926 8.6 0.086 0.430 

1 21 502 6.36 0.0636 0.318 

1 19 418 6.35 0.0635 0.318 

TOTAL 11.5 

 

 

Table 103: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 2 

2 17 180 6.35 0.0635 0.318 

2 25 197 6.35 0.0635 0.318 

2 27 257 6.35 0.0635 0.318 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 324 | 708 

Version 2.0 

2 29 287 6.35 0.0635 0.318 

2 1 230 6.35 0.0635 0.318 

2 3 190 6.35 0.0635 0.318 

2 5 149 6.35 0.0635 0.318 

2 7 130 6.35 0.0635 0.318 

2 9 132 6.35 0.0635 0.318 

2 13 192 6.35 0.0635 0.318 

2 15 516 6.43 0.0643 0.322 

2 19 303 6.35 0.0635 0.318 

2 12 153 6.35 0.0635 0.318 

2 38 123 6.35 0.0635 0.318 

2 36 110 6.35 0.0635 0.318 

2 34 154 6.35 0.0635 0.318 

2 32 190 6.35 0.0635 0.318 

2 30 163 6.35 0.0635 0.318 

2 28 167 6.35 0.0635 0.318 

2 26 167 6.35 0.0635 0.318 

2 24 190 6.35 0.0635 0.318 

2 20-22 251 6.35 0.0635 0.318 

2 18 177 6.35 0.0635 0.318 

2 16 170 6.35 0.0635 0.318 

2 14 191 6.35 0.0635 0.318 

2 10 336 6.35 0.0635 0.318 

2 8 162 6.35 0.0635 0.318 

2 6 178 6.35 0.0635 0.318 

2 2-4 287 6.35 0.0635 0.318 

TOTAL 9.22 

 

  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 325 | 708 

Version 2.0 

Table 104: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 3 

3 31 540 6.56 0.0656 0.328 

3 33 523 6.47 0.0647 0.324 

3 35 463 6.35 0.0635 0.318 

3 37 578 6.76 0.0676 0.338 

3 39 674 7.27 0.0727 0.364 

3 43 820 8.05 0.0805 0.403 

3 45 1,092 9 0.09 0.450 

3 1 1,146 9 0.09 0.450 

3 3 684 7.33 0.0733 0.367 

3 7 730 7.57 0.0757 0.379 

3 2 219 6.35 0.0635 0.318 

3 4 145 6.35 0.0635 0.318 

3 6 170 6.35 0.0635 0.318 

TOTAL 4.68 

 

Table 105: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 4 

4 2C 100 6.35 0.0635 0.318 

4 51 240 6.35 0.0635 0.318 

4 51A 251 6.35 0.0635 0.318 

4 53 757 7.71 0.0771 0.386 

4 55 410 6.35 0.0635 0.318 

4 2 391 6.35 0.0635 0.318 

TOTAL 1.98 

 

Table 106: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 5 

5 61 2,640 9 0.09 0.45 

5 63 2,250 9 0.09 0.45 

5 63 3,263 9 0.09 0.45 

TOTAL 1.35 

  

 

Table 107: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 6 

6 65 600 6.88 0.0688 0.344 

6 65A 216 6.35 0.0635 0.318 

6 1 391 6.35 0.0635 0.318 

6 3 554 6.64 0.0664 0.332 

6 5 566 6.70 0.067 0.335 

6 7 599 6.87 0.0687 0.344 

6 6 692 7.37 0.0737 0.369 

6 63 935 8.66 0.0866 0.433 

TOTAL 2.79 
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Table 108: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 7 

7 67 1,130 9 0.09 0.450 

7 69 1,628 9 0.09 0.450 

7 73 3,610 9 0.09 0.450 

7 3 190 6.35 0.0635 0.318 

7 5 460 6.35 0.0635 0.318 

7 7 196 6.35 0.0635 0.318 

7 9 196 6.35 0.0635 0.318 

7 11 362 6.35 0.0635 0.318 

7 6 163 6.35 0.0635 0.318 

7 4 563 6.68 0.0668 0.334 

7 2 517 6.44 0.0644 0.322 

7 1A 542 6.57 0.0657 0.329 

7 67 1,108 9 0.09 0.450 

TOTAL 4.69 

 

 

Table 109: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 8 

8 79 1,028 9 0.09 0.450 

8 81 528 6.50 0.065 0.325 

8 1 400 6.35 0.0635 0.318 

8 3A 391 6.35 0.0635 0.318 

8 5 400 6.35 0.0635 0.318 

8 7A 351 6.35 0.0635 0.318 

8 9 468 6.35 0.0635 0.318 

8 4 226 6.35 0.0635 0.318 

8 6 226 6.35 0.0635 0.318 

8 10 110 6.35 0.0635 0.318 

8 18 468 6.35 0.0635 0.318 

8 14 436 6.35 0.0635 0.318 

8 8 127 6.35 0.0635 0.318 

8 6 127 6.35 0.0635 0.318 

8 4 460 6.35 0.0635 0.318 

TOTAL 4.91 

 

Table 110: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 9 

9 82 223 6.35 0.0635 0.318 

9 83 223 6.35 0.0635 0.318 

9 85 574 6.74 0.0674 0.337 

9 1A 220 6.35 0.0635 0.318 
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9 1 192 6.35 0.0635 0.318 

9 3 192 6.35 0.0635 0.318 

9 5 390 6.35 0.0635 0.318 

9 7 192 6.35 0.0635 0.318 

9 7A 192 6.35 0.0635 0.318 

9 9 791 7.89 0.0789 0.395 

9 11 256 6.35 0.0635 0.318 

9 2 226 6.35 0.0635 0.318 

9 8 354 6.35 0.0635 0.318 

9 10 933 8.64 0.0864 0.432 

9 12 230 6.35 0.0635 0.318 

TOTAL 4.98 

 

Table 111: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 10 

10 87 680 7.30 0.073 0.365 

10 89 780 7.83 0.0783 0.392 

10 91 746 7.65 0.0765 0.383 

10 1 872 8.32 0.0832 0.416 

10 7 111 6.35 0.0635 0.318 

10 9 111 6.35 0.0635 0.318 

10 13 123 6.35 0.0635 0.318 

10 12 156 6.35 0.0635 0.318 

10 10 393 6.35 0.0635 0.318 

10 8 393 6.35 0.0635 0.318 

10 6 393 6.35 0.0635 0.318 

10 4 583 6.79 0.0679 0.340 

10 2 583 6.79 0.0679 0.340 

TOTAL 4.46 
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Table 112: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 11 

11 63 342 6.35 0.0635 0.318 

11 57 342 6.35 0.0635 0.318 

11 40 222 6.35 0.0635 0.318 

11 37-44 222 6.35 0.0635 0.318 

11 37 222 6.35 0.0635 0.318 

11 40 181 6.35 0.0635 0.318 

11 33 2,000 9 0.09 0.450 

11 32 1,190 9 0.09 0.450 

11 31 462 6.35 0.0635 0.318 

11 28 519 6.45 0.0645 0.323 

11 27A 523 6.47 0.0647 0.324 

11 2 1,092 9 0.09 0.450 

11 6A 150 6.35 0.0635 0.318 

11 8 1,033 9 0.09 0.450 

11 10 900 8.47 0.0847 0.424 

11 10A 737 7.61 0.0761 0.381 

11 12 250 6.35 0.0635 0.318 

11 70 1,013 9 0.09 0.450 

11 72 864 8.28 0.0828 0.414 

11 74 839 8.15 0.0815 0.408 

11 55 431 6.35 0.0635 0.318 

11 57 360 6.35 0.0635 0.318 

11 59 366 6.35 0.0635 0.318 

11 63 295 6.35 0.0635 0.318 

11 65 160 6.35 0.0635 0.318 

11 61 192 6.35 0.0635 0.318 

11 67 351 6.35 0.0635 0.318 

11 34 2,000 9 0.09 0.450 

TOTAL 10.1 
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Table 113: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 12 

12 1A 513 6.42 0.0642 0.321 

12 3 492 6.35 0.0635 0.318 

12 5 496 6.35 0.0635 0.318 

12 7 513 6.42 0.0642 0.321 

12 9 512 6.41 0.0641 0.321 

12 9A 512 6.41 0.0641 0.321 

12 66 778 7.82 0.0782 0.391 

12 64 154 6.35 0.0635 0.318 

12 62 154 6.35 0.0635 0.318 

12 60 154 6.35 0.0635 0.318 

TOTAL 3.27 

 

Table 114: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 13 

13 22 851 8.21 0.0821 0.411 

13 21 851 8.21 0.0821 0.411 

13 2 555 6.64 0.0664 0.332 

13 4 493 6.35 0.0635 0.318 

13 6 512 6.41 0.0641 0.321 

13 8 462 6.35 0.0635 0.318 

13 52 391 6.35 0.0635 0.318 

13 54 401 6.35 0.0635 0.318 

13 56 564 6.69 0.0669 0.335 

13 23 2,225 9 0.09 0.450 

TOTAL 3.53 
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Table 115: Estimating Peak Hour Demands for Each Lot in Sub-Catchment 14 

14 20 1,621 9 0.09 0.450 

14 19 618 6.98 0.0698 0.349 

14 18 1,000 9 0.09 0.450 

14 17 880 8.36 0.0836 0.418 

14 16 853 8.22 0.0822 0.411 

14 15 901 8.48 0.0848 0.424 

14 9 514 6.42 0.0642 0.321 

14 7 460 6.35 0.0635 0.318 

14 3 486 6.35 0.0635 0.318 

14 1 483 6.35 0.0635 0.318 

14 38 562 6.68 0.0668 0.334 

14 40 562 6.68 0.0668 0.334 

14 42 532 6.52 0.0652 0.326 

14 44 532 6.52 0.0652 0.326 

14 46 421 6.35 0.0635 0.318 

14 48 485 6.35 0.0635 0.318 

14 50 521 6.46 0.0646 0.323 

14 9 556 6.65 0.0665 0.333 

14 5 374 6.35 0.0635 0.318 

14 3 374 6.35 0.0635 0.318 

14 1 683 7.32 0.0732 0.366 

TOTAL 7.39 

 

After establishing the total design demand for each sub-catchment a model could be 

developed in EPANET. The model is shown below in Figure 125.  
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Figure 125: EPANET Model 
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Notes: 

 SC1, SC2, SC3 etc. represent sub-catchments 1, 2, 3 etc. 

 J1, J2, J3 etc. represent junctions 1, 2, 3 etc. 

 P1, P2, P3 etc. represent pipes 1, 2, 3 etc. 
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DBYD maps were then used to obtain the pipe diameters and these details were substantiated 

by the data on location SA viewer. In addition, after developing a scaled Drawing of the mains 

water pipes on AutoCAD, the length of these pipes could be determined. The pipe details used 

are summarised in Table 116. 

Table 116: Pipe Details 

P1 CI 988 122 110 

P2 CICS 770 426 120 

P3 MSCS 1023 800 140 

P4 MSCS 23 800 140 

P5 MSCS 115 800 140 

P6 MSCS 207 800 140 

P7 MSCS 65 800 140 

P8 MSCS 120 800 140 

P9 MSCS 316 800 140 

P10 CI 20 122 110 

P11 CI 20 122 110 

P12 CI 335 122 110 

P13 CI 171 122 110 

P14 CI 261 122 110 

P15 CI 20 122 110 

P16 CI 20 122 110 

P17 CI 20 200 110 

P18 CI 15 122 110 

P19 CI 20 122 110 

P20 CI 20 122 110 

P21 CI 20 122 110 

P22 CI 70 122 110 

P23 CI 70 122 110 

P24 CI 30 122 110 

P25 CI 65 122 110 

P26 CI 70 122 110 

P27 CI 60 122 110 

P28 CI 60 122 110 

P29 CI 60 122 110 

P30 CI 60 122 110 

P31 CI 60 122 110 

P32 CI 60 122 110 

P33 CI 30 122 110 

P34 CI 60 122 110 

P35 CI 60 122 110 
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To determine the invert levels (ILs) of the junctions and sub-catchments, contour maps from 

Location SA viewer had to be used. Based on these maps, the finished surface levels (FSLs) 

could be found and the ILs calculated using: 

IL = FSL – Cover – Pipe Diameter  

Note that because the cover for the mains water pipe is unknown, a minimum cover of 

750mm was used to be conservative.  

Table 117 and Table 118 below details the properties of the sub-catchments and junctions 

respectively. 

Table 117: Sub-Catchment Properties 

SC1 38 37.1 11.5 

SC2 36 35.1 9.22 

SC3 36 35.1 4.68 

SC4 36 35.1 1.98 

SC5 36 35.1 1.35 

SC6 34 33.1 2.79 

SC7 32 31.1 4.69 

SC8 32 31.1 4.91 

SC9 32 31.1 4.98 

SC10 32 31.1 4.46 

SC11 34 33.1 10.1 

SC12 34 33.1 3.27 

SC13 36 35.1 3.53 

SC14 36 35.1 7.39 
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Table 118: Junction Properties 

J1 36 35.1 

J2 36 35.1 

J3 36 35.1 

J4 36 35.1 

J5 36 35.1 

J6 34 33.1 

J7 32 31.1 

J8 32 31.1 

J9 32 31.1 

J10 32 31.1 

J11 32 31.1 

J12 32 31.1 

J13 32 31.1 

J14 36 34.8 

J15 34 32.8 

J16 32 30.8 

J17 36 34.5 

J18 36 34.5 

J19 30 28.5 

J20 30 28.5 

J21 32 30.5 

J22 32 30.5 

J23 32 30.5 

J24 32 30.5 

J25 32 30.5 

J26 32 30.5 

J27 34 32.5 

J28 34 32.5 

J29 32 31.1 

J30 32 31.1 

J31 32 31.1 

J32 32 31.1 

J33 32 31.1 

J34 32 31.1 

J35 34 33.1 

J36 34 33.1 

J37 34 33.1 

J38 36 35.1 

J39 36 35.1 

J40 36 35.1 

Note: Design demand for all junctions located on the road is 0L/s as stated in the WSA code. 

 

After establishing the total design demand for each sub-catchment and determining the pipe 
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details, sub-catchment properties and junction properties, all this data was input into the 

EPANET model and an analysis was run.  

 STORMWATER 

 

 

Figure 126: Intensity-Frequency-Duration Table 

 

Table 119: Properties of Stormwater Drainage Pipes in Tunnel, Northern Part 

Pit 4b-Pit 4a 22.85 6.18 22.75 1.62 0.15 

Pit 4a-Pit 3a 22.45 100 21.85 0.6 0.45 

Pit 3b-Pit 3a 22.25 6.18 22.15 1.61 0.15 

Pit 3a-Pit 2a 21.85 100 21.35 0.5 0.45 

Pit 2b-Pit 2a 21.85 6.18 21.65 3.2 0.15 

Pit 2a-Pit 1 21.35 100 20.75 0.7 0.45 
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Table 120: Surface Level of Pits Located in the Northern Part of Tunnel 

 

 

 

 

 

Table 121: Properties of Stormwater Drainage Pipes in the Southern Part of Tunnel 

Pit 1.1-Pit 1 22.65 6.18 22.55 1.618123 0.15 

Pit 1-Pit 2 22.325 100 22.15 0.175 0.375 

Pit 2.2- Pit 2 22.25 6.18 22.15 1.618123 0.15 

Pit 2- Pit 3 21.925 100 21.425 0.5 0.375 

 

Table 122: Surface Level of Pits Located in the Southern Part of the Tunnel 

Pit 1 23.3 

Pit 1.1 23.4 

Pit 2 22.9 

Pit 2.2 23 

Pit 3 22.4 

 

Pit 4b 23.6 

Pit 4a 23.5 

Pit 3b 23 

Pit 3a 22.9 

Pit 2b 22.6 

Pit2a 22.4 

Pit 1 22 
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Figure 127: ROCLA Butt Joint Jacking Pipe - General Details 
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Figure 128: ROCLA Culvert Tank Dimensions 
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Figure 129: Ecosol Products, Dimensions and Holding Capacities 
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Figure 130: Treatable Flow Rates for High Flow Ecosol GPT 

MUSIC Output 

 

Figure 131: MUSIC Model for Southern Catchment 
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Figure 132: Total Suspended Solid for Southern Catchment 
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Figure 133: Total Phosphorus for Southern Catchment 
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Figure 134: Total Nitrogen for Southern Ecosol GPT 
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Figure 135: Gross Pollution for Southern Ecosol GPT 

 

Figure 136: Treatment Train Effectiveness for Southern Ecosol GPT by MUSIC 
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Figure 137: MUSIC Model for Northern Catchment 

 

Figure 138: Total Suspended Solids by Northern Ecosol GPT 
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Figure 139: Total Phosphorus by Northern Ecosol GPT 
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Figure 140: Total Nitrogen for Northern Ecosol GPT 
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Figure 141: Gross Pollutant for Northern Ecosol GPT 

 

Figure 142: Treatment Train Effectiveness for Northern Ecosol GPT by MUSIC 
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 UNDERGROUND POWER 

 

Figure 143: Allowable Vertical Separation Between Services 

 

Figure 144: Allowable Horizontal Separation between Services 
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 OVERHEAD POWER 

 

Figure 145: Minimum Clearances for Building near Overhead Powerlines 

 

Figure 146: Minimum Clearances for Working near Overhead Powerlines 
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 ADDITIONAL TUNNEL SERVICES 

10.5.1 LIGHTING 

 

Figure 147: Full Specifications of the Flowline LED unit BFB330 (Philips 2015) 
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10.5.2 VENTILATION 

 

Figure 148: Details of the Korfmann dAL-8-150 Axial Flow Fans (Korfmann 2013) 
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11 APPENDIX C – GEOTECHNICAL DEPARTMENT 

11.1.1 SOIL PARAMETERS 

11.1.1.1 BOREHOLES DATA ANALYSES 

The most recent borehole data available were collected from the geotechnical field 

investigations completed in 2010 and borehole locations are illustrated in Figure 149 below: 

 

Figure 149: Bore Hole Log Location 

As all boreholes data were analysed and documented, the Geotechnical Department has 

determined that the soil data of borehole 1 (BH1) will be selected to be the soil reference for 

all abutments and piles design processes. The soil profile of BH1 was determined to be the 

worst-case scenario. 

11.1.1.2 SOILS CLASSIFICATION 

The geotechnical parameters derived from the drilling of borehole 1 were simplified into 5 

dominant layers and the design was made base on the characteristics of these layers. 
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Therefore, the subsurface conditions of the abutments site based on the drilling of BH1 are 

summarized as below: 

1. 0 m – 1.2 m: Fill – Gravelly sandy clay; sandy silt; very low plasticity  

2. 1.2 m – 2.8 m: Silty sand; sand is fine to medium; trace plasticity 

3. 2.8 m – 7.0 m: Sandy clayey gravel; low to medium plasticity 

4. 7.0 m – 9.8 m: Silty sandy clay; medium to high strength siltstone; angular coarse 

gravel 

5. 9.8 m – 20.0 m: Sandy clayey silt; strong siltstone gravel 

Figure 160 below shows the simplified layers: 

 

 

 

 

 

 

 

 

 

 

 

Figure 150: Borehole Soil Layers 

 

11.1.1.3 DRAINED AND UNDRAINED ANALYSES 

The water table is recorded at 3.2 meters depth during the borehole drilling (refer to Error! R

eference source not found.). Therefore, two cases of analysis including drained and 

undrained was undertaken for the design processes. Undrained analysis is critical to assess 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 357 | 708 

Version 2.0 

the short-term stability of the structure where drained analysis was carried out to assess the 

long-term stability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 151: Water Table Depth 
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11.1.2 SERVICES BRIDGE    

11.1.2.1 PILE DESIGN AND CALCULATIONS 

Ru = ∑fsAs + fbAb 

𝐴𝑠 =  𝜋 ∗  𝑑 ∗ ℎ   

fs Calculation: 

This is dependent if the soil is of sand or clay nature. 

Clay fs = α x cu  

Where α is found from the Reaction factor (α) vs Undrained Shear Strength (cu)  

 

 

 

 

 

 

 

 

 

 

Figure 152: Graph of Reduction Factor vs Undrained Shear Strength 
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For sandy soil the β method is implemented 

Where β is from Table 123. 

Table 123: FSL for Piles in Silica Sand  

Condition of soil Relative density β fsl 

Loose 0.2 - 0.3 0.3 10 

Medium - Loose 0.3 - 0.4 0.4 16 

Medium 0.4 – 0.6 0.5 25 

Medium - dense 0.6 – 0.75 0.65 35 

Dense 
0.75 – 0.9 0.8 45 

Very dense >0.9 0.9 50 

 

Due to BH1 being the critical condition the piles were designed in accordance to BH1’s soil 

specifications. The pile will then be identical for the opposite side. The pile chosen will a 12m 

by 900mm diameter circular pile.  

 

 

                                                                                             Figure 153: BH1 Vertical Stress Diagram 
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The abutment will be constructed to the soil CFA out lined in BH1 as this has the least amount 

of bearing pressure of the two locations. Due to this the two piles are to be constructed 

identically.  

The load that will be applied to the piles is 340kN axial load down along with a 19.6kN moment 

force.  

Layer 1 

As layer 1 is a clay layer the α method was adopted.  

𝐴𝑠1 = 𝜋 ∗ 0.9 ∗ 1.2 = 3.39m2 

From graph 1 with a cu of 42, α = 1 

Hence As1 fs1 = 42 x 3.39  

= 142.4 kN 

Layer 2  

Layer 2 is a sandy soil, this requires the β method to be implemented  

 

 

 

 

 

 

 

 

 

 

 

Figure 154: Layer 2 Vertical Stress Diagram 

 

Hence 

𝐴𝑠2 = 𝜋 ∗ 0.9 ∗ 1.6 = 4.52m2 

From Figure 163 has a vertical stress diagram as shown 
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As the soil was loose table 3 can be used to determine the relative density factor and the 

FSL. The FS diagram can be calculated by multiplying the vertical stress by the relative 

density factor 

Hence the Fs diagram is  

 

 

 

 

FsTOP = 21.6 x 0.3 = 6.48 

FsBOT = 56.0 x 0.3 = 16.8 

 

 

 

 

 

 

 Figure 155: Fs2Diagram 

 

(
𝑥

1.6
) =

10 − 6.48

16.8 − 6.48
 

𝑥 = (
3.52

10.32
)* 1.6 

X = 0.55m 

Therefore 

fs2 = 0.5 ∗ 0.55 ∗ 10 + 6.48 ∗ 0.55 + 10 ∗ 1.05 

fs2  = 16.78 

As2 fs2 = 4.52 * 16.78  

= 75.8 kN 
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Layer 3 

Layer 3 is a Gravelly soil which can act as a sandy soil hence this requires the β method  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 156:  Layer 3 vertical Stress Diagram 

As the soil was dense table 3 can be used to determine the relative density factor and the 

FSL. The FS diagram can be calculated by multiplying the vertical stress by the β = 0.8 

 

Hence the Fs diagram is  

FsTOP = 56.0 x 0.8 = 44.8 

FsBOT = 144.2 x 0.8 = 115.4 

 

 

Hence  

𝐴𝑠3 = 𝜋 ∗ 0.9 ∗ 4.2 = 11.9m2 

From figure 2 layer 3 has a vertical stress diagram as shown 

in Figure 156.  

 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 363 | 708 

Version 2.0 

 

 

Figure 157: Fs3Diagram 

 

(
𝑥

4.2
) =

45 − 44.8

115.4 − 44.8
 

𝑥 = (
3.52

10.32
)* 4.2 

X = 0.012m  

Therefore 

Fs3 = 0.5 ∗ 0.012 ∗ 45 + 44.8 ∗ 0.012 + 45 ∗ 4.19 

Fs3  = 1890 

As3 fs3 = 11.9 * 1890  

= 2258 kN 

Layer 4 

As layer 4 is a clay layer the α method was adopted.  

𝐴𝑠4 = 𝜋 ∗ 0.9 ∗ 2.8 = 7.90m2 

From graph 1 with a cu of 153, α = 0.45 

fs4 = 0.45 * 153 = 68.9 

Hence As4 fs4 = 7.90 * 68.9 

= 543.9 kN 
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Layer 5 

As layer 5 is a clay silt so the α method was adopted.  

𝐴𝑠5 = 𝜋 ∗ 0.9 ∗ 2.2 = 6.20m2 

From graph 1 with a cu of 300, α = 0.35 

Fs5= 0.35 * 300 = 105 

Hence As5 fs5 = 6.20 * 105 

= 651 kN 

Ab5 fb5 

Ab5  = π x 0.452 

= 0.64 

 

Fb5 = Nc x Cu  

Where Nc = 9 

Hence 

Fb5 = 9 x 300 

= 2700  

Therefore  

Ab5 fb5 = 0.64 * 2700 

= 1728kN 

Ru = ∑fsAs + fbAb 

Ru = (142 + 75 + 2258 + 543 + 1728 + 651) + 1728  

= 5397 kN 

Ru(SAFE) = (
5397

4
) 

= 1354kN >> 340Kn 
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Hence the 12 meter long by 900 millimetre diameter pile design is safe for loading that will 

be applied to it. The hand calculations haven’t considered for the moment load. Hence the 

software GEO5 was implemented to model the design. 

These dimensions were input into GEO5 and was then modelled with the bearing pressures 

calculated in this section. This output is shown below.  

11.1.2.2 GEO 5 OUTPUT FILES  

Pile verification 

Input data 

Project 
 

Date : 7/06/2017 
 

Settings 

USA - Safety factor 

Materials and standards 
 

Concrete structures : ACI 318-11 
 

Piles 
 

Analysis for drained conditions : NAVFAC DM 7.2 

Load curve : linear (Poulos) 

Horizontal bearing capacity : Elastic subsoil (p-y method) 

Verification methodology : Safety factors (ASD) 
 

Safety factors 

Permanent design situation 

Safety factor for compressive pile : SFcp = 2.00 [–] 

Safety factor for tensile pile : SFtp = 3.00 [–] 

 

Basic soil parameters  
 

No. Name Pattern 
  

[kN/m3] [–] 

1 Gravelly silt (MG), consistency firm 

 

19.01 0.35 

2 Silty sand (SM) 

 

18.07 0.30 

3 
Sandy clay (CS), consistency very stiff 
Sr > 0.8 

 

19.00 0.35 
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No. Name Pattern 
  

[kN/m3] [–] 

4 
Low plasticity silt (ML,MI), consistency 
very stiff Sr > 0.8 

 

18.00 0.35 

 

All soils are considered as cohesionless for at rest pressure analysis. 

  

No. Name Pattern 
Eoed Edef sat s n 

[MPa] [MPa] [kN/m3] [kN/m3] [–] 

1 Gravelly silt (MG), consistency firm 

 

19.36 -  19.01 -  -  

2 Silty sand (SM) 

 

13.69 -  19.01 -  -  

3 
Sandy clay (CS), consistency very stiff 
Sr > 0.8 

 

0.17 -  19.01 -  -  

4 
Low plasticity silt (ML,MI), consistency 
very stiff Sr > 0.8 

 

0.17 -  19.01 -  -  

 

No. Name Pattern 
ef  K cu  

[°] [°] [–] [kPa] [–] 

1 Gravelly silt (MG), consistency firm 

 

29.00 - - - - 

2 Silty sand (SM) 

 

29.00 - - - - 

3 
Sandy clay (CS), consistency very stiff 
Sr > 0.8 

 

24.50 - - - - 

4 
Low plasticity silt (ML,MI), consistency 
very stiff Sr > 0.8 

 

21.00 - - - - 

 

Parameters of soils to compute modulus of subsoil reaction  
 

No. Name Pattern 
 

 

1 Gravelly silt (MG), consistency firm 

 

0.00 

2 Silty sand (SM) 

 

0.00 

3 
Sandy clay (CS), consistency very stiff 
Sr > 0.8 

 

0.00 
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No. Name Pattern 
 

 

4 
Low plasticity silt (ML,MI), consistency 
very stiff Sr > 0.8 

 

0.00 

 

Soil parameters 
 

Gravelly silt (MG), consistency firm 

Unit weight :  = 19.01 kN/m3  

Poisson's ratio :  = 0.35   

Oedometric modulus : Eoed = 19.36 MPa  

Saturated unit weight : sat = 19.01 kN/m3  

Angle of dispersion :  = 0.00 °  

Angle of internal friction : ef = 29.00 °  

  

Silty sand (SM) 

Unit weight :  = 18.07 kN/m3  

Poisson's ratio :  = 0.30   

Oedometric modulus : Eoed = 13.69 MPa  

Saturated unit weight : sat = 19.01 kN/m3  

Angle of dispersion :  = 0.00 °  

Angle of internal friction : ef = 29.00 °  

  

Sandy clay (CS), consistency very stiff Sr > 0.8 

Unit weight :  = 19.00 kN/m3  

Poisson's ratio :  = 0.35   

Oedometric modulus : Eoed = 0.17 MPa  

Saturated unit weight : sat = 19.01 kN/m3  

Angle of dispersion :  = 0.00 °  

Angle of internal friction : ef = 24.50 °  

  

Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

Unit weight :  = 18.00 kN/m3  

Poisson's ratio :  = 0.35   

Oedometric modulus : Eoed = 0.17 MPa  

Saturated unit weight : sat = 19.01 kN/m3  

Angle of dispersion :  = 0.00 °  

Angle of internal friction : ef = 21.00 °  
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Geometry 

Pile profile: circular 

Dimensions 

Diameter d = 0.90 m 

Length l = 12.00 m 
 

Location 

Off ground height h = 0.00 m 

Depth of finished grade hz = 0.00 m 

 

Technology: CFA piles 

Modulus of subsoil reaction assumed constant. 

  

Material of structure 

Unit weight  = 25.00 kN/m3 

Analysis of concrete structures carried out according to the standard ACI 318-11. 

 

Concrete : Concrete ACI 

Compressive strength fc' = 40.00 MPa 

Tensile-bending strength fr = 3.94 MPa 

Elasticity modulus Ecm = 29933.97 MPa 

Shear modulus G = 12572.27 MPa 
 

Longitudinal steel : A615/40 

Tensile strength fy = 275.79 MPa 

 

Geological profile and assigned soils 
 

No. 
Layer 

Assigned soil Pattern 
[m] 

1 1.20 Gravelly silt (MG), consistency firm 

 

2 1.60 Silty sand (SM) 

 

3 4.20 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

4 2.80 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

5 10.20 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

6 - Sandy clay (CS), consistency very stiff Sr > 0.8 
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Load 
 

No. 
Load 

Name Type 
N Mx My Hx Hy 

new change [kN] [kNm] [kNm] [kN] [kN] 

1 YES  Load No. 1 Design 340.00 20.00 0.00 0.00 0.00 
 

Ground water table 

The ground water table is at a depth of 0.00 m from the original terrain. 

Analysis of vertical bearing capacity : analytical solution 

Analysis type : analysis for drained conditions 

  

Settings of the stage of construction 

Design situation : permanent 

Verification methodology : without reduction of soil parameters 

  

Verification No. 1  

Verification of pile bearing capacity according to NAVFAC DM 7.2 - partial results 

Computation of pile base bearing capacity: 

The soil under the base is cohesionless     

Coefficient of bearing capacity Nq = 9.00  

Area of pile transverse cross-section Ap = 6.36E-01 m2 

 

Pile ultimate skin resistance capacity: 

  

Depth Thickness cud  kdc   or Rsi 

[m] [m] [kPa] [–] [–] [°] [kPa] [kN] 

0.90 0.90 - - 1.25 21.75 4.05 5.14 

1.20 0.30 - - 1.25 21.75 8.11 3.42 

2.80 1.60 - - 1.25 21.75 8.11 18.26 

7.00 4.20 - - 1.14 18.38 8.11 36.41 

9.80 2.80 - - 1.08 15.75 8.11 19.49 

12.00 2.20 - - 1.14 18.38 8.11 19.07 

 

Verification of bearing capacity : NAVFAC DM 7.2 

Analysis carried out with automatic selection of the most unfavourable load cases. 

Factor determining critical depth kdc = 1.00 

Bearing capacity factor Nq = 9.00 

 

Verification of compressive pile: 

Most severe load case No. 1. (Load No. 1) 

  

Pile skin bearing capacity Rs = 101.80 kN 
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Pile base bearing capacity Rb = 618.88 kN 

      

Pile bearing capacity Rc = 720.68 kN 

Ultimate vertical force Vd = 340.00 kN 

 

 

Safety factor = 2.12 > 2.00 

 

Pile bearing capacity is SATISFACTORY 

  

Verification No. 1  

Analysis of load settlement curve - input data 
 

Layer Es 

No. [MPa] 

1 15.00 

2 15.00 

3 15.00 

4 15.00 

5 15.00 

 

Type of pile : end-bearing pile 

Maximum pile settlement slim = 25.0 mm 

  

Analysis of load settlement curve - partial results 
 

Correction factor on soil stiffness Ck = 0.96  

Correction factor on Poisson's ratio Cv = 0.83  

Correction factor on soil stiffness Cb = -7.70  

Correction factor on incompressible layer 0 = 0.09  

Transfer coefficient of load into base  = -0.55  

      

Influence coefficients of settlement :     

Basic - dependent on ratio l/d I1 = 0.12  

Coefficient of pile stiffness influence Rk = 1.03  

Coefficient of incompressible layer influence Rh = 1.00  

Correction factor on Poisson's ratio Rv = 0.93  

 

Analysis of load settlement curve - results 
 

Load at the onset of mobilization of skin friction Ryu = 101.80 kN 

The settlement for the force Ryu sy = 0.8 mm 
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Total resistance Rc = 101.80 kN 

Maximum settlement slim = 1.7 mm 

 

Verification No. 1  

Input data to compute pile horizontal bearing capacity 

Analysis carried out with automatic selection of the most unfavourable load cases. 

Horizontal bearing capacity verified in the direction of maximum load effect. 

  

Distributions of internal forces and displacement of pile 

Pile displacements and internal forces distributions - maximum values 

Dist. Modulus k Displacement Rotat. Stress Shear Force Moment 

[m] [MN/m3] [mm] [mRad] [kPa] [kN] [kNm] 

0.00  0.00  0.00  0.26  7.34  0.00  20.00  

0.60  20.11  0.00  0.25  4.21  3.11  18.98  

1.20  20.11  0.00  0.24  1.14  4.58  16.60  

1.20  16.95  0.00  0.24  1.14  4.58  16.60  

1.80  16.95  0.08  0.23  0.00  4.48  13.81  

2.40  16.95  0.22  0.22  0.00  3.11  11.47  

2.80  16.95  0.31  0.22  0.00  2.24  10.47  

2.80  0.18  0.31  0.22  0.00  2.24  10.47  

3.00  0.18  0.35  0.22  0.00  1.80  9.97  

3.60  0.18  0.48  0.21  0.00  1.76  8.90  

4.20  0.18  0.60  0.21  0.00  1.71  7.86  

4.80  0.18  0.73  0.20  0.00  1.64  6.85  

5.40  0.18  0.85  0.20  0.00  1.57  5.89  

6.00  0.18  0.96  0.19  0.00  1.48  4.98  

6.60  0.18  1.08  0.19  0.00  1.38  4.12  

7.00  0.18  1.16  0.19  0.00  1.31  3.59  

7.00  0.18  1.16  0.19  0.00  1.31  3.59  

7.20  0.18  1.20  0.19  0.00  1.27  3.32  

7.80  0.18  1.31  0.19  0.00  1.15  2.60  

8.40  0.18  1.42  0.19  0.00  1.02  1.95  

9.00  0.18  1.53  0.19  0.00  0.87  1.38  

9.60  0.18  1.64  0.18  0.00  0.72  0.90  

9.80  0.18  1.68  0.18  0.00  0.67  0.77  

9.80  0.18  1.68  0.18  0.00  0.67  0.77  

10.20  0.18  1.75  0.18  0.00  0.56  0.52  

10.80  0.18  1.86  0.18  0.00  0.38  0.23  
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Dist. Modulus k Displacement Rotat. Stress Shear Force Moment 

[m] [MN/m3] [mm] [mRad] [kPa] [kN] [kNm] 

11.40  0.18  1.97  0.18  0.00  0.20  0.06  

12.00  0.18  2.08  0.18  0.00  0.00  0.00  
 

Pile displacements and internal forces distributions - minimum values 

Dist. Modulus k Displacement Rotat. Stress Shear Force Moment 

[m] [MN/m3] [mm] [mRad] [kPa] [kN] [kNm] 

0.00  0.00  -0.36  -0.00  -0.00  -0.00  0.00  

0.60  20.11  -0.21  -0.00  -0.00  0.00  -0.00  

1.20  20.11  -0.06  -0.00  -0.00  0.00  -0.00  

1.20  16.95  -0.06  -0.00  -0.00  0.00  -0.00  

1.80  16.95  -0.00  -0.00  -1.37  -0.00  -0.00  

2.40  16.95  -0.00  -0.00  -2.78  -0.00  -0.00  

2.80  16.95  -0.00  -0.00  -1.95  -0.00  -0.00  

2.80  0.18  -0.00  -0.00  -1.95  -0.00  -0.00  

3.00  0.18  -0.00  -0.00  -1.53  -0.00  -0.00  

3.60  0.18  -0.00  -0.00  -0.09  -0.00  -0.00  

4.20  0.18  -0.00  -0.00  -0.11  -0.00  -0.00  

4.80  0.18  -0.00  -0.00  -0.13  -0.00  -0.00  

5.40  0.18  -0.00  -0.00  -0.15  -0.00  -0.00  

6.00  0.18  -0.00  -0.00  -0.17  -0.00  -0.00  

6.60  0.18  -0.00  -0.00  -0.19  -0.00  -0.00  

7.00  0.18  -0.00  -0.00  -0.21  -0.00  -0.00  

7.00  0.18  -0.00  -0.00  -0.21  -0.00  -0.00  

7.20  0.18  -0.00  -0.00  -0.21  -0.00  -0.00  

7.80  0.18  -0.00  -0.00  -0.23  -0.00  -0.00  

8.40  0.18  -0.00  -0.00  -0.25  -0.00  -0.00  

9.00  0.18  -0.00  -0.00  -0.27  -0.00  -0.00  

9.60  0.18  -0.00  -0.00  -0.29  -0.00  -0.00  

9.80  0.18  -0.00  -0.00  -0.30  -0.00  -0.00  

9.80  0.18  -0.00  -0.00  -0.30  -0.00  -0.00  

10.20  0.18  -0.00  -0.00  -0.31  -0.00  -0.00  

10.80  0.18  -0.00  -0.00  -0.33  -0.00  -0.00  

11.40  0.18  -0.00  -0.00  -0.35  -0.00  -0.00  

12.00  0.18  -0.00  -0.00  -0.37  0.00  -0.00  
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Maximum internal force and deformation : 
 

Max. pile displacement = 2.1 mm 

Max. shear force = 4.58 kN 

Maximum moment = 20.00 kNm 
 

Dimensioning of reinforcement: 

Reinforcement - 6 pc bar No. 18; covering 40.0 mm 

Type of structure (reinforcement ratio) : column 

 

Reinforcement ratio  = 2.434 % > 1.000 % = min 

 

Load : Pu = -340.00 kN (compression) ; Mu = 20.00 kNm 

Bearing capacity : Pn = -13194.74 kN; Mn = 776.16 kNm 

 

Designed pile reinforcement is SATISFACTORY 

 

  

Verification of shear reinforcement: 

Ultimate shear force: Vn = 525.99 kN > 4.58 kN = Vu 

Cross-section is SATISFACTORY. 

 

  

 

 

Abutment verification 

Input data 

Project 
 

Date : 19/05/2017 

Unit weight of water is considered : 9,81 kN/m3 
 

Settings 

(input for current task) 

Materials and standards 
 

Abutment : AS 3600-2001 

AASHTO - reduce parameters of friction soil/soil by 2/3  

SNiP - input coefficients according to SNIP standards 
 

Coefficients according to SNiP 

Combination coefficient : k = 1.00 [–] 

Coefficient of action conditions : c = 0.90 [–] 
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Coefficients according to SNiP 

Coefficient of importance of structure : n = 1.10 [–] 

 

Wall analysis 
 

Active earth pressure calculation : Coulomb  

Passive earth pressure calculation : Caquot-Kerisel 

Earthquake analysis : Mononobe-Okabe 

Shape of earth wedge : Calculate as skew 

Allowable eccentricity : 0.333 

Verification methodology : Safety factors (ASD) 
 

Safety factors 

Permanent design situation 

Safety factor for overturning : SFo = 1.50 [–] 

Safety factor for sliding resistance : SFs = 1.50 [–] 

Safety factor for bearing capacity : SFb = 1.50 [–] 

 

Geometry of structure 
 

No. 
Coordinate Depth 

X [m] Z [m] 

1 0.00 0.00 

2 0.00 0.50 

3 0.00 1.50 

4 0.50 1.50 

5 0.50 2.10 

6 -1.00 2.10 

7 -1.00 1.50 

8 -1.00 0.50 

9 -0.50 0.50 

10 -0.50 0.00 

 

The origin [0,0] is located at the most upper right point of the wall. 

Wall section area = 2.15 m2. 

  

Length of bridge abutment = 9.80 m 

Length of abutment foundation = 10.80 m 
 

Extension of soil behind abutment = 9.00 m. 
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Material of structure 

Unit weight  = 25.00 kN/m3 

Analysis of concrete structures carried out according to the standard AS 3600-2001. 

 

Concrete : C 32 

Compressive strength fc = 32.00 MPa 

Tensile strength fctm = 3.39 MPa 

 

Longitudinal steel : D 500 N 

Tensile strength fsy = 500.00 MPa 

 

Soil parameters 
 

Gravelly silt (MG), consistency firm 

Unit weight :  = 19.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 8.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  

Saturated unit weight : sat = 19.00 kN/m3  

  

Silty sand (SM) 

Unit weight :  = 20.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 5.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  

Saturated unit weight : sat = 20.00 kN/m3  

  

Sandy clay (CS), consistency very stiff Sr > 0.8 

Unit weight :  = 21.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 24.50 °  

Cohesion of soil : cef = 26.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  

Saturated unit weight : sat = 21.00 kN/m3  

  

Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

Unit weight :  = 18.00 kN/m3  
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Stress-state : effective  

Angle of internal friction : ef = 34.00 °  

Cohesion of soil : cef = 24.00 kPa  

Angle of friction struc.-soil :  = 22.67 °  

Soil : cohesionless  

Saturated unit weight : sat = 18.00 kN/m3  

  

Load case, bridge load 

Name : traffic loads. 

Type of load case : service state. 

Forces generated by bridge 

Vertical force Fs = 151.00 kN 

Horizontal force Fv = 121.00 kN 

Location a1 = 0.50 m 

Depth v = 0.00 m 
 

Forces due to transition slab 

Vertical force Fs = 0.00 kN 

Horizontal force Fv = 0.00 kN 

Location a2 = 0.00 m 

 

Geological profile and assigned soils 
 

No. 
Layer 

Assigned soil Pattern 
[m] 

1 1.20 Gravelly silt (MG), consistency firm 

 

2 1.60 Silty sand (SM) 

 

3 4.20 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

4 2.80 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

5 - Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 
 

Foundation 

Type of foundation : pile foundation 

Unit weight  = 25.13 kN/m3 

Geometry 

Length l = 3.00 m 

Offset d = 0.50 m 
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Diameter x = 0.05 m 
 

Terrain profile 

Terrain behind the structure is flat. 

  

Water influence 

GWT behind the structure lies at a depth of 3.30 m 

GWT in front of the structure lies at a depth of 0.00 m 

Subgrade at the heel is not permeable. 

Uplift in foot. bottom due to different pressures is not considered. 

Input surface surcharges 
 

No. 
Surcharge 

Action 
Mag.1 Mag.2 Ord.x Length Depth 

new change [kN/m2] [kN/m2] x [m] l [m] z [m] 

1 YES  permanent 20.00    on terrain 
 

No. Name 

1 Assume Moving Traffic Loads 

 

Resistance on front face of the structure 

Resistance on front face of the structure: passive 

Soil on front face of the structure - Gravelly silt (MG), consistency firm 

Angle of friction struc.-soil  = 35.00 ° 

Soil thickness in front of structure h = 1.50 m 

Soil slope in front of structure  = -35.00 ° 
 

Settings of the stage of construction 

Design situation : permanent 

The wall is free to move. Active earth pressure is therefore assumed. 

  

Verification No. 1  

Forces acting on construction 
 

Name Fhor App.Pt. Fvert App.Pt. Design 

 [kN/m] z [m] [kN/m] x [m] coefficient 

Weight - wall 0.00 -0.85 53.75 0.63 1.000 

FF resistance -25.39 -0.68 -17.78 0.00 1.000 

Weight - earth wedge 0.00 -0.88 3.82 1.17 1.000 

Active pressure 6.49 -0.60 5.20 1.37 1.000 

Water pressure -19.87 -0.70 0.00 1.00 1.000 

Uplift pressure 0.00 -2.10 0.00 1.00 1.000 

Assume Moving Traffic Loads 9.93 -0.81 9.96 1.25 1.000 
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Name Fhor App.Pt. Fvert App.Pt. Design 

 [kN/m] z [m] [kN/m] x [m] coefficient 

Bridge reactions -12.35 -1.60 15.41 0.50 1.000 

Appr. plate react. 0.00 -2.10 0.00 1.00 1.000 

 

Abutment check 

Verification for slip has not been performed. 

 

Check for overturning stability 

Resisting moment Mres = 48.82 kNm/m 

Overturning moment Movr = -36.99 kNm/m 

 

 

Safety factor = 1000.00 > 1.50  

Wall for overturning is SATISFACTORY 

 

Overall check - ABUTMENT is SATISFACTORY 

  

Bearing capacity of foundation soil 

Design load acting at the pile head 

No. 
Moment Norm. force Shear Force Eccentricity Stress 

[kNm/m] [kN/m] [kN/m] [–] [kPa] 

1 -78.74 63.84 -37.36 0.000 41.46 
 

Service load acting at the pile head 

No. 
Moment Norm. force Shear Force 

[kNm/m] [kN/m] [kN/m] 

1 -78.74 63.84 -37.36 

 

Design load acting at the pile head 

No. 
Moment Norm. force Shear Force Eccentricity Stress 

[kNm/m] [kN/m] [kN/m] [–] [kPa] 

1 -78.74 63.84 -37.36 0.000 41.46 
 

Service load acting at the pile head 

No. 
Moment Norm. force Shear Force 

[kNm/m] [kN/m] [kN/m] 

1 -78.74 63.84 -37.36 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 379 | 708 

Version 2.0 

Dimensioning No. 1  

Forces acting on construction 
 

Name Fhor App.Pt. Fvert App.Pt. Design 

 [kN/m] z [m] [kN/m] x [m] coefficient 

Weight - wall 0.00 -0.26 8.75 0.68 1.000 

Active pressure 0.00 -0.60 0.00 1.00 1.000 

Water pressure -1.62 -0.20 0.00 1.00 1.000 

Uplift pressure 0.00 -0.60 0.00 1.00 1.000 

Assume Moving Traffic Loads 0.21 -0.10 1.13 1.00 1.000 

Bridge reactions -12.35 -0.10 15.41 0.50 1.000 

Appr. plate react. 0.00 -0.60 0.00 1.00 1.000 
 

Dimensioning in construction joint 0.10 m below closure wall - input data: 

Construction joint is designed from steel-reinforced concrete; design width 1m. 

  

Bar diameter = 28.0 mm 

Number of bars = 10  

Reinforcement cover = 30.0 mm 
 

 

Internal forces : M = -3.66 kNm/m; N = -25.28 kN/m; V = -13.76 kN/m 

Cross-section depth h = 1.00 m 

  

Dimensioning in construction joint 0.10 m below closure wall - results: 
 

Reinforcement ratio  = 0.62 % > 0.16 % = min 

Position of neutral axis kud = 0.86 m      

Ultimate shear force Vu = 429.13 kN/m > 13.76 kN/m = V 

Ultimate compressive force Nu = 11586.29 kN/m > 25.28 kN/m = N 

Ultimate moment Muo = -1679.06 kNm/m > -3.66 kNm/m = M 

 

Cross-section is SATISFACTORY. 

  

Slope stability analysis 

Input data 

Project 

Settings 

(input for current task) 

Materials and standards 
 

SNiP - input coefficients according to SNIP standards 
 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 380 | 708 

Version 2.0 

Coefficients according to SNiP 

Combination coefficient : k = 1.00 [–] 

Coefficient of action conditions : c = 0.90 [–] 

Coefficient of importance of structure : n = 1.10 [–] 

 

Stability analysis 
 

Earthquake analysis : Standard 

Verification methodology : Safety factors (ASD) 
 

Safety factors 

Permanent design situation 

Safety factor : SFs = 1.50 [–] 

 

Interface 
 

No. Interface location 
Coordinates of interface points [m] 

x z x z x z 

1 

 

0.00 2.80 0.00 2.30 0.00 1.60 

10.00 1.60 
    

      

2 

 

-10.00 0.70 -3.14 0.70 -1.86 1.60 

-1.00 2.20 -1.00 2.30 -0.50 2.30 

-0.50 2.80 0.00 2.80 10.00 2.80 

      

3 

 

-3.14 0.70 -1.00 0.70 -1.00 1.30 

-1.00 2.20 
    

      

4 

 

0.00 1.60 0.00 1.30 0.50 1.30 
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No. Interface location 
Coordinates of interface points [m] 

x z x z x z 

5 

 

-10.00 -4.10 -4.14 0.00 -0.95 0.00 

-0.95 0.70 -0.45 0.70 0.50 0.70 

0.50 1.30 10.00 1.30 
  

      

6 

 

-1.00 0.70 -0.95 0.70   

      

7 

 

-0.95 0.00 -0.95 -2.30 -0.45 -2.30 

-0.45 0.00 -0.45 0.70 
  

      

8 

 

-0.45 0.00 10.00 0.00   

      

9 

 

-10.00 -4.20 10.00 -4.20   

      

10 

 

-10.00 -7.00 10.00 -7.00   

      

 

Soil parameters - effective stress state 
 

No. Name Pattern 
ef cef  

[°] [kPa] [kN/m3] 

1 Gravelly silt (MG), consistency firm 

 

29.00 8.00 19.00 
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No. Name Pattern 
ef cef  

[°] [kPa] [kN/m3] 

2 Silty sand (SM) 

 

29.00 5.00 20.00 

3 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

24.50 26.00 21.00 

4 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

34.00 24.00 18.00 

 

Soil parameters - uplift 
 

No. Name Pattern 
sat s n 

[kN/m3] [kN/m3] [–] 

1 Gravelly silt (MG), consistency firm 

 

19.00   

2 Silty sand (SM) 

 

20.00   

3 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

21.00   

4 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

18.00   

 

Soil parameters 
 

Gravelly silt (MG), consistency firm 

Unit weight :  = 19.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 8.00 kPa  

Saturated unit weight : sat = 19.00 kN/m3  

  

Silty sand (SM) 

Unit weight :  = 20.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 5.00 kPa  
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Saturated unit weight : sat = 20.00 kN/m3  

  

Sandy clay (CS), consistency very stiff Sr > 0.8 

Unit weight :  = 21.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 24.50 °  

Cohesion of soil : cef = 26.00 kPa  

Saturated unit weight : sat = 21.00 kN/m3  

  

Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

Unit weight :  = 18.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 34.00 °  

Cohesion of soil : cef = 24.00 kPa  

Saturated unit weight : sat = 18.00 kN/m3  

  

Rigid bodies 
 

No. Name Sample 

 

[kN/m3] 

1 Wall material 

 

23.56 

2 Pile 

 

25.13 

 

Assigning and surfaces 
 

No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

1 

 

0.00 2.80 0.00 2.30 
Gravelly silt (MG), 
consistency firm 0.00 1.60 10.00 1.60 

10.00 2.80   

 

    



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 384 | 708 

Version 2.0 

No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

2 

 

10.00 1.30 10.00 1.60 

Silty sand (SM) 
0.00 1.60 0.00 1.30 

0.50 1.30   

 
    

3 

 

-0.95 0.70 -0.45 0.70 

Wall material 
0.50 0.70 0.50 1.30 

0.00 1.30 0.00 1.60 

 

0.00 2.30 0.00 2.80 

-0.50 2.80 -0.50 2.30 

-1.00 2.30 -1.00 2.20 

-1.00 1.30 -1.00 0.70 

    

4 

 

-1.00 0.70 -1.00 1.30 
Gravelly silt (MG), 
consistency firm -1.00 2.20 -1.86 1.60 

-3.14 0.70   

 
    

5 

 

10.00 0.00 10.00 1.30 

Silty sand (SM) 
0.50 1.30 0.50 0.70 

-0.45 0.70 -0.45 0.00 
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No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

6 

 

-0.95 -2.30 -0.45 -2.30 

Pile 
-0.45 0.00 -0.45 0.70 

-0.95 0.70 -0.95 0.00 

 
    

7 

 

-1.00 0.70 -3.14 0.70 
Sandy clay (CS), 
consistency very stiff Sr > 0.8 -10.00 0.70 -10.00 -4.10 

-4.14 0.00 -0.95 0.00 

 

-0.95 0.70   

    

8 

 

10.00 -4.20 10.00 0.00 
Sandy clay (CS), 
consistency very stiff Sr > 0.8 -0.45 0.00 -0.45 -2.30 

-0.95 -2.30 -0.95 0.00 

 

-4.14 0.00 -10.00 -4.10 

-10.00 -4.20   

    

9 

 

10.00 -7.00 10.00 -4.20 
Low plasticity silt (ML,MI), 
consistency very stiff Sr > 0.8 -10.00 -4.20 -10.00 -7.00 
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No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

10 

 

-10.00 -7.00 -10.00 -12.00 
Low plasticity silt (ML,MI), 
consistency very stiff Sr > 0.8 10.00 -12.00 10.00 -7.00 

    

 

    

 

Surcharge 
 

No. Type Type of action 
Location Origin Length Width Slope Magnitude 

z [m] x [m] l [m] b [m]  [°] q, q1, f, F q2 unit 

1 line permanent z = 2.30 x = -0.50   -38.71 17.92  kN/m 

2 strip permanent on terrain x = 0.00 l = 10.00  0.00 20.00  kN/m2 

 

Surcharges 
 

No. Name 

1 Bridge 

2 Assume Moving Traffic Loads 

 

Water 
 

Water type : GWT 
 

No. GWT location 
Coordinates of GWT points [m] 

x z x z x z 

1 

 

-10.00 2.80 -0.50 2.80 -0.45 -0.50 

10.00 -0.50 
    

      

 
 

Settings of the stage of construction 
 

Design situation : permanent 
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Results (Stage of construction 1) 

Analysis 1 

Circular slip surface 
 

Slip surface parameters 

Center : 
x = -2.30 [m] 

Angles : 
1 = -56.00 [°] 

z = 4.81 [m] 2 = 74.13 [°] 

Radius : R = 7.35 [m]  

The slip surface after optimization. 
 

Slope stability verification (Bishop) 

Sum of active forces : Fa = 134.59 kN/m 

Sum of passive forces : Fp = 759.23 kN/m 

 Sliding moment : Ma = 989.23 kNm/m 

Resisting moment : Mp = 5580.32 kNm/m 

Factor of safety = 5.64 > 1.50  

Slope stability ACCEPTABLE 
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11.1.2.3 SERVICES BRIDGE COSTINGS 

Table 124: Services Bridge Costings 

Abutment Costings           

Item Description  Type Amount Unit Rate  Total ($) 

ITEM TITLE           

            

Formwork [Body: (2xSides)] Materials 
 

4.3 
 

m2 $20.00 86 

Formwork (Front) Materials 3.78 m2 $20.00 75 

Formwork (Back) Materials 4.68 m2 $20.00 93 

Scaffold Hire x 2 Materials 12 Weeks $1,422.22 17,066 

Reinforcement Materials 21 m $14.00 294 

Concrete Materials 3.78 m3 $330.00 1,247 

            

Labourers Personnel 600 Hours $51.00 30,600 

Machine Operators Personnel 20 Hours $62.50 1,250 

            

Auger Heavy Machinery Machinery 10 Days $1,000 10,000 

Front Loader Machinery 15 Days $260 3,900 

Compactor (Heavy) Machinery 15 Days $115 1,725 

            

SUBTOTAL         $66,338.24 

Number of Abutments         2 

Allow Preliminaries       10% $6,633.82 

Contingencies       10% $6,633.82 

GST       10% $6,633.82 

TOTAL         $152,577.95 
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11.1.3 BRIDGE ABUTMENT  

11.1.3.1 CALCULATIONS TO ACCOUNT FOR WORST CASE OF AN ABUTMENT 

DESIGN 

 

Provided below are steps undertaken to design an abutment structure for the bridge along 

River Torrens. The process ensures the designed abutment to withstand against lateral 

stresses of the embanked soil. Also, in each steps, are an example of each layer/ section 

followed by Ms Excel to entail on efficient design of the remaining calculations. Subsequently, 

the purpose of the step-by-step calculations are to provide understanding towards the use of 

Geo5 computational analysis (Refer to Appendix of Computer Analysis for in-detail 

procedures and results). However, the process to design the abutment had been verified with 

supervisors Mark Ellis, Rajibul Karim and colleagues of E8 Department in order to properly 

align with other departmental detailed designs. 

 

11.1.3.2 PARAMETERS 

For structural capacities of the abutment bridge are designed for 100 years which are in 

accordance with AS5100.5. Therefore, below are the governing parameters: 

 

 Density of Concrete, 𝛾𝑐 = 25 𝑘𝑁/𝑚3 

 

 Compressive Strength of Concrete, 𝑓′
𝑐
= 40 𝑀𝑃𝑎 

 

 Surcharge, qo = Driveway/ Carpark Loading + Tunnel Distributed Loads – AS4678 

= 5 kPa + 15 kPa 

   = 20 kPa 

 

11.1.3.3 DETAILED HAND-CALCULATIONS FOR ABUTMENT 

11.1.3.3.1 DESTABILISING 
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Figure 158: Destabilizing Earth Section 

 

 

Figure 159: Vertical Stress Diagram 
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Example for Layer 1, vertical stresses, 𝝈′𝒗: 

qo = 20 kPa 

Layer 1 = 20 + (1z1) 

  = 20 + (18 x 1.2) 

  = 41.60 kPa     

 

Table 125: Vertical Stresses 

 

 

Figure 160: Horizontal Stress Diagram 

Example for Layer 1 TOP, horizontal stresses, 𝝈′𝑯: 

𝜎′𝑣 = qo = 20 kPa 

Surcharge Desnsity of W Density, y Depth, z y.z
Total

20 18 1.2 21.6 41.60

20 1.6 32 73.60

21 0.5 10.5 84.10

9.81 11.19 0.2 2.238 86.34

Vertical Stresses,

Layer 1

Layer 2

Layer 3

Layer WT

𝝈′𝒗

 𝝈′𝑯 
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𝑘𝑎 =
1−sin (24)

1+sin (24)
= 0.42  

𝐶𝑎𝑠𝑒 2: 𝑓𝑜𝑟 𝑐′ ≠ 0 

     ∴ 𝜎′𝐻 = 𝑘𝑎. 𝜎′𝑣 − 2. 𝑐′. √𝑘𝑎 

Hence, 

𝜎′𝐻 = 0.42 × 20 − 2 × 2 × √0.42 = 5.81 𝑘𝑃𝑎 

 

 

Table 126: Horizontal Stresses 

 

 

Example of Section 1 (Rectangular) for Moment, 𝑴𝒐: 

𝜎′𝐻 = 5.81 𝑘𝑃𝑎  

𝐹𝑜𝑟𝑐𝑒 = 5.81𝑘𝑃𝑎 × 1.2𝑚 = 6.97𝑘𝑁  

𝐿𝑒𝑣𝑒𝑟 𝐴𝑟𝑚 (𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 1) =
1.2

2
+ (1.6 + 0.5 + 0.2) = 2.90𝑚  

𝑀𝑜 = 𝐹𝑜𝑟𝑐𝑒 × 𝐿𝑒𝑣𝑒𝑟 𝐴𝑟𝑚 = 6.97𝑘𝑁 × 2.90𝑚 = 20.22𝑘𝑁𝑚 

24 0.42 20 2

24 0.42 41.6 2

38 0.24 41.6 7

38 0.24 73.6 7

35 0.27 73.6 3

35 0.27 84.1 3

35 0.27 84.1 3

35 0.27 86.34 3

19.59

19.59

20.19

Layer 2

Layer 3

Layer WT

Layer WT

Total

5.81

14.88

3.13

10.81

16.75

Horizontal Stresses,

Layer 1

Layer 2

Layer 3

Layer WT

Ka c'

𝝈′𝑯

𝝈′𝒗  𝝈′𝑯 

𝐾𝑎 =
1 − sin 

1 + sin 
 𝜎′𝐻 = 𝐾𝑎. 𝜎′𝑣 − 2. 𝑐′. √𝐾𝑎 
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Table 127: Sum of Overturning Moments, Mo 

 

 

 

5.81 6.97 2.3 2.9

14.88 0.7 2.3 2.7

3.13 5.01 0.7 1.5

10.81 6.14 0.7 1.23

16.75 8.38 0.2 0.45

19.59 0.71 0.2 0.37

19.59 3.92 0.2 0.1

20.19 0.06 0.2 0.07

31.88 41.61

0.26

0.39

Layer 3

Layer WT

Layer WT
0

7.58

3.77

Layer WT

Layer 2

1.88

7.51

2 REC

Layer 3

20.22

Section(s) Moment (kNm)

1 REC

Lever arm (m)Force (kN)

Calculations for Destabilising, Pa (Active Earth Pressure)

 𝑀𝑜 = 𝐹 =
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11.1.3.3.2 STABILISING 

 

Figure 161: Stabilizing Concrete and Earth Sections 

Example for Section 1 (Rectangular), Moment, 𝑴𝑹: 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒, 𝛾𝐶 = 25 𝑘𝑁/𝑚3  

𝐹𝑜𝑟𝑐𝑒 = 25 𝑘𝑁/𝑚3 × 2.4𝑚 = 60𝑘𝑁  

𝐿𝑒𝑣𝑒𝑟 𝐴𝑟𝑚 (𝑐𝑒𝑛𝑡𝑟𝑜𝑖𝑑 𝑜𝑓 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 1) =
1𝑚

2
= 0.50𝑚  

𝑀𝑅 = 𝐹𝑜𝑟𝑐𝑒 × 𝐿𝑒𝑣𝑒𝑟 𝐴𝑟𝑚 = 60𝑘𝑁 × 0.50𝑚 = 30𝑘𝑁𝑚 
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   Table 128: Sum of Resisting Moment, MR 

 

 

11.1.3.3.3 OVERTURNING CONDITIONS 

 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑆𝑎𝑓𝑒𝑡𝑦 𝐴𝑔𝑎𝑖𝑛𝑠𝑡 𝑶𝒗𝒆𝒓𝒕𝒖𝒓𝒏𝒊𝒏𝒈, 𝐹𝑜 =
𝑀𝑅

𝑀𝑜
=

199.98

41.62
= 4.8 > 2.5 ∴ 𝑂𝐾! 

 

∙ 𝛿 =
2.  ′

3
=

2 × 35

3
= 23.33 (𝑐𝑎𝑠𝑡 𝑖𝑛 − 𝑠𝑖𝑡𝑢) 

𝑆𝑡𝑎𝑏𝑖𝑙𝑖𝑠𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 𝑎𝑡 𝑡ℎ𝑒 𝐵𝑎𝑠𝑒, 𝑇 =  𝐹𝑣 . 𝑡𝑎𝑛𝛿 = 227.85 × tan(23.33) = 979.24 𝑘𝑁 

 

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑆𝑎𝑓𝑒𝑡𝑦 𝐴𝑔𝑎𝑖𝑛𝑠𝑡 𝑺𝒍𝒊𝒅𝒊𝒏𝒈, 𝐹𝑠 =
𝑇

∑𝐹 
=

979.24

31.88
= 30.72 > 1.5 ∴ 𝑂𝐾! 

11.1.3.3.4 MAXIMUM BEARING PRESSURES 

 

25 60 1 0.5

25 72.5 1 1.5

25 37.5 2.5 1.25

Surcharge

20 30 0.5 0.25

18 10.8 0.5 0.25

20 16 0.5 0.25

21 1.05 0.1 0.05

31.88 199.88

Calculations for Stabilising, Wd (Opposing Structure)

Section(s) Force (kN) Lever arm (m) Moment (kNm)

1 REC 

WALL 30

2 REC 

WALL 108.75

3 REC 

WALL 46.88

4 REC 

SOIL 7.5

7 REC 

SOIL 0.05

5 REC 

SOIL 2.7

6 REC 

SOIL 4

 𝑀𝑅 = 𝐹 =

𝛾(𝑐𝑜𝑛𝑐)

𝛾(𝑠𝑜𝑖𝑙)
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Since the abutment design includes 900mm cast in-situ pile, hence, assumption are made that 

the bearing pressure of vertical loads from the self-weight of the abutment (Rv=∑𝐹𝑣) lies 

outside the middle third as shown on Figure 162 of the abutment base (Karim, R, 2017). 

Therefore, the following formula from CL8.5.2 of bearing pressures (Smith, I 2014) will be 

adopted: 

 

 
Figure 162: Vertical Loads Acting Outside the Middle Third 

 

𝑞𝑚𝑎𝑥. =
2

3
.
𝑅𝑣

𝑥
=

2

3
×

277.85

3
= 217.62 𝑘𝑃𝑎 

 

11.1.3.3.5 ULTIMATE BEARING PRESSURES 

 

The ultimate bearing capacity, qu uses simplified version of strip footing (Terzaghi, 1943) may 

be calculated from: 

 

qu = c'.Nc + zNq + 0.5.B.N 

 

As the abutment base are between layer 3 and to calculate ‘qu’, adopted soil parameters are 

', c’ & '. And the design values of dimensionless factors used are: 

 

' = 35 = 0.611 rad ; c’ = 3 kPa ; z = 3.5 m & ' = 21-9.81 = 11.19 kPa 
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— Bearing resistance: 

 

Nq = 57.8 

Nc = 41.4 

N= 42.4 

 

 

— Hence, ultimate bearing capacity, qu: 

 

qu = (3 x 41.4) + (11.19 x 3.5 x 57.8) + (0.5 x 11.19 x 2.5 x 42.4) 

          = 2981 kPa > 217.62 kPa (𝑞𝑚𝑎𝑥.) ∴ 𝑂𝐾 

 

 

Check for Factor of Safety, F.O.S for Bearing Capacity at Abutment Base: 𝒒𝒖 ≥ 𝒒𝒎𝒂𝒙. 

 

𝐹. 𝑂. 𝑆 =
𝑞𝑢

𝑞𝑚𝑎𝑥.
=

2981

217.62
= 13.7 > 2.5 ∴ 𝑂𝐾! 

11.1.3.4 ABUTMENT COMPUTATIONAL ANALYSIS PROCEDURES 

GEO5 was used to create suitable geometrical sections for the abutment bridge. Undertaken 

steps were stages of software design for a completed result of the abutment design.  The 

software was user-friendly as it was simple to use and also illustrates clear and concise 

analysis results.  

Bearing Capacity Coefficients 

(Terzaghi, 1943) 
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Figure 163: Elevation View of Abutment 

 

The box highlighted in red shown on the above Figure 163 are one out of the four templates 

used to design the geometry elevation. Also, highlighted in blue are the geometry inputs 

needed to specifically detail the abutment. 

 

 

Figure 164: Plan View of Abutment  
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Second geometry section in a plan view shows the width of the abutment. Illustrating a bridge 

beam seating on the 9.8 m width and 1.0 m of the bearing seat area. 

  

Figure 165: Modification of Soil Parameters 

The highlighted portion shown are soil layering parameter inputs.  

 

Figure 166: Soil Parameter Library 

 

Each soil layering parameters were accurately input from the library of classification of soils. 

These are efficient and accurate measures for further analysis on soil stresses. 
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Figure 167: Soil Profiling Inputs 

 

Soil profiling section are a specification of different soil thicknesses, soil characteristics and 

hatch-graphics to illustrate different soil layering details.  

 

Figure 168: Foundation Pile Inputs 
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Section for a foundation design includes length of pile to be 10 m and diameter to be 0.9 m. 

Refer to Drawing 0002-GE-2017 for detailed abutment. Also, this additional feature will 

stabilize both bridge and abutment structure in proper place.  

 

Figure 169: Bridge Loads Input 

 

Bridge beam loads acted on the abutment bearing seat were provided by the Structural 

Department and these were simulated onto GEO5 to carry on further analysis on the 

abutment structure. 

 

 

Figure 170: Surcharge Input 
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Surcharge loads acted on the embanked soil sits at the back of the abutment. Refer to 

appendix. C under Parameters section for details to surcharge calculations.  

 

Figure 171: Abutment Structural Checks 

 

The inputs highlighted were for coverings, locations reinforcement and concrete capacities 

inputs which are flexible to adjust to create the abutment design. 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 403 | 708 

Version 2.0 

 

Figure 172: Check for Overturning 

 

Under verification checks, results showed safety factor for overturning to be assured as a 

safe structure. Refer to Appendix. C Parameters for detailed surcharge calculations.  

 

Figure 173: Check for Slope Stability Vertication 
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For this section, it satisfied slope stability factor of safety = 31.23 > 1.50 which are 

acceptable.  As a result the abutment structure with moving traffic loads would be safe. 

 

11.1.3.5 GEO5 ABUTMENT/BRIDGE COMPUTER ANALYSIS DETAILED DESIGN 

 

Abutment verification 

Input data 

Project 
 

Date : 5/19/2017 

Unit weight of water is considered : 9,81 kN/m3 
 

Settings 

(input for current task) 

Materials and standards 
 

Abutment : AS 3600-2001 

AASHTO - reduce parameters of friction soil/soil by 2/3  

SNiP - input coefficients according to SNIP standards 
 

Coefficients according to SNiP 

Combination coefficient : k = 1.00 [–] 

Coefficient of action conditions : c = 0.90 [–] 

Coefficient of importance of structure : n = 1.10 [–] 

 

Wall analysis 
 

Active earth pressure calculation : Coulomb  

Passive earth pressure calculation : Caquot-Kerisel 

Earthquake analysis : Mononobe-Okabe 

Shape of earth wedge : Calculate as skew 

Allowable eccentricity : 0.333 

Verification methodology : Safety factors (ASD) 
 

Safety factors 

Permanent design situation 

Safety factor for overturning : SFo = 1.50 [–] 

Safety factor for sliding resistance : SFs = 1.50 [–] 

Safety factor for bearing capacity : SFb = 1.50 [–] 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 405 | 708 

Version 2.0 

Geometry of structure 
 

No. 
Coordinate Depth 

X [m] Z [m] 

1 0.00 0.00 

2 0.00 0.50 

3 0.00 2.90 

4 0.50 2.90 

5 0.50 3.50 

6 -2.00 3.50 

7 -2.00 2.90 

8 -2.00 0.50 

9 -1.00 0.50 

10 -1.00 0.00 
 

The origin [0,0] is located at the most upper right point of the wall. 

Wall section area = 6.80 m2. 

  

Length of bridge abutment = 9.80 m 

Length of abutment foundation = 10.80 m 
 

Extension of soil behind abutment = 9.00 m. 

Material of structure 

Unit weight  = 25.00 kN/m3 

Analysis of concrete structures carried out according to the standard AS 3600-2001. 

 

Concrete : C 40 

Compressive strength fc = 40.00 MPa 

Tensile strength fctm = 3.79 MPa 

 

Longitudinal steel : D 500 N 

Tensile strength fsy = 500.00 MPa 

 

Soil parameters 
 

Gravelly silt (MG), consistency firm 

Unit weight :  = 19.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 8.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  
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Saturated unit weight : sat = 19.00 kN/m3  

  

Silty sand (SM) 

Unit weight :  = 20.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 5.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  

Saturated unit weight : sat = 20.00 kN/m3  

  

Sandy clay (CS), consistency very stiff Sr > 0.8 

Unit weight :  = 21.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 24.50 °  

Cohesion of soil : cef = 26.00 kPa  

Angle of friction struc.-soil :  = 19.30 °  

Soil : cohesionless  

Saturated unit weight : sat = 21.00 kN/m3  

  

Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

Unit weight :  = 18.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 34.00 °  

Cohesion of soil : cef = 24.00 kPa  

Angle of friction struc.-soil :  = 22.67 °  

Soil : cohesionless  

Saturated unit weight : sat = 18.00 kN/m3  

  

Load case, bridge load 

Name : traffic loads. 

Type of load case : service state. 

Forces generated by bridge 

Vertical force Fs = 4946.00 kN 

Horizontal force Fv = 121.00 kN 

Location a1 = 0.50 m 

Depth v = 0.00 m 
 

Forces due to transition slab 

Vertical force Fs = 0.00 kN 
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Horizontal force Fv = 0.00 kN 

Location a2 = 0.00 m 

 

Geological profile and assigned soils 
 

No. 
Layer 

Assigned soil Pattern 
[m] 

1 1.20 Gravelly silt (MG), consistency firm 

 

2 1.60 Silty sand (SM) 

 

3 4.20 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

4 2.80 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

5 - Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 
 

Foundation 

Type of foundation : pile foundation 

Unit weight  = 25.13 kN/m3 

Geometry 

Length l = 10.00 m 

Offset d = 0.90 m 

Diameter x = 0.05 m 
 

Terrain profile 

Terrain behind the structure is flat. 

  

Water influence 

GWT behind the structure lies at a depth of 3.30 m 

GWT in front of the structure lies at a depth of 0.00 m 

Subgrade at the heel is not permeable. 

Uplift in foot. bottom due to different pressures is not considered. 

  

Input surface surcharges 
 

No. 
Surcharge 

Action 
Mag.1 Mag.2 Ord.x Length Depth 

new change [kN/m2] [kN/m2] x [m] l [m] z [m] 

1 YES  permanent 20.00    on terrain 
 

No. Name 

1 Assume Moving Traffic Loads 
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Resistance on front face of the structure 

Resistance on front face of the structure: passive 

Soil on front face of the structure - Gravelly silt (MG), consistency firm 

Angle of friction struc.-soil  = 35.00 ° 

Soil thickness in front of structure h = 1.50 m 

Soil slope in front of structure  = -35.00 ° 
 

Settings of the stage of construction 

Design situation : permanent 

The wall is free to move. Active earth pressure is therefore assumed. 

  

Verification No. 1  

Forces acting on construction 
 

Name Fhor App.Pt. Fvert App.Pt. Design 

 [kN/m] z [m] [kN/m] x [m] coefficient 

Weight - wall 0.00 -1.62 165.09 1.09 1.000 

FF resistance -25.39 -0.68 -17.78 0.00 1.000 

Weight - earth wedge 0.00 -0.88 3.92 2.17 1.000 

Active pressure 15.79 -1.19 15.77 2.23 1.000 

Water pressure -55.00 -1.17 0.00 2.00 1.000 

Uplift pressure 0.00 -3.50 0.00 2.00 1.000 

Assume Moving Traffic Loads 14.27 -1.45 12.83 2.20 1.000 

Bridge reactions -12.35 -3.00 504.69 0.50 1.000 

Appr. plate react. 0.00 -3.50 0.00 2.00 1.000 
 

Abutment check 

Verification for slip has not been performed. 

 

Check for overturning stability 

Resisting moment Mres = 374.00 kNm/m 

Overturning moment Movr = -73.46 kNm/m 

 

 

Safety factor = 1000.00 > 1.50  

Wall for overturning is SATISFACTORY 

 

Overall check - ABUTMENT is SATISFACTORY 

  

Bearing capacity of foundation soil 

Design load acting at the pile head 
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No. 
Moment Norm. force Shear Force Eccentricity Stress 

[kNm/m] [kN/m] [kN/m] [–] [kPa] 

1 -222.05 621.15 -56.87 0.157 361.67 
 

Service load acting at the pile head 

No. 
Moment Norm. force Shear Force 

[kNm/m] [kN/m] [kN/m] 

1 -222.05 621.15 -56.87 
 

Design load acting at the pile head 

No. 
Moment Norm. force Shear Force Eccentricity Stress 

[kNm/m] [kN/m] [kN/m] [–] [kPa] 

1 -222.05 621.15 -56.87 0.157 361.67 

 

Service load acting at the pile head 

No. 
Moment Norm. force Shear Force 

[kNm/m] [kN/m] [kN/m] 

1 -222.05 621.15 -56.87 
 

Dimensioning No. 1  

Forces acting on construction 
 

Name Fhor App.Pt. Fvert App.Pt. Design 

 [kN/m] z [m] [kN/m] x [m] coefficient 

Weight - wall 0.00 -0.26 17.50 1.36 1.000 

Active pressure 0.00 -0.60 0.00 2.00 1.000 

Water pressure -1.62 -0.20 0.00 2.00 1.000 

Uplift pressure 0.00 -0.60 0.00 2.00 1.000 

Assume Moving Traffic Loads 0.21 -0.10 1.13 2.00 1.000 

Bridge reactions -12.35 -0.10 504.69 0.50 1.000 

Appr. plate react. 0.00 -0.60 0.00 2.00 1.000 
 

Dimensioning in construction joint 0.10 m below closure wall - input data: 

Construction joint is designed from steel-reinforced concrete; design width 1m. 

  

Bar diameter = 28.0 mm 

Number of bars = 10  

Reinforcement cover = 30.0 mm 
 

 

Internal forces : M = 243.43 kNm/m; N = -523.32 kN/m; V = -13.76 kN/m 

Cross-section depth h = 2.00 m 
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Dimensioning in construction joint 0.10 m below closure wall - results: 
 

Reinforcement ratio  = 0.31 % > 0.17 % = min 

Position of neutral axis kud = 1.50 m      

Ultimate shear force Vu = 763.33 kN/m > 13.76 kN/m = V 

Ultimate compressive force Nu = 22799.24 kN/m > 523.32 kN/m = N 

Ultimate moment Muo = 10605.51 kNm/m > 243.43 kNm/m = M 

 

Cross-section is SATISFACTORY. 

  

Slope stability analysis 

Input data 

Project 

Settings 

(input for current task) 

Materials and standards 
 

SNiP - input coefficients according to SNIP standards 
 

Coefficients according to SNiP 

Combination coefficient : k = 1.00 [–] 

Coefficient of action conditions : c = 0.90 [–] 

Coefficient of importance of structure : n = 1.10 [–] 

 

Stability analysis 
 

Earthquake analysis : Standard 

Verification methodology : Safety factors (ASD) 
 

Safety factors 

Permanent design situation 

Safety factor : SFs = 1.50 [–] 

 

Interface 
 

No. Interface location 
Coordinates of interface points [m] 

x z x z x z 

1 

 

0.00 2.80 0.00 2.30 0.00 1.60 

10.50 1.60 
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No. Interface location 
Coordinates of interface points [m] 

x z x z x z 

2 

 

-10.00 -0.70 -4.14 -0.70 -3.14 0.00 

-2.00 0.80 -2.00 2.30 -1.00 2.30 

-1.00 2.80 0.00 2.80 10.50 2.80 

      

3 

 

0.00 1.60 0.00 0.00 10.50 0.00 

      

4 

 

-4.14 -0.70 -2.00 -0.70 -2.00 -0.10 

-2.00 0.80 
    

      

5 

 

0.00 0.00 0.00 -0.10 0.50 -0.10 

      

6 

 

-10.00 -4.80 -9.14 -4.20 -1.95 -4.20 

-1.95 -0.70 -1.05 -0.70 0.50 -0.70 
0.50 -0.10 10.50 -0.10 

  

      

7 

 

-2.00 -0.70 -1.95 -0.70   

      

8 

 

-1.95 -7.00 -1.95 -10.70 -1.05 -10.70 

-1.05 -7.00 -1.05 -4.20 -1.05 -0.70 
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No. Interface location 
Coordinates of interface points [m] 

x z x z x z 

9 

 

-1.05 -4.20 10.50 -4.20   

      

10 

 

-10.00 -7.00 -1.95 -7.00 -1.95 -4.20 

      

11 

 

-1.05 -7.00 10.50 -7.00   

      

 

Soil parameters - effective stress state 
 

No. Name Pattern 
ef cef  

[°] [kPa] [kN/m3] 

1 Gravelly silt (MG), consistency firm 

 

29.00 8.00 19.00 

2 Silty sand (SM) 

 

29.00 5.00 20.00 

3 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

24.50 26.00 21.00 

4 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

34.00 24.00 18.00 

 

Soil parameters - uplift 
 

No. Name Pattern 
sat s n 

[kN/m3] [kN/m3] [–] 

1 Gravelly silt (MG), consistency firm 

 

19.00   
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No. Name Pattern 
sat s n 

[kN/m3] [kN/m3] [–] 

2 Silty sand (SM) 

 

20.00   

3 Sandy clay (CS), consistency very stiff Sr > 0.8 

 

21.00   

4 Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

 

18.00   

 

Soil parameters 
 

Gravelly silt (MG), consistency firm 

Unit weight :  = 19.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 8.00 kPa  

Saturated unit weight : sat = 19.00 kN/m3  

  

Silty sand (SM) 

Unit weight :  = 20.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 29.00 °  

Cohesion of soil : cef = 5.00 kPa  

Saturated unit weight : sat = 20.00 kN/m3  

  

Sandy clay (CS), consistency very stiff Sr > 0.8 

Unit weight :  = 21.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 24.50 °  

Cohesion of soil : cef = 26.00 kPa  

Saturated unit weight : sat = 21.00 kN/m3  

  

Low plasticity silt (ML,MI), consistency very stiff Sr > 0.8 

Unit weight :  = 18.00 kN/m3  

Stress-state : effective  

Angle of internal friction : ef = 34.00 °  

Cohesion of soil : cef = 24.00 kPa  

Saturated unit weight : sat = 18.00 kN/m3  
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Rigid bodies 
 

No. Name Sample 
 

[kN/m3] 

1 Wall material 

 

23.56 

2 Pile 

 

25.13 

 

Assigning and surfaces 
 

No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

1 

 

0.00 2.80 0.00 2.30 Gravelly silt (MG), 
consistency firm 

0.00 1.60 10.50 1.60 
10.50 2.80   

 

    

2 

 

0.00 0.00 10.50 0.00 
Silty sand (SM) 

10.50 1.60 0.00 1.60 
    

 

    

3 

 

10.50 -0.10 10.50 0.00 Sandy clay (CS), 
consistency very stiff Sr > 0.8 

0.00 0.00 0.00 -0.10 
0.50 -0.10   
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No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

4 

 

-1.95 -0.70 -1.05 -0.70 
Wall material 

0.50 -0.70 0.50 -0.10 
0.00 -0.10 0.00 0.00 

 

0.00 1.60 0.00 2.30 

0.00 2.80 -1.00 2.80 

-1.00 2.30 -2.00 2.30 

-2.00 0.80 -2.00 -0.10 
-2.00 -0.70 

  

    

5 

 

-2.00 -0.70 -2.00 -0.10 Gravelly silt (MG), 
consistency firm 

-2.00 0.80 -3.14 0.00 
-4.14 -0.70   

 

    

6 

 

10.50 -4.20 10.50 -0.10 Sandy clay (CS), 
consistency very stiff Sr > 0.8 

0.50 -0.10 0.50 -0.70 
-1.05 -0.70 -1.05 -4.20 

 

    

7 

 

-2.00 -0.70 -4.14 -0.70 Sandy clay (CS), 
consistency very stiff Sr > 0.8 

-10.00 -0.70 -10.00 -4.80 
-9.14 -4.20 -1.95 -4.20 

 

-1.95 -0.70 
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No. Surface position 
Coordinates of surface points [m] Assigned 

x z x z soil 

8 

 

-1.95 -7.00 -1.95 -4.20 Low plasticity silt (ML,MI), 
consistency very stiff Sr > 0.8 

-9.14 -4.20 -10.00 -4.80 
-10.00 -7.00   

 

    

9 

 

10.50 -7.00 10.50 -4.20 Low plasticity silt (ML,MI), 
consistency very stiff Sr > 0.8 

-1.05 -4.20 -1.05 -7.00 
    

 

    

10 

 

-1.95 -7.00 -1.95 -10.70 
Pile 

-1.05 -10.70 -1.05 -7.00 
-1.05 -4.20 -1.05 -0.70 

 

-1.95 -0.70 -1.95 -4.20 

    

11 

 

-1.05 -7.00 -1.05 -10.70 Low plasticity silt (ML,MI), 
consistency very stiff Sr > 0.8 

-1.95 -10.70 -1.95 -7.00 
-10.00 -7.00 -10.00 -15.70 

 

10.50 -15.70 10.50 -7.00 

    

 

Surcharge 
 

No. Type Type of action 
Location Origin Length Width Slope Magnitude 

z [m] x [m] l [m] b [m]  [°] q, q1, f, F q2 unit 

1 line permanent z = 2.30 x = -1.50   -1.40 458.10  kN/m 

2 strip permanent on terrain x = 0.00 l = 10.50  0.00 20.00  kN/m2 
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Surcharges 
 

No. Name 

1 Bridge 

2 Assume Moving Traffic Loads 

 

Water 
 

Water type : GWT 
 

No. GWT location 
Coordinates of GWT points [m] 

x z x z x z 

1 

 

-10.00 2.80 0.50 2.80 0.55 -0.50 

10.50 -0.50 
    

      

 
 

Results (Stage 1) 

Analysis 1 (stage 1) 

Circular slip surface 
 

Slip surface parameters 

Center : 
x = -4.16 [m] 

Angles : 
1 = -45.28 [°] 

z = 3.93 [m] 2 = 80.11 [°] 

Radius : R = 6.58 [m]  

The slip surface after optimization. 
 

Slope stability verification (Bishop) 

Sum of active forces : Fa = 333.73 kN/m 

Sum of passive forces : Fp = 10423.73 kN/m 

 Sliding moment : Ma = 2195.94 kNm/m 

Resisting moment : Mp = 68588.12 kNm/m 

Factor of safety = 31.23 > 1.50  

Slope stability ACCEPTABLE 
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11.1.3.6 ABUTMENT COSTING 

Abutment Costings 

Item Description  Type Amount Unit Rate  Total ($) 

ITEM TITLE 

            

Formwork [Body: (2xSides)] 
 

Materials  
 

21 m2 $20.00 420 

Formwork (Front) Materials 52 m2 $20.00 1,040 

Formwork (Back) Materials 63 m2 $20.00 1,260 

Formwork (Base) [(3xSides)x2)] Materials 9 m2 $20.00 180 

Scaffold Hire x 2 Materials 12 Weeks $1,422.22 17,066 

Reinforcement Materials 440 m $14.00 6,160 

Concrete Materials 173 m3 $330.00 57,090 

            

Labourers Personnel 900 Hours $51.00 45,900 

Machine Operators Personnel 56 Hours $62.50 3,500 

            

Auger Heavy Machinery Machinery 14 Days $1,000 14,000 

Front Loader Machinery 20 Days $260 5,200 

Compactor (Heavy) Machinery 20 Days $115 2,300 

            

SUBTOTAL $154,116.64 

            

Allow Preliminaries       10% $15,411.66 

Contingencies       10% $15,411.66 

GST       10% $15,411.66 

TOTAL $200,351.63 

 

11.1.4 SHEET PILE  

11.1.4.1 DESIGN PROCESS 

Serval assumptions where required to be made in the designing phase of this sheet pile 

design. These assumptions occurred as a consequent to having a limited number of supplied 

bore logs.  Where it had also been noted that the supplied bore logs could be located within 

the same 80 m radius to each other. This meant assumptions where required to be made for 
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the soil conditions north and south of these logs. Through consultation with the client it was 

then deemed acceptable to take the worst case bore log (bore log 2). By selecting this worst-

case scenario, it ensures that a reliable design will be implemented across the scope of the 

project. Some of the factors which helped evaluate which bore log had the worst parameters 

for construction related heavily to the self-unit weights, angle of friction, cohesion and the 

layer size of the soil.      

In determining the length of the required sheets, it was assumed that this design would 

behave like an anchored retaining wall, in regards to critical forces. Where the Structural 

Department plans to fix a precast concrete panel as the roof of the tunnel onto the retaining 

wall. The plan is to remove the top 750mm of the retaining wall and place a plate over the 

top cross section of the retaining wall for the concrete roof, this will behave as a prop holding 

the retaining wall apart. Notably a tie back retaining wall has an anchor which pulls the sheet 

back. However, this roof slab can be considered as doing the same, Figure 174 shows a brief 

illustration of this slab. 

 

 

Figure 174: Slab Connection 

In the method to determine the required depth of the sheet pile the first step was to 

determine the soil pressure being applied to the structure. These soil pressures proposed 

many threats of failure, in which needed to be designed against. This design ensures buckling, 

bending, insufficient passive capacity, insufficient axial capacity, overturning and rotation 
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type failures where considered. Figure 175 below shows two standard failures for unbalanced 

passive forces for an unanchored wall and an anchored wall.   

 

Figure 175: Mode of Failure 

 

Thus, to determine the desired balance of passive and active forces an analysis of the soil 

parameters for bore hole log two was conducted. Where such factors listed in  

 

 

Table 129 as φ (angle of friction) and c’ (cohesion) where they were interpreted using the Earth- 

Retaining structures code AS4678. These direct parameters came from table D4 of this of this 

code where they were chosen of the bases of comparative descriptions from the bore log to 

the soil descriptions. It’s important to note this table provides a range of values where the 

medium to most extreme where taken. This is done to ensure that the design will not fail, 

where there is a lot of unknowns due to limited bore log data.  

In developing this bore log some minor assumptions where also taken, as there were notable 

similarities between layers. Thus, these layers were then merged into 1 layers taking the 

worst-case scenario of the correlation layers.   
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Table 129: Bore Log 2 Data 

 

Once these parameters had been confirmed as correct the free earth method was used to 

analyse this propped wall design.  This method assumes that the depth of the embedment 

will have insufficient proof of fixity at the bottom connection of the wall, i.e. the base slab. 

The other assumption this method take is that rotation will occur at the location of the 

anchor, or the fixed position of the slab. Note this rotation could only become an issue during 

the construction phase of the tunnel, as this rotation will not be able to eventuate once the 

base slab is set in place. However, this check is still essential as the structure cannot move 

during construction.  Thus, this design has been made in accordance with the base slab not 

being considered as a propping agent for temporary works. Additional assumptions that also 

follow this design for an anchored (propped wall) design it that the sheeting is rigid, anchor 

doesn’t yield and the active pressure is for the full height of wall. 

From following the free earth method, a depth of 5.31m was determine by preforming a 

summation of the active and passive pressures. This means that the total length of the 

retaining wall sheet pile is required to be 14.7 m long. However, this depth does not carry a 

factor of safety (fos) bearing, which is required under the AS 4678 – 2002 Earth Retaining 

Structures code. As this work is considered as a temporary works, it only requires a factor of 

safety of 1.25. Although a fos of 1.5 has adopted to ensure that the design doesn’t fail while 

the pavement slab is being install, this buffer factor provides extra safety in the case of 

unplanned removal of material occurs, e.g. more material is removed than requested.   

Bore Log 2 Data 

Combined Depth 
(m) 

Depth 
(m) 

Layer No. cu (kPa) Φ' 
(deg) 

c' (kpa) ϒ' 
(kN/m³) 

Ka Kp 

1.3 1.3 1 75 30 5 18 0.33 3 

4.5 3.2 2 156 35 3 19 0.27 - 

7 2.5 3 180 25 5 20 0.41 - 

11 4 4 54 35.8 5 15 - 9.8 0.26 3.82 

14.5 3.5 5 300 32 1 21 - 9.8 0.31 3.25 

15.7 1.2 6 126 39.9 14 21 - 9.8 - - 

17.4 1.7 7 162 39.9 12 19 - 9.8 - - 

20.2 2.8 8 300 30 10 23 - 9.8 - - 
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By implanting this fos of 1.5 to the passive moments it then alters the depth below ground to 

7.2m, bringing the total required sheet length to a 16.55m length or approx. 16.6m length. 

This 7.2m depth ensures that some main factors of sliding and over turning cannot occur now.   

As the sheet pile is being designed as a “tie back” it requires a force of “T” (tension force) to 

be determined which stops the wall from caving. For this design the T force will be the force 

that is being compressed into the suspended slab. This force has been forwarded onto the 

Structural Department to check if the slab can tolerate it, Error! Reference source not found. b

elow provides a conceptual illustration.    

 

Figure 176: T-Force 
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The T force was determined with the original depth of 5.31m as this ensures a factor of safety 

is translated into the T member, where this was found through the summarisations of forces 

in  

 

 

Table 129.   

Results factored to a safety of 1.5;  

T= 174.8 kN 

Depth below Trench = 7.2 m 

Total Length = 16.6 m 

By determining these values, it then allowed for some key checks to be performed in regards 

to slope stability, bending, deflection and shear forces. E8 consulting finds that the most 

efficient way of testing these factors is to utilise a computer software called Geo5, through 

using this program with our given bore log data and determined values above the key results 

can be summarised in Table 130 below.    

 

Table 130: Geo5 Result- Full Design 

 

 

 

 

These values achieved have been deemed acceptable where a minor deflection of 6 mm is 

occurring in the full design, however once the base slab is installed in the tunnel this will once 

again reduce the deflection and bending values. As the deflection diagram, can be seen to 

have a max deflection several metres up from the bottom excavation, which means the 

deflection will become less once the base pavement installed for the tunnel.  

Full Design 

Case  Values  units  

Max Bending Moment  -334.4 kNm/m 

Max Shear Force 218.4 kN/m 

Max Displacement  6 mm 

Max Pressure  -244.4 kPa 
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11.1.4.2 SHEET PILE DEPTH EXAMPLE: FULL DESIGN CALCULATIONS 

First step using bore log 2 data is to calculate the corresponding Ka and Kp values. This will 

allow us to determine the active and passive pressure with a vertical stress diagram and then 

the horizontal stress diagram.  

𝐾𝑎 =
1 − 𝑠𝑖𝑛 

1 + 𝑠𝑖𝑛 
 

𝐾𝑝 =
1 + 𝑠𝑖𝑛 

1 − 𝑠𝑖𝑛 
 

Layer 1;  

𝐾𝑎 =
1 − 𝑠𝑖𝑛30

1 + 𝑠𝑖𝑛30
= .33 

Layer 2;  

𝐾𝑎 =
1 − 𝑠𝑖𝑛35

1 + 𝑠𝑖𝑛35
= .27 

Layer 3;  

𝐾𝑎 =
1 − 𝑠𝑖𝑛25

1 + 𝑠𝑖𝑛25
= .41 

Note layer 1 to 3 have no passive pressures  

Layer 4;  

𝐾𝑎 =
1 − 𝑠𝑖𝑛35.8

1 + 𝑠𝑖𝑛35.8
= .0.26 

𝐾𝑝 =
1 + 𝑠𝑖𝑛35.8

1 − 𝑠𝑖𝑛35.8
= 2.82 

Layer 4;  

𝐾𝑎 =
1 − 𝑠𝑖𝑛32

1 + 𝑠𝑖𝑛32
= .0.31 

𝐾𝑝 =
1 + 𝑠𝑖𝑛32

1 − 𝑠𝑖𝑛32
= 3.2 
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The next stage is to determine the vertical forces by multiplying the soil unit weight against 

the soil layer depth which will allow for the horizontal pressures to be calculated, this is 

otherwise known as Rankine’s theory. The results of this can be summarised in Figure 177 for 

their respective pressures.  

 

Figure 177: Vertical Stress Diagram 

Active Vertical Pressures:   

𝜎′𝑣 = 𝑑𝛾 

 “A1”;  

𝜎′𝑣 = 1.3𝑚 ×  18𝑘𝑁/𝑚³ =  23.4 𝑘𝑃𝑎 

A2”’;   

𝜎′𝑣 = (3.2𝑚 ×
19𝑘𝑁

𝑚𝟑
) + 23.4 𝑘𝑃𝑎 = 84.2 𝑘𝑃𝑎 

“A3”; 

𝜎′𝑣 = (2.5𝑚 ×
20𝑘𝑁

𝑚𝟑
) + 84.2 𝑘𝑃𝑎 = 134.2 𝑘𝑃𝑎 

“A4”;  

𝜎′𝑣 = (2.5𝑚 ×
15𝑘𝑁

𝑚𝟑
) + 134.2 𝑘𝑃𝑎 = 171.7 𝑘𝑃𝑎 

“A5”;  
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𝜎′𝑣 = (1.5𝑚 ×
5.2𝑘𝑁

𝑚𝟑
) + 171.7 𝑘𝑃𝑎 = 179.5 𝑘𝑃𝑎 

Passive Vertical Pressures:  

“P1”;  

𝜎′𝑣 = (. 15𝑚 ×
15𝑘𝑁

𝑚𝟑
) = 2.25 𝑘𝑃𝑎 

“P2”;  

𝜎′𝑣 = (1.5𝑚 ×
5.2𝑘𝑁

𝑚𝟑
) + 2,25𝑘𝑃𝑎 = 10.05 𝑘𝑃𝑎 

Note depth of retaining wall was assumed to go at least 1.65m below ground. By assuming 

this, it allowed for values for the vertical pressure of the soil to be calculated for the imbedded 

depth.  

 

The next step is to determine the Horizontal pressures by using these vertical pressures. The 

horizontal force is just multiplied either by Kp or Ka depending if it’s an active or passive 

pressure.  

 

Active Horizontal Pressures:  

𝜎′ℎ = 𝜎′𝑣 ×  𝑝 

 

“A1”;  

𝜎′ℎ = 23.4𝑘𝑃𝑎 × .33 =  7.72𝑘𝑃𝑎 

“A2”;  

𝜎′ℎ = 84.2𝑘𝑃𝑎 × .27 =  22.7𝑘𝑃𝑎 

 “A3”;  

𝜎′ℎ = 134.2𝑘𝑃𝑎 × .41 =  55.02𝑘𝑃𝑎 

“A4”;  

𝜎′ℎ = 171.7𝑘𝑃𝑎 ×  .26 =  44.6𝑘𝑃𝑎 
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“A5”;  

𝜎′ℎ = 179.5𝑘𝑃𝑎 ×  .31 =  55.6𝑘𝑃𝑎 

 

Passive Horizontal Pressures:  

𝜎′ℎ = 𝜎′𝑣 ×  𝑝 

“P1”;  

𝜎′ℎ = 2.25𝑘𝑃𝑎 ×  2.82 =  8.56𝑘𝑃𝑎 

 “P2”;  

𝜎′ℎ = 10.05𝑘𝑃𝑎 ×  3.25 =  38.4𝑘𝑃𝑎 

 

Table 131: Passive and Active Pressures 

 

 

The next stage is to determine what the Force is in each section of soil. This force is found by 

finding the area of the corresponding section, these sections are typical triangles or 

rectangles. Error! Reference source not found. below shows the number sections which c

orresponds to the values recorded in Table 132.    

 

 

Active Side 

Active Side Vertical Stress kPa Horizontal Stress kPa 

A1 23.4 7.722 

A2 84.2 22.734 

A3 134.2 55.022 

A4 171.7 44.642 

A5 179.5 55.645 

Passive Side 

Passive Side Vertical Stress kPa Horizontal Stress kPa 

P1 2.25 8.595 

P2 10.05 38.391 
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Figure 178: Section Forces 

 

Sections 1- 17 

1 

((2.35𝑚 +  2.5𝑚 +  3.2𝑚 +  1.3𝑚) +  𝑑)1.65 = 15.47 + 1.65𝑑 𝑘𝑁 

2 

7.772𝑘𝑃𝑎 ×  3.2𝑚 ×
1

2
= 5.01 𝑘𝑁  

3 

7.722𝑘𝑃𝑎 × 3.2𝑚 = 24.7 𝑘𝑁 

 

4  

1

2
× (22.734 − 7.722)𝑘𝑃𝑎 × 3.2𝑚 = 24.02 𝑘𝑁 

5 
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22.734𝑘𝑃𝑎 × 2.5𝑚 = 56.8 𝑘𝑁 

6  

1

2
× (55.022 − 22.734)𝑘𝑃𝑎 × 2.5𝑚 = 40.4 𝑘𝑁 

7 

55.022𝑘𝑃𝑎 × 2.5𝑚 = 137.5 𝑘𝑁 

8 

1

2
× (44.642 − 55.022)𝑘𝑃𝑎 × 2.5𝑚 = −12.975 𝑘𝑁 

9 

44.642𝑘𝑃𝑎 × 1.5𝑚 = 66.96 𝑘𝑁 

10 

1

2
× (55.645 − 44.642)𝑘𝑃𝑎 × 1.5𝑚 = 8.252 𝑘𝑁 

11 

55.64𝑘𝑃𝑎 × (𝑑 − 1.65)𝑚 = 55.645𝑑 − 91.81 𝑘𝑁 

12 

1

2
× (3.472 × (𝑑 − 1.65)) × (𝑑 − 1.65) = 1/2 × (3.472 × (𝑑 − 1.65)) × (𝑑 − 1.65)𝑘𝑁 

13 

1

2
× (38.391)𝑘𝑃𝑎 .15𝑚 = 7.5 𝑘𝑁 

14  

38.391𝑘𝑃𝑎 × 1.5𝑚 = 12.89 𝑘𝑁 

15  

1

2
× (38.391 − 8.595)𝑘𝑃𝑎 × 1.5𝑚 = 22.347 𝑘𝑁 

16 

38.391𝑘𝑃𝑎 × (𝑑 − 1.65)𝑚 = 38.391𝑑 × 63.36 𝑘𝑁 
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17  

1

2
× ((36.4𝑘𝑃𝑎 × 𝑑 − 60.06𝑘𝑃𝑎) × (𝑑 − 1.65))

= 1/2 × ((36.4 × 𝑑 − 60.06) × (𝑑 − 1.65) 

Table 132: Full Design Result Summary 

 

 

The next stage was to determine how long the arm distance is from “T” (tie back anchor) to 

the centre of each section of force listed 1-17.  

1  

1

2
× (11 + (𝑑 − 1.65)) − .75 = 1.9625𝑑 − 3.23𝑚 

2 

2

3
× 1.3𝑚 − .75𝑚 = 0.1167𝑚  

3 

Sections  Force (kN) Arm (m) From "T" Moment (kN-m) 

1  (9.35+d)*1.65 1.9625*d-3.238125 3.23812*d^2+24.9336*d-49.9562 

2 5.0193 0.116666667 0.6 

3 24.7104 2.15 53.1 

4 24.0192 2.683333333 64.5 

5 56.835 5 284.2 

6 40.36 5.416666667 218.6 

7 137.555 7.5 1031.7 

8 -12.975 7.916666667 -102.7 

9 66.963 9.5 636.1 

10 8.25225 9.75 80.5 

11 55.645*(d-1.65) (1/2*(d-1.65 )+ (11-.75)) 27.8225*d^2+478.547*d-865.349 

12 1/2*(3.472*(d-1.65))*(d-
1.65) 

((2/3)*(d-1.65)+(11-.75)) 1.15733*d^3+12.065*d^2-
49.2677*d+43.2453 

13 7.520625 8.7 65.4 

14 12.8925 9.5 122.5 

15 22.347 9.75 217.9 

16 38.39*(d-1.65) 1/2*(d-1.65)+(11-0.75) 19.195*d^2+330.154*d-597.012 

17 1/2*((36.4*d-60.06)*(d-
1.65)) 

(2/3)*(d-1.65)+(11-0.75) 12.1333*d^3+126.49*d^2-
516.516*d+453.378 
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1

2
× 3.2𝑚 + (1.3𝑚 − .75𝑚) = 2.15𝑚  

4  

2

3
× 3.2𝑚 + (1.3𝑚 − .75𝑚) = 2.68𝑚  

5 

1

2
× 2.5𝑚 + (4.5𝑚 − .75𝑚) = 5𝑚  

6  

2

3
× 2.5𝑚 + (4.5𝑚 − .75𝑚) = 5.42𝑚  

7 

1

2
× 2.5𝑚 + (7𝑚 − .75𝑚) = 7.5𝑚  

8 

2

3
× 2.5𝑚 + (7𝑚 − .75𝑚) = 7.9𝑚  

9 

1

2
× 1.5𝑚 + (9.5𝑚 − .75𝑚) = 9.5𝑚  

10 

2

3
× 1.5𝑚 + (9.5𝑚 − .75𝑚) = 9.75𝑚  

11 

1

2
× (𝑑 − 1.65𝑚) + (11𝑚 − .75𝑚) =

𝑑

2
+ 9.425𝑚  

 

12 

2

3
× (𝑑 − 1.65𝑚) + (11𝑚 − .75𝑚) =

2𝑑

3
+ 9.15𝑚  

13 
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2

3
× (. 15)𝑚 + (9.35𝑚 − .75𝑚) = 8.7𝑚  

14 

1

2
× 1.5𝑚 + (9.35𝑚 + .15𝑚 − .75𝑚) = 9.5𝑚  

15 

2

3
× 1.5𝑚 + (9.35𝑚 + .1𝑚5 − .75𝑚) = 9.75𝑚  

16 

1

2
× (𝑑 − 1.65𝑚) + (11𝑚 − .75𝑚) =

𝑑

2
+ 9.425  

17 

(
2

3
) × (𝑑 − 1.65𝑚) + (11𝑚 − 0.75𝑚) = (2/3) ∗ (𝑑 − 1.65𝑚) + (11𝑚 − 0.75𝑚) 

 

All these T arm distances can be seen in Table 132. The next phase was then to determine the 

moments of these section which was done by multiplying the force against the T force, the 

results of this can be seen in the same table.  

The next stage is to determine the d of the retaining wall which can be found by performing 

a summation of all the moments in terms of d. 

 𝑀𝑇 = 0 

𝑀1 + 𝑀2 + 𝑀3 + 𝑀4 + 𝑀5 + 𝑀6 + 𝑀7 + 𝑀8 + 𝑀9 + 𝑀10 + 𝑀11 + 𝑀12 − 𝑀13

− 𝑀14 − 𝑀15 − 𝑀16 − 𝑀17 = 0 

((3.23812×d^2+24.9336×d-49.9562)+(27.8225×d^2+478.547×d-

865.349)+(1.15733×d^3+12.065×d^2-49.2677×d+43.2453)+(2266.5))-

((19.195×d^2+330.154×d-597.012)+(12.1333×d^3+126.49×d^2-

516.516×d+453.378)+(405))=0 

𝑑 = 5.31𝑚 

By multiplying the positive moments by 1.5 this will give a fos of 1.5 as desired. This results in 

a new depth of 7.2m where the total length of the sheet pile would need to be approx. 16.6m    
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𝑑 = 7.2𝑚 𝑤𝑖𝑡ℎ 𝑎 𝑓𝑜𝑠 𝑜𝑓 1.5 

To determine how much force the “tie back anchor” needs to restrain, or in the main scope 

how much compressive force the slab needs to retaining a summation of the forces is 

required. 

 𝐹𝐻 = 0 

𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 + 𝐹5 + 𝐹6 + 𝐹7 + 𝐹8 + 𝐹9 + 𝐹10 + 𝐹11 + 𝐹12 − 𝐹13 − 𝐹14 − 𝐹15

− 𝐹16 − 𝐹17 − 𝑇 = 0 

Some of these force values are in terms of d the depth of the wall is required to be subbed in.  

 (((9.35+d)×1.65))+(350.74)+(55.645×(d-1.65))+(1/2×(3.472(d-1.65))×(d-

1.65)))-((42.76)+(38.39×(d-1.65))+(1/2×((36.4×d-60.06)×(d-1.65))))-T=0 

𝑇 = 174.8 𝑘𝑁 

T force has been found to be 174.8 kN which is located at .75m down from the top of the 

sheet pile. This T member also carries the fos of 1.5.  

11.1.4.3 WORK ANCHOR DESIGN EXAMPLE 

 

Figure 179: Anchor Design 
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𝑡 = 𝑐 + 6𝑤𝑡𝑎𝑛20 

𝑡 = 5 + (18 ∗ .75)𝑡𝑎𝑛20 

𝑡 = 9.91 

 

𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =  𝜋 ∗ 𝐷 ∗ 𝐿 ∗ 𝑡 

𝐿 =
174.8 𝑘𝑁

 𝜋 ∗ .300 ∗ 9.91
 

𝐿 = 18.7    ∴ 𝑇𝑜𝑜 𝐿𝑜𝑛𝑔 

 

Anchor design continued:  

 

 

 

 

 

 

 

 

𝛾 = 18 𝑘𝑁/𝑚³ 

 

𝐹𝐿 =
174.8

𝑐𝑜𝑠30
 

𝐹𝐿 = 201.84 𝑘𝑁 

 

6𝑣′ = 0.75 ∗ 18 +
𝐻

2
∗ 18 

30 Deg 
L 

T = 174.8 kN 

L*sin30=H FL = 201.8 kN 
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= 13.5 + 9 ∗ 𝐿𝑠𝑖𝑛30 

𝑡 = 5 + (13.5 + 9 ∗ 𝐿𝑠𝑖𝑛30) ∗ 𝑡𝑎𝑛20 

𝐿 =
201.8

𝑡 ∗ 𝜋 ∗ .3
 

𝐿 = ((201.84)/((5 + (13.5 + 9 ∗ 𝐿 ∗ 𝑠𝑖𝑛30) ∗ 𝑡𝑎𝑛20) ∗ 𝜋 ∗ .3) 

∴ 𝐿 = 8.8𝑚 

Thus, this provides an anchor length of 8.8m for a 300mm diameter grout 

system at 30 degrees decline.  

 

11.1.4.4 EXAMPLE NON-ANCHORED DESIGN 

This calculation is for the first 18.75m of ramp, for the 2.6m high retaining wall design.  

Kp = 3 

Ka =.33 

Unit weight = 18 kN/m³ 

Ø = 30 

 

 

The lowest part of the wall at this section is known to be of 1.17m, this design has been made 

to a 1.5 fos like every other one.  

First step is to determine the active forces, arm and moment. 

𝑓 =
1

2
× .33 × (1.117 + 𝑑) × 18 × (1.17 + 𝑑) = 2.97(𝑑 + 1.17)² 

𝐴𝑟𝑚 = 1/3 × (1.17 + 𝑑) 

𝑀𝑜𝑚𝑒𝑛𝑡 = 0.99(𝑑 + 1.17)² 

Now Passive forces, arm and moment.  

𝑓 =
1

2
× 3 × (𝑑) × 18 × (𝑑) = 27𝑑² 

1.17m  

d  
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𝐴𝑟𝑚 = 1/3 × (𝑑) 

𝑀𝑜𝑚𝑒𝑛𝑡 = 9𝑑² 

Now to determine d for fos of 1.5 

1.5 =
𝑀𝑐

𝑀𝑎𝑐
 

1.5 = (9𝑑2)/( 0.99(𝑑 + 1.17)2 

𝑑 = 1.42𝑚 

This depth means that at total length of 2.6m is required. These were also crossed check for 

bending moments with geo5, however the current section being used suggests its over 

design, but this is ok.  
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This geo5 output represents the full design sheet pile design of the tunnel, it is of a 16.6m 

length with a 9.35m maximum excavation. The design is factored to a fos of 1.5, with an 

anchor T force of 178.4 kN, DESIGN PASSES. 

This geo5 output shows the results of excavating 4m of soil without restraints for the full-

scale tunnel design. It can be clearly seen that are deflection is not an issue in this case, nor is 

bending. 

Figure 180: Full Design 
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DESIGN PASSES.   

 

This geo5 output resembles the 

results for the ramp of the tunnel for the sheet pile of a 9m length and the excavation depth 

of 4.67m, T force is equal to 50 kN (anchor force).  DESGN PASSES. 

Figure 181: Excavation to 4m 
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These next two sets of results show the deflection of the last 2 section of the sheet pile design 

along the ramp alignment. DESIGNS BOTH PASS  

Figure 183: Ramp-2nd Anchor 

Figure 182: 2nd Anchor Sheet Pile Section 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 441 | 708 

Version 2.0 

 

 

 

 

 

 

 

 

 

 

 

Due to this full design retaining wall under passing several roads, it has been checked for max 

deflection of the sheet pile for a surcharge total of 70kN/m^2, which accumulates to 7 tonnes 

per m^2. Which for this design is satisfactory as it complies with the loading along these roads.  

Figure 184: Ramp Excavation 1.17m 

Figure 185: Ramp Excavation 2.34m 
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11.1.4.5 SPACEGAS OUTPUT FOR BUCKLING  

These space gas test is the sheet pile is compatible for buckling, where it requires a value 

over 1. This result is for the Larseen 605 sheeting which fails with a .9 buclking.  

  

SPACE GASS 12.54 - UNIVERSITY OF SA - FOR TEACHING USE ONLY 

Path: F:\spacegas 

Designer: Date: Wednesday, June 07, 2017 10:24 PM Page: 1 

ANALYSIS STATUS REPORT 

Figure 186: Full Design Under 70 kN/M Surcharge 
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---------------------- 

Job name ...... spacegas 

Location ...... F:\ 

Length units ......................... m 

Section property units ............... mm 

Material strength units .............. MPa 

Mass density units ................... T/m^3 

Temperature units .................... Celsius 

Force units .......................... kN 

Moment units ......................... kNm 

Mass units ........................... T 

Acceleration units ................... g's 

Translation units .................... mm 

Stress units ......................... MPa 

Nodes ................................ 2 ( 32765) 

Members .............................. 1 ( 32765) 

Plates ............................... 0 ( 32765) 

Restrained nodes ..................... 1 ( 32765) 

Nodes with spring restraints ......... 0 ( 32765) 

Section properties ................... 1 ( 32765) 

Material properties .................. 1 ( 999) 

Constrained nodes .................... 0 ( 32765) 

Member offsets ....................... 0 ( 32765) 

Node loads ........................... 1 ( 250000) 

Prescribed node displacements ........ 0 ( 250000) 

Member concentrated loads ............ 0 ( 250000) 

Member distributed forces ............ 0 ( 250000) 

Member distributed torsions .......... 0 ( 250000) 

Thermal loads ........................ 0 ( 250000) 

Member prestress loads ............... 0 ( 250000) 

Plate pressure loads ................. 0 ( 250000) 

Self weight load cases ............... 0 ( 10000) 
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Combination load cases ............... 0 ( 10000) 

Load cases with titles ............... 1 ( 10000) 

Lumped masses ........................ 0 ( 250000) 

Spectral load cases .................. 0 ( 10000) 

Static analysis ...................... N 

Dynamic analysis ..................... N 

Response analysis .................... N 

Buckling analysis .................... Y 

Ill-conditioned ...................... 

Frontwidth ........................... 6 

Total degrees of freedom ............. 6 

Static load cases .................... 1 ( 10000) 

Mass load cases ...................... 0 ( 10000) 

NODE COORDINATES (m) 

---------------- 

X Y Z 

Node Coord Coord Coord 

1 0.000 0.000 0.000 

2 0.000 16.550 0.000 

MEMBER DATA (deg,kNm/rad,m) 

----------- (F=Fixed, R=Released) (*=Cable length) 

Dir Dir Dir Memb Node A Node B 

Memb Angle Node Axis Type Node A Node B Sect Mat Fixity Fixity Length 

1 0.00 Norm 1 2 1 1 FFFFFF FFFFFF 16.550 

NODE RESTRAINTS (kN/m,kNm/rad) 

--------------- (F=Fixed, R=Released, S=Spring, *=General) 

Rest X Axial Y Axial Z Axial X Rotation Y Rotation Z Rotation 

Node Code Stiffness Stiffness Stiffness Stiffness Stiffness Stiffness 

1 FFFFFF 

SECTION PROPERTIES (mm,mm^2,mm^4,deg) 

------------------ 

Sect Name Mark Shape Source 
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1 Section 1 S1 Top hat User 

Area of Torsion Y-Axis Z-Axis Y-Axis Z-Axis Princ 

Sect Section Constant Mom of In Mom of In Shr Area Shr Area Angle 

1 1.2276E+04 3.6930E+05 5.6739E+08 2.8213E+08 Infinite Infinite 0.00 

Sect Shape Trans Mir Rotate D Bt/Bb Btw/Bbw Tt/Tb Tw/Rr 

1 Top hat No No 0.00 435.00 301.00 0.00 0.00 9.50 

700.00 600.00 1.00 0.00 

MATERIAL PROPERTIES (MPa,T/m^3,strain/degC) 

------------------- 

Young's Poisson's Mass Coeff of Concrete 

Matl Material Name Modulus Ratio Density Expansion Strength 

1 STEEL 2.0000E+05 0.25 7.8500E+00 1.170E-05 

BUCKLING LOAD FACTORS 

--------------------- 

Load Load Node at Node at 

Case Mode Factor Tolerance Iterations Max Trans Max Rotn 

1         1         0.957       0.007812     8               2 (X)          2 (Z) 

This space gas output checks the Larseen 606N sheeting for buckling, which results in a value 

of 1.24, which is deemed acceptable.  

SPACE GASS 12.54 - UNIVERSITY OF SA - FOR TEACHING USE ONLY 

Path: F:\spacegas 

Designer: Date: Wednesday, June 07, 2017 10:28 PM Page: 1 

ANALYSIS STATUS REPORT 

---------------------- 

Job name ...... spacegas 

Location ...... F:\ 

Length units ......................... m 

Section property units ............... mm 

Material strength units .............. MPa 

Mass density units ................... T/m^3 

Temperature units .................... Celsius 

Force units .......................... kN 
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Moment units ......................... kNm 

Mass units ........................... T 

Acceleration units ................... g's 

Translation units .................... mm 

Stress units ......................... MPa 

Nodes ................................ 2 ( 32765) 

Members .............................. 1 ( 32765) 

Plates ............................... 0 ( 32765) 

Restrained nodes ..................... 1 ( 32765) 

Nodes with spring restraints ......... 0 ( 32765) 

Section properties ................... 1 ( 32765) 

Material properties .................. 1 ( 999) 

Constrained nodes .................... 0 ( 32765) 

Member offsets ....................... 0 ( 32765) 

Node loads ........................... 1 ( 250000) 

Prescribed node displacements ........ 0 ( 250000) 

Member concentrated loads ............ 0 ( 250000) 

Member distributed forces ............ 0 ( 250000) 

Member distributed torsions .......... 0 ( 250000) 

Thermal loads ........................ 0 ( 250000) 

Member prestress loads ............... 0 ( 250000) 

Plate pressure loads ................. 0 ( 250000) 

Self weight load cases ............... 0 ( 10000) 

Combination load cases ............... 0 ( 10000) 

Load cases with titles ............... 1 ( 10000) 

Lumped masses ........................ 0 ( 250000) 

Spectral load cases .................. 0 ( 10000) 

Static analysis ...................... N 

Dynamic analysis ..................... N 

Response analysis .................... N 

Buckling analysis .................... Y 

Ill-conditioned ...................... 
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Non-linear convergence ............... 

Frontwidth ........................... 6 

Total degrees of freedom ............. 6 

Static load cases .................... 1 ( 10000) 

Mass load cases ...................... 0 ( 10000) 

NODE COORDINATES (m) 

---------------- 

X Y Z 

Node Coord Coord Coord 

1 0.000 0.000 0.000 

2 0.000 16.550 0.000 

MEMBER DATA (deg,kNm/rad,m) 

----------- (F=Fixed, R=Released) (*=Cable length) 

Dir Dir Dir Memb Node A Node B 

Memb Angle Node Axis Type Node A Node B Sect Mat Fixity Fixity Length 

1 0.00 Norm 1 2 1 1 FFFFFF FFFFFF 16.550 

NODE RESTRAINTS (kN/m,kNm/rad) 

--------------- (F=Fixed, R=Released, S=Spring, *=General) 

Rest X Axial Y Axial Z Axial X Rotation Y Rotation Z Rotation 

Node Code Stiffness Stiffness Stiffness Stiffness Stiffness Stiffness 

1 FFFFFF 

SECTION PROPERTIES (mm,mm^2,mm^4,deg) 

------------------ 

Sect Name Mark Shape Source 

1 Section 1 S1 Top hat User 

Area of Torsion Y-Axis Z-Axis Y-Axis Z-Axis Princ 

Sect Section Constant Mom of In Mom of In Shr Area Shr Area Angle 

1 1.6049E+04 8.3590E+05 7.4174E+08 3.6291E+08 Infinite Infinite 0.00 

Sect Shape Trans Mir Rotate D Bt/Bb Btw/Bbw Tt/Tb Tw/Rr 

1 Top hat No No 0.00 435.00 301.00 0.00 0.00 12.50 

700.00 600.00 1.00 0.00 

MATERIAL PROPERTIES (MPa,T/m^3,strain/degC) 
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------------------- 

Young's Poisson's Mass Coeff of Concrete 

Matl Material Name Modulus Ratio Density Expansion Strength 

1 STEEL 2.0000E+05 0.25 7.8500E+00 1.170E-05 

BUCKLING LOAD FACTORS 

--------------------- 

Load Load Node at Node at 

Case Mode Factor Tolerance Iterations Max Trans Max Rotn 

1          1          1.230               0.007812        9          2 (X)        2 (Z) 
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11.1.4.6 SLOPE STABILITY 

This is a check for the slope stability using geo5 for the full design, note stability accepted.  

11.1.4.7 SHEET PILE COSTING  
Figure 187: Slope Stability of Full Design 
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Table 133: Sheet Pile Costings 

Sheet Pile Costings 

Item Description  Type Amount Unit Rate  Total 

ITEM TITLE 

            

Sheet Piles  

Materials/Install 
 

1540 m2 $11,688.00 17,999,520 

Sheet Pile Corners Materials 4 m2 $3,000.00 12,000 

Anchors Materials 220 m2 $2,000.00 440,000 

Excavation Labour/Install 1283 m2 $51.00 65,433 

Waddit Sealant Materials 1283 Per m $69.00 88,527 

           

           

            

Labourers Personnel 1800 Hours $51.00 91,800 

Machine Operators Personnel 104 Hours $62.50 6,500 

            

Auger Heavy Machinery Machinery 14 Days $1,000 14,000 

Front Loader Machinery 35 Days $260 9,100 

Excavator (Heavy) Machinery 35 Days $1,500 52,500 

            

SUBTOTAL 18,779,380 

          
 

Allow Preliminaries       10% 1,877,938 

Contingencies       10% $1,877,938 

GST       10% $1,877,938 

TOTAL $24,413,194 
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11.1.5 BASE SLAB  

11.1.5.1 MATERIAL CONDITIONS 

Method: Austroads; Structural Design of Pavement Part 2 

𝑪𝑩𝑹 % = 𝟓. 𝟎𝟎 

𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝑺𝒖𝒃𝒈𝒓𝒂𝒅𝒆 𝑺𝒕𝒓𝒆𝒏𝒈𝒕𝒉 = 𝟓. 𝟎𝟎% 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑆𝑢𝑏𝑔𝑟𝑎𝑑𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑅𝑒𝑚𝑎𝑖𝑛𝑠 𝑡ℎ𝑒 𝑆𝑎𝑚𝑒 𝐷𝑢𝑒 𝑡𝑜 𝑛𝑜 𝑆𝑢𝑏𝑏𝑎𝑠𝑒 𝐿𝑎𝑦𝑒𝑟. 

𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝑇𝑦𝑝𝑒 𝑆𝑒𝑙𝑒𝑐𝑡𝑒𝑑: 𝐽𝑜𝑖𝑛𝑡 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑑 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 (𝐽𝑅𝐶𝑃) 

𝐶𝑙𝑎𝑢𝑠𝑒 9.3.6: 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦: 90%. 

𝐿𝑜𝑎𝑑 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟: 𝐷𝑜𝑤𝑙𝑙𝑒𝑑 𝑎𝑛𝑑 𝐶𝑃 =  (1.10) 

𝐶𝑙𝑎𝑢𝑠𝑒 6.6: 𝐵𝑎𝑠𝑒 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

𝐹𝑐𝑓 = 0.75 𝑥 √𝐹𝑐 

𝐹𝑐 = 𝐷𝑒𝑠𝑖𝑔𝑛 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 

𝐹𝑐 = 40𝑀𝑃𝑎 

𝐹𝑐𝑓 = 4.75𝑀𝑃𝑎 > 4.5 𝑶𝑲𝑨𝒀. 

11.1.5.2 DESIGN TRAFFIC  

(𝑃𝑙𝑒𝑎𝑠𝑒 𝑆𝑒𝑒 𝐴𝑝𝑝𝑒𝑛𝑑𝑖𝑥 𝐶 𝐹𝑜𝑟 𝑑𝑒𝑡𝑎𝑖𝑙𝑠. ) 

𝐴𝐴𝐷𝑇 = 1000. 

𝐷𝑒𝑠𝑖𝑔𝑛 𝐸𝑆𝐴 = 2.54𝑥107 

 

11.1.5.3 FATIGUE ANALYSIS 

𝐶𝑙𝑎𝑢𝑠𝑒 9.4.2: 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 26 𝑎𝑛𝑑 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 27 

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝑙𝑜𝑎𝑑 𝑟𝑒𝑝𝑖𝑡𝑖𝑜𝑛𝑠 (𝑁𝑓)𝑝𝑒𝑟 𝑎𝑥𝑙𝑒. 

𝐿𝑜𝑔 (𝑁𝑓) = [
0.9719 − 𝑆𝑟

0.0828
]  𝑤ℎ𝑒𝑛 𝑆𝑟 > 0.55 

𝑁𝑓 = [
4.258

𝑆𝑟 − 0.4325
]
3.268

𝑤ℎ𝑒𝑛 0.45 < 𝑆𝑟 < 0.55 
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𝑆𝑟 = [
𝑆𝑒

0.944𝑥𝑓𝑐𝑓
] 𝑥 [

𝑃𝑥𝐿𝑆𝐹

4.45𝑥𝐹1
]
0.94

 

 

𝐹𝑜𝑟 𝑡ℎ𝑒 𝐷𝑒𝑠𝑖𝑔𝑛, 𝐴𝑥𝑙𝑒 𝑔𝑟𝑜𝑢𝑝𝑠 𝑎𝑟𝑒 𝑡ℎ𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔: 

 SAST Front (70kN) 

 SADT Middle (100kN) 

 SADT End (118kN) 

𝑆𝑒 = 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝑠𝑡𝑟𝑒𝑠𝑠 (𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒) 

𝑆𝑒 = 𝑎 +
𝑏

𝐷
+ 𝑐𝑙𝑛(𝐸𝑓) +

𝑑

𝐷2
+ 𝑒 ln(𝐸𝑓) 2 +

𝑓𝑙𝑛(𝐸𝑓)

𝐷
+

𝑔

𝐷3
+ ℎ ln(𝐸𝑓) 3 

+
𝑖 ln(𝐸𝑓) 2

𝐷
+ 𝑗𝑙𝑛(𝐸𝑓)/𝐷2 

Results for a, b, c, d, e, f, g, h, I, and j are given in Table 134 below, adopted from Austroads 

Guidelines, Table 9.4 and 9.5. 

Table 134 Axle Designs 
 

FATIGUE  
SAST SADT 

a -0.051 0.33 

b 26 206.5    

c 0.0899 -0.4684 

d 35774 28661 

e -0.0376 0.165 

f 14.75 2.82 

g -
861548 

-
686510 

h 0.0031 -0.0186 

i 1.3098 -1.9606 

j -4009 -2717 

 

𝐷 =  𝑇𝑟𝑖𝑎𝑙 𝐵𝑎𝑠𝑒 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠.  

𝑇𝑟𝑖𝑎𝑙 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 = 𝟐𝟑𝟎𝒎𝒎 𝐶𝑙𝑎𝑢𝑠𝑒 9.4.3 −  𝑇𝑎𝑏𝑙𝑒 9.7 
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∴ 𝑇𝑟𝑖𝑎𝑙 𝐷 = 𝟓𝟎𝟎𝒎𝒎 (𝑓𝑜𝑟 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑎𝑛𝑑 𝑆ℎ𝑒𝑒𝑡 𝑃𝑖𝑙𝑒 𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡𝑠. ) 

𝐸𝑓 = 5.00% 

𝑆𝑒 = (𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦) (𝑆𝑒𝑒 𝑇𝑎𝑏𝑙𝑒 𝐵𝑒𝑙𝑜𝑤) 

𝐹𝑐𝑓 = 4.75 

𝐿𝑆𝐹 = 1.10 

𝑃 = 𝑆𝐴𝑆𝑇 = 70𝑘𝑁 

𝐹1 = 𝑆𝐴𝑆𝑇 = 9.00 (𝐶𝑙𝑎𝑢𝑠𝑒 9.4.2) 

*Repeat for Other Two Axle Groups. 

 

𝑆𝑟 = (𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑢𝑠𝑖𝑛𝑔 𝑇𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦)  

Table 135: Fatigue Results 

Fatigue 

    

SAST (Front) SADT (Middle) SADT (End) 

  

Se 0.226 0.430 0.430 

  

Sr 0.120 0.166 0.194 

  

Nf (>0.55) - - - 

  

Nf (0.45-
0.55) 

- - - Total Damage (%) 

Damage Unlimited Unlimited Unlimited No Damage 

 

∴ 𝐴𝑠 𝑆𝑟 < 0.45, 𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑎𝑥𝑙𝑒 𝑔𝑟𝑜𝑢𝑝, 𝑇ℎ𝑖𝑠 𝐷𝑒𝑠𝑖𝑔𝑛 𝑝𝑎𝑠𝑠𝑒𝑠 𝑓𝑜𝑟 𝐹𝑎𝑡𝑖𝑔𝑢𝑒. 

11.1.5.4 EROSION ANALYSIS 

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝐿𝑜𝑎𝑑 𝑅𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠, 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑏𝑦 𝑡ℎ𝑒 𝑓𝑜𝑙𝑙𝑜𝑤𝑖𝑛𝑔 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛: 

𝐿𝑜𝑔(𝐹2𝑥𝑁𝑒) = 14.524 − 6.777 max (0, (
𝑃𝑥𝐿𝑆𝐹

4.45𝑥𝐹4
)
2

𝑥 (
10𝐹3

41.35
) − 9.0)

0.103

 

𝐿𝑆𝐹 = 1.10 

𝐹2 = 0.94, 𝑏𝑎𝑠𝑒 𝑤𝑖𝑡ℎ 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠ℎ𝑜𝑢𝑙𝑑𝑒𝑟 

𝐹3 = 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝑠𝑒𝑒 𝑏𝑒𝑙𝑜𝑤) 

𝐹4 = 𝐿𝑜𝑎𝑑 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝐹𝑎𝑐𝑡𝑜𝑟 
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𝑃 = 𝑆𝐴𝑆𝑇 = 70𝑘𝑁 

𝐹4 = 𝑆𝐴𝑆𝑇 = 9.00 (𝐶𝑙𝑎𝑢𝑠𝑒 9.4.2) 

*Repeat for Other Two Axle Groups. 

 

𝐸𝑟𝑜𝑠𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (𝐹3)

=  𝑎 +
𝑏

𝐷
+ 𝑐𝑙𝑛(𝐸𝑓) +

𝑑

𝐷2
+ 𝑒 ln(𝐸𝑓) 2 +

𝑓𝑙𝑛(𝐸𝑓)

𝐷
+

𝑔

𝐷3
+ ℎ ln(𝐸𝑓) 3 

+
𝑖 ln(𝐸𝑓) 2

𝐷
+ 𝑗𝑙𝑛(𝐸𝑓)/𝐷2 

 

Results for a, b, c, d, e, f, g, h, I, and j are given in Table 136 below, adopted from Austroads 

Guidelines, Table 9.4 and 9.5. 

 

Table 136: Erosion Coefficients 
 

Erosion  
SAST SADT 

a 0.345 0.914 

b 534.6 539.8    

c -0.1711 -0.1416 

d -44908 -44900 

e 0.0347 0.0275 

f 20.49 16.37 

g 1676710 1654590 

h -0.0038 -0.0032 

i -1.3829 -0.9584 

j -913 -765 
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Table 137: Erosion Results 

 

 

∴ 𝐴𝑠 𝑇𝑜𝑡𝑎𝑙 𝐷𝑎𝑚𝑎𝑔𝑒 < 100% , 𝑓𝑜𝑟 𝑒𝑣𝑒𝑟𝑦 𝑎𝑥𝑙𝑒 𝑔𝑟𝑜𝑢𝑝, 𝑇ℎ𝑖𝑠 𝐷𝑒𝑠𝑖𝑔𝑛 𝑝𝑎𝑠𝑠𝑒𝑠 𝑓𝑜𝑟 𝐸𝑟𝑜𝑠𝑖𝑜𝑛. 

 

11.1.5.5 REINFORCEMENT DESIGN 

𝑴𝒆𝒕𝒉𝒐𝒅: 𝑨𝑺 𝟑𝟔𝟎𝟎  

𝐶𝑜𝑣𝑒𝑟 = 50𝑚𝑚 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑡𝑒𝑒𝑙 (𝑃𝑟𝑖𝑚𝑎𝑟𝑦) 𝐴𝑠 =
0.19 (

𝐷
𝑑
)
2

𝑥 𝑓′𝑐𝑡. 𝑓

𝑓𝑠𝑦
 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑡𝑒𝑒𝑙 (𝑃𝑟𝑖𝑚𝑎𝑟𝑦)𝐴𝑠 = 1154.9𝑚𝑚2 

𝐴𝑑𝑜𝑝𝑡 5 𝐵𝑎𝑟𝑠 𝑁16, 𝑂𝑛𝑒𝑆𝑡𝑒𝑒𝑙 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝐺𝑢𝑖𝑑𝑒 

𝑆𝑝𝑎𝑐𝑖𝑛𝑔 = 190 𝐶𝑇𝑆 

 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑡𝑒𝑒𝑙 (𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦) 𝐴𝑠 = (3.5 − 2.5𝑂𝑐𝑝)𝑏𝐷𝑥10−3 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑆𝑡𝑒𝑒𝑙 (𝑆𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦)𝐴𝑠 = 1750𝑚𝑚2 

𝐴𝑑𝑜𝑝𝑡 9  𝐵𝑎𝑟𝑠 𝑁16, 𝑂𝑛𝑒𝑠𝑡𝑒𝑒𝑙 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝐺𝑢𝑖𝑑𝑒 

Erosion 

    

SAST (Front) SADT (middle) SADT (end) 

  

F3 0.225875788 0.429576174 0.429576174 

  

F4 9 18 18 

  

F2 0.94 0.94 0.94 

  

Max 
Factor 

-
8.821040892 

-8.634777331 -8.796782018 

  

log(F2Ne) 14.524 14.524 14.524 

  

Ne 2160554.379 2160554.379 2160554.379 Total Damage 
(%) 

Damage 3.378762447 3.378762447 3.378762447 10.14 
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𝑆𝑝𝑎𝑐𝑖𝑛𝑔 = 105 𝐶𝑇𝑆 
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11.1.5.6 RAPT ANALYSIS 
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11.1.5.7 BASE SLAB COSTING 

Table 138: Base Slab Costings 

Base Slab Costing 

Item Description  Type Amount Unit Rate  Total ($) 

ITEM TITLE 

            

Formwork (Front)  

Materials/Install 
 

3743 m2 $30.00 112,290 

Formwork (Back) Materials/Install 3743 m2 $30.00 112,290 

Reinforcement Primary Materials 189 m2 $2,470.00 466,830 

Reinforcement Secondary Materials 212 m2 $2,470.00 523,640 

Concrete Materials 3742 Per m $400.00 1,496,800 

            

            

Site Supervision Personnel 480 Hours $90.00 43,200 

Labourers Personnel 480 Hours $51.00 24,480 

Operators Personnel 104 Hours $62.50 6,500 

            

Concrete Pump Machinery 60 Days $2,000 120,000 

Machinery (Other) Machinery 60 Days $1,000 60,000 

            

            

SUBTOTAL $2,966,030 

            

Allow Preliminaries       10% $296,603 

Contingencies       10% $296,603 

GST       10% $296,603 

TOTAL $3,855,839 
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11.1.6 DESIGN TRAFFIC 

11.1.6.1 DESIGN TRAFFIC A: PARK ROAD 

The road is to be designed to withstand a 30-year period of exposure to damage, with a traffic 

growth rate of -0.5%. The total number of heavy vehicle Axle groups over the design period, 

will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 37500/4 

𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 18750 

 

The Direction Factor: 

Four Lanes, Two Directions. For one way direction, DF = 1.0.  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
∗ 100 

%𝐻𝑣 =
1143

(
37500

4 )
∗ 100 

%𝐻𝑣 =
1143

18750
∗ 100 

%𝐻𝑣 = 6.01 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 139: HVAG Calculation Part A 

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

572 

 

2288 

Class 10  

B-Double 

 

572 

 

1716 

Total 1144 4004 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

𝑁  𝐴𝐺 =
4004

1144
 

𝑁  𝐴𝐺 = 3.50 

 

The Lane Distribution Factor: 

 

Table 140: LDF Part A 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

Urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Highway in South Australia, 4-lane and 2-way highway, northbound lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling on the Highway, implementation of building structures and the design life 
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of the road way. The client has requested a design life of 30 years and the growth rate has 

been stated as –(0.5)% per annum.  

 

𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

-0.5% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (−0.5))30 − 1

0.01 ∗ (−0.5)
 

 

𝐶𝐺𝐹 =
−0.14

−5𝑥10−3
 

 

𝐶𝐺𝐹 = 27.92 Years 

  

The total number of heavy vehicle Axle groups over the design period: 

 

𝑁𝑑𝑡 = 365 ∗ 18750 ∗ 1.0 ∗ (
6.01

100
) ∗ 3.5 ∗ 1 ∗ 27.92 

𝑁𝑑𝑡 = 40.8𝑥106 

 

The total Design number of ESA’s, will be: 

 

𝐷𝐸𝑆𝐴 = 0.70 𝑥 (40.8𝑥106) 

𝑫𝑬𝑺𝑨 = 𝟐𝟖. 𝟓𝟓 𝒎𝒊𝒍𝒍𝒊𝒐𝒏. 
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11.1.6.2 DESIGN TRAFFIC B: MANN ROAD 

The road is to be designed to withstand a 30-year period of exposure to damage, with a traffic 

growth rate of -0.5%. The total number of heavy vehicle Axle groups over the design period, 

will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 37500/4 

𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 18750 

 

The Direction Factor: 

Four Lanes, Two Directions. For one way direction, DF = 1.0.  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
∗ 100 

%𝐻𝑣 =
1143

(
37500

4 )
∗ 100 

%𝐻𝑣 =
1143

18750
∗ 100 

%𝐻𝑣 = 6.01 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 141: HVAG Calculation Part B 

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

572 

 

2288 

Class 10  

B-Double 

 

572 

 

1716 

Total 1144 4004 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

𝑁  𝐴𝐺 =
4004

1144
 

𝑁  𝐴𝐺 = 3.50 

 

The Lane Distribution Factor: 

 

Table 142: LDF Part B 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

Urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Highway in South Australia, 4-lane and 2-way highway, northbound lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling on the Highway, implementation of building structures and the design life 
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of the road way. The client has requested a design life of 30 years and the growth rate has 

been stated as –(0.5)% per annum.  

 

𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

-0.5% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (−0.5))30 − 1

0.01 ∗ (−0.5)
 

 

𝐶𝐺𝐹 =
−0.14

−5𝑥10−3
 

 

𝐶𝐺𝐹 = 27.92 Years 

  

The total number of heavy vehicle Axle groups over the design period: 

 

𝑁𝑑𝑡 = 365 ∗ 18750 ∗ 1.0 ∗ (
6.01

100
) ∗ 3.5 ∗ 1 ∗ 27.92 

𝑁𝑑𝑡 = 40.8𝑥106 

 

The total Design number of ESA’s, will be: 

 

𝐷𝐸𝑆𝐴 = 0.70 𝑥 (40.8𝑥106) 

𝑫𝑬𝑺𝑨 = 𝟐𝟖. 𝟓𝟓 𝒎𝒊𝒍𝒍𝒊𝒐𝒏. 
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11.1.6.3 DESIGN TRAFFIC C: BUNDEYS ROAD 

The road is to be designed to withstand a 30-year period of exposure to damage, with a traffic 

growth rate of -7.9%. The total number of heavy vehicle Axle groups over the design period, 

will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 10500/2 

𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 5250 

 

The Direction Factor: 

Three Lanes, Two Ways. For one way direction, DF = 1.0.  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
∗ 100 

%𝐻𝑣 =
58

(10500/2)
∗ 100 

%𝐻𝑣 =
58

5250
∗ 100 

%𝐻𝑣 = 1.10 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 143: HVAG Calculation Part C 

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

29 

 

87 

Class 10  

B-Double 

 

29 

 

116 

Total 58 203 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

𝑁  𝐴𝐺 =
203

58
 

𝑁  𝐴𝐺 = 3.50 

 

The Lane Distribution Factor: 

 

Table 144: LDF Part C 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Highway in South Australia, 4-lane and 2-way highway, northbound lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling on the Highway, implementation of building structures and the design life 
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of the road way. The client has requested a design life of 30 years and the growth rate has 

been stated as –7.9% per annum.  

 

𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

-0.5% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (−7.9))30 − 1

0.01 ∗ (−7.9)
 

 

𝐶𝐺𝐹 =
−0.91

−0.079
 

 

𝐶𝐺𝐹 = 11.52 Years 

  

The total number of heavy vehicle Axle groups over the design period: 

 

𝑁𝑑𝑡 = 365 ∗ 5250 ∗ 1.0 ∗ (
1.10

100
) ∗ 3.5 ∗ 1 ∗ 11.52 

𝑁𝑑𝑡 = 8.54𝑥105 

 

The total Design number of ESA’s, will be: 

 

𝐷𝐸𝑆𝐴 = 0.70 𝑥 (8.54𝑥105) 

𝑫𝑬𝑺𝑨 = 𝟎. 𝟓𝟗𝟖 𝒎𝒊𝒍𝒍𝒊𝒐𝒏. 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 470 | 708 

Version 2.0 

11.1.6.4 DESIGN TRAFFIC D: HACKNEY ROAD (MEDIAN) 

The bus dedicated road is to be designed to withstand a 30-year period of exposure to 

damage, with a bus traffic growth rate assumed as 5.00%. The total number of heavy vehicle 

Axle groups over the design period, will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 1000/2 

𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 500 

 

The Direction Factor: 

Two Lanes, Two Ways. For one way direction, DF = 0.5  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
∗ 100 

%𝐻𝑣 =
1000

(1000)
∗ 100 

%𝐻𝑣 =
1

1
∗ 100 

%𝐻𝑣 = 100% 

 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 145: HVAG Calculation Part D 

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

250 

 

750 

Class 10  

B-Double 

 

0 

 

0 

Total 250 750 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

𝑁  𝐴𝐺 =
750

250
 

𝑁  𝐴𝐺 = 3.00 

 

The Lane Distribution Factor: 

 

Table 146: Lane Distribution Factor Part D 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

Urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Highway in South Australia, 2-lane and 2-way highway, left lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling on the Highway, implementation of building structures and the design life 
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of the road way. The client has requested a design life of 30 years and the growth rate has 

been stated as 5.0% per annum.  

 

𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

5.00% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (5.00))30 − 1

0.01 ∗ (5.00)
 

 

𝐶𝐺𝐹 =
3.32

0.05
 

 

𝐶𝐺𝐹 = 66.40 Years 

  

The total number of heavy vehicle Axle groups over the design period: 

 

𝑁𝑑𝑡 = 365 ∗ 1000 ∗ 0.5 ∗ (
5.00

100
) ∗ 3.0 ∗ 1 ∗ 66.40 

𝑁𝑑𝑡 = 36.37𝑥106 

 

The total Design number of ESA’s, will be: 

 

𝐷𝐸𝑆𝐴 = 0.70 𝑥 (36.37𝑥106) 

𝑫𝑬𝑺𝑨 = 𝟐𝟓. 𝟒𝟔 𝒎𝒊𝒍𝒍𝒊𝒐𝒏. 
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11.1.6.5 DESIGN TRAFFIC E: HACKNEY WIDENING 

The road is to be designed to withstand a 30-year period of exposure to damage, with a 

growth rate assumed as 7.75%. The total number of heavy vehicle Axle groups over the design 

period, will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 45100/2 

𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 22550 

 

The Direction Factor: 

Two Lanes, Two Ways. For one way direction, DF = 0.5  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
∗ 100 

%𝐻𝑣 =
2255

(45100)
∗ 100 

%𝐻𝑣 =
50

1000
∗ 100 

%𝐻𝑣 = 5.00% 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 147: HVAG Calculation Part E 

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

1128 

 

3384 

Class 10  

B-Double 

 

1128 

 

4512 

Total 2256 7896 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

𝑁  𝐴𝐺 =
7896

2256
 

𝑁  𝐴𝐺 = 3.50 

 

The Lane Distribution Factor: 

 

Table 148: Lane Distribution Factor Part E 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Highway in South Australia, 4-lane and 2-way highway, left lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling on the road, implementation of building structures and the design life of 
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the road way. The client has requested a design life of 30 years and the growth rate has been 

stated as 7.75% per annum.  

 

𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

5.00% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (7.75))30 − 1

0.01 ∗ (7.75)
 

 

𝐶𝐺𝐹 =
3.32

0.05
 

 

𝐶𝐺𝐹 = 108.5 Years 

  

The total number of heavy vehicle Axle groups over the design period: 

 

𝑁𝑑𝑡 = 365 ∗ 22550 ∗ 0.5 ∗ (
5.00

100
) ∗ 3.0 ∗ 1 ∗ 108 

𝑁𝑑𝑡 = 65.5𝑥107 

 

The total Design number of ESA’s, will be: 

 

𝐷𝐸𝑆𝐴 = 0.70 𝑥 (65.5𝑥107) 

𝑫𝑬𝑺𝑨 =  𝟒𝟔 𝒎𝒊𝒍𝒍𝒊𝒐𝒏. 
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11.1.6.6 DESIGN TRAFFIC F: HACKNEY CAR PARK 

The car park is to be designed to withstand a 30-year period of exposure to damage, with a 

bus traffic growth rate assumed as 1.00%. The total number of heavy vehicle Axle groups over 

the design period, will be calculated using the formula below.  

𝑁𝑑𝑡 = 365 ∗ 𝐴𝐴𝐷𝑇 ∗ 𝐷𝐹 ∗ (%
𝐻𝑉

100
) ∗ 𝑁  𝐴𝐺 ∗ 𝐿𝐷𝐹 ∗ 𝐶𝐺𝐹 

 

The Average Annual Daily Traffic Count: 

 

𝐴𝐴𝐴𝐷𝑇(𝑜𝑛𝑒 𝑤𝑎𝑦) = 550 

 

 

The Direction Factor: 

For one-way exit and entry, DF = 0.5  

 

The Percentage of Vehicles Classified as ‘Heavy’: 

%𝐻𝑣 = (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑣

𝑇𝑜𝑡𝑎𝑙 𝑇𝑟𝑎𝑓𝑓𝑖𝑐
) ∗ 100 

 

𝐴𝑠𝑠𝑢𝑚𝑒𝑑 %𝐻𝑣 = 1.00% 

 

The Average Number of Axle groups per heavy vehicle: 
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Table 149: HVAG Calculation Part F  

Axle Type No. HV 

Counted. 

HVAG 

Class 9 Dual 

Axle 

 

- 

 

- 

Class 10  

B-Double 

 

- 

 

- 

Total - - 

 

𝑁  𝐴𝐺 =
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉𝐴𝐺

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑉
 

 

𝐴𝑠𝑠𝑢𝑚𝑒𝑑 𝑁𝐻𝑉𝐴𝐺 = 3.0  

The Lane Distribution Factor: 

 

Table 150: Lane Distribution Factor Part F 

 

Location 

Lanes Each 

Direction 

LDF 

Left lane C Lane Right Lane 

Rural 2 1.00 NA 0.50 

3 0.95 0.65 0.30 

Urban 2 1.00 NA 0.50 

3 0.65 0.65 0.50 

 

Urban Car Park, Assume critical - left lane, LDF = 1.0. 

 

The Cumulative Growth Factor, will allow for any population growth, increase in frequency of 

vehicles travelling using the space, implementation of building structures and the design life 

of the pavement. The client has requested a design life of 30 years and the growth rate has 

been stated as 1.00% per annum.  
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𝐶𝐺𝐹 =
(1 + 0.01𝑅)𝑝 − 1

0.01𝑅
 

 

Where R = Annual Growth Rate (%) and P = Design life of period (in years) 

1.00% growth rate 

30 year design life 

 

𝐶𝐺𝐹 =
(1 + 0.01 ∗ (1.00))30 − 1

0.01 ∗ (1.00)
 

 

𝐶𝐺𝐹 =
0.3478

0.01
 

 

𝐶𝐺𝐹 = 34.78 Years 

11.1.7 PAVEMENT DESIGN 

11.1.7.1 INDUSTRY BASED COST(S) 

Asphalt Concrete Wearing and Intermediate Courses, are listed in Table 151. 

Table 151: AC Wearing Course Costs 

Asphalt Classification Binder 

Concentration (%) 

Cost($) Density (t/m^3) 

AC Heavy Duty 10 AC10H A35P, 12.4% $190.00 2.5 

AC Heavy Duty 14 AC14H Class 320, 11.0% $172.00 2.5 

AC Heavy Duty 20 AC20H Class 320, 11.0% $165.00 2.5 

AC Moderate 14 AC14M Class 320, 11.7% $150.00 2.5 

AC Moderate 20 AC20M Class 320, 11.0% $135.00 2.5 

Open Graded 14 OG14M Class 170, 9.9% $100.00 2.5 

AC Fine-Low 10 AC10L Class 170, 13.1% $  90.00 2.1 
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Asphalt Concrete Wearing and Intermediate Courses, are listed in Table 152. 

Table 152: Unbound Granular Material Costings 

UGM Classification Mr (MPa) Cost($) Density (t/m^3) 

Pavement Material 

Class 1 

PM1/20 >400 $20 2.1 

Pavement Material 

Class 2 

PM2/20 350 $17 2.1 

Pavement Material 

Class 3 

PM3/40 150 $12 2.1 

Pavement Material 

Recycled 

Select Fill <75 Nil. 2.1 

 

11.1.7.2 COST OF PAVEMENT(S) 

11.1.7.2.1 PARK ROAD 
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Table 153: Park Road Costs 
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11.1.7.2.2 MANN ROAD 

 

Table 154: Mann Road Costs 
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11.1.7.2.3 BUNDEYS ROAD 

 

Table 155: Bundeys Road Cost Estimate 
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11.1.7.2.4  HACKNEY MEDIAN NORTH 

 

Table 156: Hackney Median North Costs 
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11.1.7.2.5  HACKNEY MEDIAN SOUTH 

 

Table 157: Hackney Median South Costs 
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11.1.7.2.6 HACKNEY WIDENING WEST 

Table 158: Hackney Widening Costs 
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11.1.7.2.7 HACKNEY CAR PARK 

Table 159: Hackney Road Car Park Costs 
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MECHANISTIC DESIGN CALCULATIONS  

11.1.7.2.8 SUBGRADE CBR=4.25% 

Anisotropic Elastic Material Properties. 

𝐸𝑣 = 10 𝑥 4.25 = 42.5𝑀𝑃𝑎 

𝐸ℎ =
𝐸𝑣

2
= 21.25 𝑀𝑃𝑎  

𝑉𝑣 = 𝑉ℎ = 0.45 

𝐹 =
𝐸𝑣

1 + 𝑣
 

𝐹 =
42.5

1 + 0.45
 

𝐹 = 29.3  

𝑭𝒂𝒕𝒊𝒈𝒖𝒆 𝑪𝒓𝒊𝒕𝒆𝒓𝒊𝒂: 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 9300, 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 = 7.00. 

11.1.7.2.9 SUBGRADE CBR=3.00% 

Anisotropic Elastic Material Properties.  

𝐸𝑣 = 10 𝑥 3.00 = 30.0𝑀𝑃𝑎 

𝐸ℎ =
𝐸𝑣

2
= 15.00 𝑀𝑃𝑎  

𝑉𝑣 = 𝑉ℎ = 0.45 

𝐹 =
𝐸𝑣

1 + 𝑣
 

𝐹 =
30.0

1 + 0.45
 

𝐹 = 20.69  

𝑭𝒂𝒕𝒊𝒈𝒖𝒆 𝑪𝒓𝒊𝒕𝒆𝒓𝒊𝒂: 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 = 9300, 𝑒𝑥𝑝𝑜𝑛𝑒𝑛𝑡 = 7.00. 

11.1.7.2.10 SUBBASE MATERIAL (PM2/20) 

Anisotropic Elastic Material Properties 

𝐸𝑣 = 𝑀𝑟 = 300𝑀𝑃𝑎  

𝐸ℎ =
1

2
𝑀𝑟 = 150 𝑀𝑃𝑎  

𝑉𝑣 = 𝑉ℎ = 0.45 
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𝐹 =
𝐸𝑣

1 + 𝑣
 

𝐹 =
300

(1 + 0.45)
 

𝐹 = 222.2 

No Failure Mode Criteria for Unbound Granular Material. 

 

11.1.7.2.11 SUBBASE MATERIAL (PM3/20) 

Anisotropic Elastic Material Properties 

𝐸𝑣 = 𝑀𝑟 = 150𝑀𝑃𝑎  

𝐸ℎ =
1

2
𝑀𝑟 = 75 𝑀𝑃𝑎  

𝑉𝑣 = 𝑉ℎ = 0.45 

𝐹 =
𝐸𝑣

1 + 𝑣
 

𝐹 =
150

(1 + 0.45)
 

𝐹 = 103.45 

No Failure Mode Criteria for Unbound Granular Material. 

11.1.7.2.12 BASE MATERIAL (PM1/20) 

Anisotropic Elastic Material Properties  

𝐸𝑣 = 𝑀𝑟 = 500𝑀𝑃𝑎  

𝐸ℎ =
1

2
𝑀𝑟 = 250 𝑀𝑃𝑎  

𝑉𝑣 = 𝑉ℎ = 0.45 

𝐹 =
𝐸𝑣

1 + 𝑣
 

𝐹 =
500

(1 + 0.45)
 

𝐹 = 344.85 

No Failure Mode Criteria for Unbound Granular Material. 
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11.1.7.2.13 ASPHALT WEARING COURSE (AC10M) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟏𝟐. 𝟒% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟏𝟐. 𝟒 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟏𝟎𝟕 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟔𝟑𝟎)𝒙𝒆−𝟎.𝟏𝟎𝟕(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟔𝟑𝟎)𝒙(𝟏) 

𝑬 = 𝟐𝟔𝟑𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟏𝟐. 𝟒 + 𝟏. 𝟎𝟖)

(𝟐𝟔𝟑𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟒𝟕𝟓𝟏  

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟐𝟔𝟑𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.2.14 ASPHALT WEARING COURSE (AC14M) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟏𝟏. 𝟕% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟏𝟏. 𝟕 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟏𝟎𝟓 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟔𝟑𝟎)𝒙𝒆−𝟎.𝟏𝟎𝟓(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟖𝟖𝟎)𝒙(𝟏) 

𝑬 = 𝟐𝟖𝟖𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟏𝟏. 𝟕 + 𝟏. 𝟎𝟖)

(𝟐𝟖𝟖𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟒𝟑𝟔𝟑  

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟐𝟖𝟖𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.2.15 ASPHALT WEARING COURSE (AC20M) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟏𝟏. 𝟎% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟏𝟏. 𝟎 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟏𝟎𝟑 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟑𝟏𝟔𝟎)𝒙𝒆−𝟎.𝟏𝟎𝟑(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟑𝟏𝟔𝟎)𝒙(𝟏) 

𝑬 = 𝟑𝟏𝟔𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟏𝟏. 𝟎 + 𝟏. 𝟎𝟖)

(𝟑𝟏𝟔𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟑𝟗𝟗𝟏 

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟑𝟏𝟔𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.2.16 ASPHALT WEARING COURSE (AC10H) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟏𝟏. 𝟕% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟏𝟏. 𝟕 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟏𝟎𝟓 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟔𝟑𝟎)𝒙𝒆−𝟎.𝟏𝟎𝟓(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟐𝟖𝟖𝟎)𝒙(𝟏) 

𝑬 = 𝟐𝟖𝟖𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟏𝟏. 𝟕 + 𝟏. 𝟎𝟖)

(𝟐𝟖𝟖𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟒𝟑𝟔𝟑  

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟐𝟖𝟖𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.2.17 ASPHALT WEARING COURSE (AC14H) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟏𝟏. 𝟎% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟏𝟏. 𝟎 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟏𝟎𝟑 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟑𝟏𝟔𝟎)𝒙𝒆−𝟎.𝟏𝟎𝟑(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟑𝟏𝟔𝟎)𝒙(𝟏) 

𝑬 = 𝟑𝟏𝟔𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟏𝟏. 𝟎 + 𝟏. 𝟎𝟖)

(𝟑𝟏𝟔𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟑𝟗𝟗𝟏 

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟑𝟏𝟔𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.2.18 ASPHALT WEARING COURSE (OG14M) 

Isotropic Elastic Material Properties 

𝐴𝑠𝑠𝑢𝑚𝑒 𝐸𝑣 = 𝐸ℎ 

𝐸 = 𝑆𝑊𝑀𝐴𝑃𝑇 = 𝑆°27𝑥𝑒𝐴(𝑊𝑀𝐴𝑃𝑇−27) 

𝑆°27 = 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑚𝑜𝑑. 𝑎𝑡 27° 𝑐𝑒𝑙𝑐𝑖𝑢𝑠.  

𝑉𝑏 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝐵𝑖𝑛𝑑𝑒𝑟 𝑖𝑛 𝑀𝑖𝑥 (%) 

𝑉 = 𝐻𝑒𝑎𝑣𝑦 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐷𝑒𝑠𝑖𝑔𝑛 𝑆𝑝𝑒𝑒𝑑 (
𝑘𝑚

ℎ
) 

𝐴 = 𝑚𝑖𝑥 𝑡𝑦𝑝𝑒 𝑎𝑛𝑑 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑠𝑝𝑒𝑒𝑑. 

 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝑽𝒃 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝑽) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑽𝒃 = 𝟗. 𝟗% 

𝑽 = 𝟓𝟎 @
𝟔𝟎𝒌𝒎

𝒉
 

𝑨 = (𝟏 + 𝟎. 𝟎𝟑𝟎𝟕𝒙(𝟗. 𝟗 − 𝟏𝟏))𝒙((𝟎. 𝟎𝟏𝟒 𝐥𝐧(𝟓𝟎) − 𝟎. 𝟏𝟓𝟕𝟗)) 

𝑨 =  −𝟎. 𝟎𝟗𝟗 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟗𝟔𝟎)𝒙𝒆−𝟎.𝟎𝟗𝟗(𝟐𝟕−𝟐𝟕) 

𝑺𝑾𝑴𝑨𝑷𝑻 = (𝟗𝟔𝟎)𝒙(𝟏) 

𝑬 = 𝟗𝟔𝟎 

 

∴ 𝐶𝑂𝑁𝑆𝑇𝐴𝑁𝑇 =
6918 𝑥 (0.856 𝑥 𝑉𝑏 + 1.08)

(𝑆𝑚𝑖𝑥)0.36 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =
𝟔𝟗𝟏𝟖 𝒙 (𝟎. 𝟖𝟓𝟔 𝒙 𝟗. 𝟗 + 𝟏. 𝟎𝟖)

(𝟗𝟔𝟎)𝟎.𝟑𝟔 
 

 

𝑪𝑶𝑵𝑺𝑻𝑨𝑵𝑻 =  𝟓𝟏𝟐𝟗 

𝑬𝑿𝑷𝑶𝑵𝑬𝑵𝑻 = 𝟓. 𝟎𝟎 

𝑬𝒗 = 𝑬𝒉 = 𝟗𝟔𝟎 

𝑽𝒗 = 𝑽𝒉 = 𝟎. 𝟒𝟎 
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11.1.7.3 CIRCLY OUTPUT (DATA) 

11.1.7.3.1 PAVEMENT A: PARK ROAD OUTPUT 

11.1.7.3.2 PAVEMENT B: MANN ROAD OUTPUT 

CIRCLY Version 5.0u (8 April 2013) 

 

Job Title: Park_Road_Mann_Road 

Engineer: Alec Dawson 

Organisation: E8 Consulting Engineers 

 

Damage Factor Calculation  

 

Assumed number of damage pulses per movement: 

   One pulse per axle (i.e. use NROWS) 

 

Traffic Spectrum Details: 

 

   ID: Park Title: Park Road Design ESA 

 

   Load   Load         Movements 

    No.   ID 

    1     ESA75-Full   2.86E+07 

 

Details of Load Groups: 

 

   Load   Load        Load        Load            Radius    Pressure/    Exponent 

    No.   ID          Category    Type                      Ref. stress 

    1     ESA75-Full  SA750-Full  Vertical Force     92.1    0.75         0.00 

 

   Load Locations: 

   Location   Load        Gear          X          Y      Scaling     Theta 

    No.       ID          No.                             Factor 

    1         ESA75-Full   1          -165.0        0.0   1.00E+00      0.00 

    2         ESA75-Full   1           165.0        0.0   1.00E+00      0.00 

    3         ESA75-Full   1          1635.0        0.0   1.00E+00      0.00 

    4         ESA75-Full   1          1965.0        0.0   1.00E+00      0.00 

 

Layout of result points on horizontal plane: 

   Xmin: -250   Xmax:  2200   Xdel:  10 

   Y:     0 

 

Details of Layered System: 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 496 | 708 

Version 2.0 

   ID: Aust2004-1 Title: Austroads 2004 - Example 1 - Unbound Granular Pavement 

 

   Layer  Lower    Material     Isotropy   Modulus    P.Ratio                       

    No.   i/face   ID                      (or Ev)    (or vvh)  F          Eh         

vh      

    1     rough    OG14M        Iso.       9.60E+02   0.40 

    2     rough    AC20M        Iso.       3.16E+03   0.40 

    3     rough    PM1 20mm     Aniso.     5.00E+02   0.35      3.71E+02   2.50E+02   

0.35 

    4     rough    PM2 20mm     Aniso.     3.50E+02   0.35      2.60E+02   1.75E+02   

0.35 

    5     rough    PM3 40mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 

 

   Performance Relationships: 

   Layer  Location Performance  Component  Perform.   Perform.  Traffic 

    No.            ID                      Constant   Exponent  Multiplier 

    1     bottom   OG14M        ETH         0.005129    5.000     1.000 

    2     bottom   AC20M        ETH         0.003991    5.000     1.000 

 

   Reliability Factors: 

   Project Reliability: Austroads 90% 

   Layer  Reliability  Material 

    No.   Factor       Type     

    1       1.50       Asphalt 

    2       1.50       Asphalt 

 

   Details of Layers to be sublayered:  

   Layer no.  3:  Austroads (2004) sublayering  

   Layer no.  4:  Austroads (2004) sublayering  

   Layer no.  5:  Austroads (2004) sublayering  

 

Results: 

 

   Layer  Thickness  Material     Load          Critical       CDF 

    No.              ID           ID            Strain 

    1       80.00    OG14M        ESA75-Full    -2.30E-05      3.48E-05 

    2       90.00    AC20M        ESA75-Full    -1.40E-04      9.93E-01 

    3      180.00    PM1 20mm                    n/a           n/a     

    4      200.00    PM2 20mm                    n/a           n/a     

    5      200.00    PM3 40mm                    n/a           n/a 
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11.1.7.3.3 PAVEMENT C: BUNDEYS ROAD OUTPUT 

CIRCLY Version 5.0u (8 April 2013) 

 

Job Title: Bundeys_Road 

Engineer: Alec Dawson 

Organisation: E8 Consulting 

 

 

Damage Factor Calculation  

 

Assumed number of damage pulses per movement: 

   One pulse per axle (i.e. use NROWS) 

 

Traffic Spectrum Details: 

 

   ID: Bundeys Title: Bundeys Road Design ESA 

 

   Load   Load         Movements 

    No.   ID 

    1     ESA75-Full   5.98E+05 

 

Details of Load Groups: 

 

   Load   Load        Load        Load            Radius    Pressure/    Exponent 

    No.   ID          Category    Type                      Ref. stress 

    1     ESA75-Full  SA750-Full  Vertical Force     92.1    0.75         0.00 

 

   Load Locations: 

   Location   Load        Gear          X          Y      Scaling     Theta 

    No.       ID          No.                             Factor 

    1         ESA75-Full   1          -165.0        0.0   1.00E+00      0.00 

    2         ESA75-Full   1           165.0        0.0   1.00E+00      0.00 

    3         ESA75-Full   1          1635.0        0.0   1.00E+00      0.00 

    4         ESA75-Full   1          1965.0        0.0   1.00E+00      0.00 

 

Layout of result points on horizontal plane: 

   Xmin: -250   Xmax:  2200   Xdel:  10 

   Y:     0 

 

Details of Layered System: 

 

   ID: Aust2004-1 Title: Austroads 2004 - Example 1 - Unbound Granular Pavement 

 

   Layer  Lower    Material     Isotropy   Modulus    P.Ratio                       
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    No.   i/face   ID                      (or Ev)    (or vvh)  F          Eh         

vh      

    1     rough    OG14M        Iso.       9.60E+02   0.40 

    2     rough    PM1 20mm     Aniso.     5.00E+02   0.35      3.71E+02   2.50E+02   

0.35 

    3     rough    PM2 20mm     Aniso.     3.50E+02   0.35      2.60E+02   1.75E+02   

0.35 

    4     rough    PM3 40mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 

    5     rough    PM3 40mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 

 

   Performance Relationships: 

   Layer  Location Performance  Component  Perform.   Perform.  Traffic 

    No.            ID                      Constant   Exponent  Multiplier 

    1     bottom   OG14M        ETH         0.005129    5.000     1.100 

 

   Reliability Factors: 

   Project Reliability: Austroads 90% 

   Layer  Reliability  Material 

    No.   Factor       Type     

    1       1.50       Asphalt 

 

   Details of Layers to be sublayered:  

   Layer no.  2:  Austroads (2004) sublayering  

   Layer no.  3:  Austroads (2004) sublayering  

   Layer no.  4:  Austroads (2004) sublayering  

   Layer no.  5:  Austroads (2004) sublayering  

Results: 

 

   Layer  Thickness  Material     Load          Critical       CDF 

    No.              ID           ID            Strain 

    1       30.00    OG14M        ESA75-Full    -2.49E-04      1.19E-01 

    2       50.00    PM1 20mm                    n/a           n/a     

    3      200.00    PM2 20mm                    n/a           n/a     

    4      220.00    PM3 40mm                    n/a           n/a     

    5      250.00    PM3 40mm                    n/a           n/a     

11.1.7.3.4 PAVEMENT D: HACKNEY ROAD (MEDIAN) 

11.1.7.3.5 PAVEMENT D1: NORTH REGION 

CIRCLY Version 5.0u (8 April 2013) 

 

Job Title: Hackney_Median (Northern) 

Engineer: Alec Dawson 

Organisation: E8 Consulting 
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Damage Factor Calculation  

 

Assumed number of damage pulses per movement: 

   One pulse per axle (i.e. use NROWS) 

 

Traffic Spectrum Details: 

 

   ID: Hackney Title: Hackney Median Design ESA 

 

   Load   Load         Movements 

    No.   ID 

    1     ESA75-Full   2.55E+07 

 

Details of Load Groups: 

 

   Load   Load        Load        Load            Radius    Pressure/    Exponent 

    No.   ID          Category    Type                      Ref. stress 

    1     ESA75-Full  SA750-Full  Vertical Force     92.1    0.75         0.00 

 

   Load Locations: 

   Location   Load        Gear          X          Y      Scaling     Theta 

    No.       ID          No.                             Factor 

    1         ESA75-Full   1          -165.0        0.0   1.00E+00      0.00 

    2         ESA75-Full   1           165.0        0.0   1.00E+00      0.00 

    3         ESA75-Full   1          1635.0        0.0   1.00E+00      0.00 

    4         ESA75-Full   1          1965.0        0.0   1.00E+00      0.00 

 

Layout of result points on horizontal plane: 

   Xmin: -250   Xmax:  2200   Xdel:  10 

   Y:     0 

 

Details of Layered System: 

 

   ID: Aust2004-2 Title: Austroads 2004 - Example 2 - Asphalt Pavement containing 

Cemented Layer 

 

   Layer  Lower    Material     Isotropy   Modulus    P.Ratio                       

    No.   i/face   ID                      (or Ev)    (or vvh)  F          Eh         

vh      

    1     rough    AC10H        Iso.       2.88E+03   0.40 

    2     rough    AC14H        Iso.       3.16E+03   0.40 

    3     rough    PM1 20mm     Aniso.     5.00E+02   0.35      3.71E+02   2.50E+02   

0.35 

    4     rough    PM2 20mm     Aniso.     3.50E+02   0.35      2.60E+02   1.75E+02   

0.35 

    5     rough    PM3 20mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 
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    6     rough    SUB_4.50     Aniso.     4.50E+01   0.45      3.10E+01   2.25E+01   

0.45 

 

   Performance Relationships: 

   Layer  Location Performance  Component  Perform.   Perform.  Traffic 

    No.            ID                      Constant   Exponent  Multiplier 

    1     bottom   AC10H        ETH         0.004363    5.000     1.100 

    2     bottom   AC14H        ETH         0.003991    5.000     1.100 

    6     top      SUB_4.5      EZZ         0.009300    7.000     1.000 

 

   Reliability Factors: 

   Project Reliability: Austroads 90% 

   Layer  Reliability  Material 

    No.   Factor       Type     

    1       1.50       Asphalt 

    2       1.50       Asphalt 

    6       1.00       Subgrade (Austroads 2004) 

 

   Details of Layers to be sublayered:  

   Layer no.  3:  Austroads (2004) sublayering  

   Layer no.  4:  Austroads (2004) sublayering  

   Layer no.  5:  Austroads (2004) sublayering  

 

Results: 

 

   Layer  Thickness  Material     Load          Critical       CDF 

    No.              ID           ID            Strain 

    1       70.00    AC10H        ESA75-Full    -1.02E-05      1.33E-06 

    2      100.00    AC14H        ESA75-Full    -1.40E-04      1.00E+00 

    3      140.00    PM1 20mm                    n/a           n/a     

    4      170.00    PM2 20mm                    n/a           n/a     

    5      200.00    PM3 20mm                    n/a           n/a     

    6        0.00    SUB_4.50     ESA75-Full     3.38E-04      2.14E-03 
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11.1.7.3.6 PAVEMENT D2: SOUTH REGION 

CIRCLY Version 5.0u (8 April 2013) 

 

Job Title: Hackney_Median (Southern) 

Engineer: Alec Dawson  

Organisation: E8 Consulting 

 

 

Damage Factor Calculation  

 

Assumed number of damage pulses per movement: 

   One pulse per axle (i.e. use NROWS) 

 

Traffic Spectrum Details: 

 

   ID: Hackney Title: Hackney Median Design ESA 

 

   Load   Load         Movements 

    No.   ID 

    1     ESA75-Full   2.55E+07 

 

Details of Load Groups: 

 

   Load   Load        Load        Load            Radius    Pressure/    Exponent 

    No.   ID          Category    Type                      Ref. stress 

    1     ESA75-Full  SA750-Full  Vertical Force     92.1    0.75         0.00 

 

   Load Locations: 

   Location   Load        Gear          X          Y      Scaling     Theta 

    No.       ID          No.                             Factor 

    1         ESA75-Full   1          -165.0        0.0   1.00E+00      0.00 

    2         ESA75-Full   1           165.0        0.0   1.00E+00      0.00 

    3         ESA75-Full   1          1635.0        0.0   1.00E+00      0.00 

    4         ESA75-Full   1          1965.0        0.0   1.00E+00      0.00 

 

Layout of result points on horizontal plane: 

   Xmin: -250   Xmax:  2200   Xdel:  10 

   Y:     0 

 

Details of Layered System: 

 

   ID: Aust2004-2 Title: Austroads 2004 - Example 2 - Asphalt Pavement containing 

Cemented Layer 

 

   Layer  Lower    Material     Isotropy   Modulus    P.Ratio                       
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    No.   i/face   ID                      (or Ev)    (or vvh)  F          Eh         

vh      

    1     rough    AC10H        Iso.       2.88E+03   0.40 

    2     rough    AC14H        Iso.       3.16E+03   0.40 

    3     rough    PM1 20mm     Aniso.     5.00E+02   0.35      3.71E+02   2.50E+02   

0.35 

    4     rough    PM2 20mm     Aniso.     3.50E+02   0.35      2.60E+02   1.75E+02   

0.35 

    5     rough    PM3 20mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 

    6     rough    SUB_3.00     Aniso.     3.00E+01   0.45      2.07E+01   1.50E+01   

0.45 

 

   Performance Relationships: 

   Layer  Location Performance  Component  Perform.   Perform.  Traffic 

    No.            ID                      Constant   Exponent  Multiplier 

    1     bottom   AC10H        ETH         0.004363    5.000     1.100 

    2     bottom   AC14H        ETH         0.003991    5.000     1.100 

    6     top      SUB3.00      EZZ         0.009300    7.000     1.600 

 

   Reliability Factors: 

   Project Reliability: Austroads 90% 

   Layer  Reliability  Material 

    No.   Factor       Type     

    1       1.50       Asphalt 

    2       1.50       Asphalt 

    6       1.00       Subgrade (Austroads 2004) 

 

   Details of Layers to be sublayered:  

   Layer no.  3:  Austroads (2004) sublayering  

   Layer no.  4:  Austroads (2004) sublayering  

   Layer no.  5:  Austroads (2004) sublayering  

 

Results: 

 

   Layer  Thickness  Material     Load          Critical       CDF 

    No.              ID           ID            Strain 

    1       90.00    AC10H        ESA75-Full    -1.71E-05      1.74E-05 

    2      100.00    AC14H        ESA75-Full    -1.39E-04      9.55E-01 

    3      180.00    PM1 20mm                    n/a           n/a     

    4      180.00    PM2 20mm                    n/a           n/a     

    5      200.00    PM3 20mm                    n/a           n/a     

    6        0.00    SUB_3.00     ESA75-Full     3.78E-04      7.44E-03 
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11.1.7.3.7 PAVEMENT E: HACKNEY ROAD (WIDENING) 

   ID: Hackney_Road_Widening  

 

Title: Hackney Road Widening DESA 

Engineer: Alec Dawson 

Organisation: E8 Consulting 

 

 

   Load   Load         Movements 

    No.   ID 

    1     ESA75-Full   4.60+07 

 

Details of Load Groups: 

 

   Load   Load        Load        Load            Radius    Pressure/    Exponent 

    No.   ID          Category    Type                      Ref. stress 

    1     ESA75-Full  SA750-Full  Vertical Force     92.1    0.75         0.00 

 

   Load Locations: 

   Location   Load        Gear          X          Y      Scaling     Theta 

    No.       ID          No.                             Factor 

    1         ESA75-Full   1          -165.0        0.0   1.00E+00      0.00 

    2         ESA75-Full   1           165.0        0.0   1.00E+00      0.00 

    3         ESA75-Full   1          1635.0        0.0   1.00E+00      0.00 

    4         ESA75-Full   1          1965.0        0.0   1.00E+00      0.00 

 

Layout of result points on horizontal plane: 

   Xmin: -250   Xmax:  2200   Xdel:  10 

   Y:     0 

 

Details of Layered System: 

 

   ID: Aust2004-1 Title: Austroads 2004 - Example 1 - Unbound Granular Pavement 

 

   Layer  Lower    Material     Isotropy   Modulus    P.Ratio                       

    No.   i/face   ID                      (or Ev)    (or vvh)  F          Eh         

vh      

    1     rough    OG14M        Iso.       9.60E+02   0.40 

    2     rough    AC20M        Iso.       3.16E+03   0.40 

    3     rough    PM1 20mm     Aniso.     5.00E+02   0.35      3.71E+02   2.50E+02   

0.35 

    4     rough    PM2 20mm     Aniso.     3.50E+02   0.35      2.60E+02   1.75E+02   

0.35 

    5     rough    PM3 20mm     Aniso.     1.50E+02   0.35      1.11E+02   7.50E+01   

0.35 

    6     rough    SUB_3.00     Aniso.     3.00E+01   0.45      2.07E+01   1.50E+01   

0.45 
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   Performance Relationships: 

   Layer  Location Performance  Component  Perform.   Perform.  Traffic 

    No.            ID                      Constant   Exponent  Multiplier 

    1     bottom   OG14M        ETH         0.005129    5.000     1.100 

    2     bottom   AC20M        ETH         0.003991    5.000     1.100 

    6     top      SUB3.00      EZZ         0.009300    7.000     1.600 

 

   Reliability Factors: 

   Project Reliability: Austroads 90% 

   Layer  Reliability  Material 

    No.   Factor       Type     

    1       1.50       Asphalt 

    2       1.50       Asphalt 

    6       1.00       Subgrade (Austroads 2004) 

 

   Details of Layers to be sublayered:  

   Layer no.  3:  Austroads (2004) sublayering  

   Layer no.  4:  Austroads (2004) sublayering  

   Layer no.  5:  Austroads (2004) sublayering  

 

Results: 

 

   Layer  Thickness  Material     Load          Critical       CDF 

    No.              ID           ID            Strain 

    1       70.00    OG14M        ESA75-Full    -1.02E-05      4.17E-07 

    2      100.00    AC20M        ESA75-Full    -1.50E-04      9.96E-01 

    3      190.00    PM1 20mm                    n/a           n/a     

    4      200.00    PM2 20mm                    n/a           n/a     

    5      240.00    PM3 20mm                    n/a           n/a     

    6        0.00    SUB_3.00     ESA75-Full     3.94E-04      7.24E-03 
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11.1.7.4 CIRCLY OUTPUT (GRAPHS) 

11.1.7.4.1 PAVEMENT A: PARK ROAD 

11.1.7.4.2 PAVEMENT B: MANN ROAD 

 

Figure 188: Circly Output for Park Road 

 

Figure 189: Circly Output for Park Road 
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11.1.7.4.3 PAVEMENT C: BUNDEYS ROAD 

 

Figure 190: Circly Output for Bundeys Road 
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11.1.7.4.4 PAVEMENT D: HACKNEY ROAD (MEDIAN) 

11.1.7.4.4.1 NORTH REGION 

 

Figure 191: Circly Output for Median of Hackney North 

 

Figure 192: Circly Output for Median Hackney North 
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Figure 193: Circly Output for Hackney North 

  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 509 | 708 

Version 2.0 

11.1.7.4.4.2 SOUTH REGION 

 

Figure 194: Circly Output for Median Hackney South 

 

Figure 195: Circly Output for Hackney South 
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Figure 196: Circly Output for Hackney Median South 
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11.1.7.4.5 PAVEMENT E: HACKNEY ROAD (WIDENING)  

 

Figure 197: Circly Output for Hackney Road (Widening) 

 

Figure 198: Circly Output for Hackney Roads Median Widening 
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Figure 199: Circly Output for Hackney Median Widening 
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11.1.7.5 PAVEMENT COSTING 

 

Table 160: Pavement Costings 

Pavement Total Costings 

Item Description  Type Amount Unit Rate  Total 

            

Pavement (Park Road) Materials - m3 - $6,352 

Pavement (Mann Road) Materials - m3 - $9,535 

Pavement (Bundeys Road) Materials - m3 - $5,859 

Pavement (Hackney Median) Materials 2 m3 - $760,933 

Pavement (Hackney Widening) Materials - m3 - $378,473 

Pavement (Car Park) Materials - m3 - $128,210 

            

Labourers 74 Personnel 43 Days $8,160.00 $350,880 

Machine Operators 20 Personnel 43 Days $9,840.00 $423,120 

            

Machinery for 43 Days           

Steam Roller Machinery 14 - $6,450 $90,300 

Asphalt Truck Machinery 11 - $7,095 $78,045 

Compactor (Small) Machinery 11 - $2,580 $28,380 

Compactor (Large) Machinery 11 - $4,945 $54,395 

SUBTOTAL $2,314,484 

            

Allow Preliminaries       10% $231,448 

Contingencies       10% $231,448 

GST       10% $231,448 

TOTAL $3,008,829 
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12 APPENDIX D – STRUCTURAL DEPARTMENT 

 SERVICES PIPE BRIDGE 

12.1.1 PIPE STRUCTURE 

12.1.1.1 DESIGN LOADS 

12.1.1.1.1 DEAD LOAD 

The water main pipe is steel coated cement lined, with a wall thickness of 8mm. therefore the 

self-weight of the pipe is 255kg/m. 

𝑤𝑠𝑤 =
255 × 9.81

1000
= 2.50 𝑘𝑁/𝑚 

The pipe is going to include a frame which will provide a walking platform, along with allowing 

additional services to be added the service bridge. The frame is going to include a rail which 

will allow maintenance personnel to attach a safety harness during required maintenance 

checks. 

𝑤𝑓 = 1 𝑘𝑁/𝑚 

∴ 𝑤𝐷𝐿 = 𝑤𝑠𝑤 + 𝑤𝑓 

∴ 𝑤𝐷𝐿 = 3.50 𝑘𝑁/𝑚 

12.1.1.1.2 LIVE LOAD 

Throughout the design of the service bridge, the water flowing through the pipe is going to 

be analysed as the live load. Water has a unit weight of 9.81 kN/m3. 

∴ 𝑤𝑤 = 𝑢𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑖𝑝𝑒 

∴ 𝑤𝑤 = 9.81 ×
𝜋 × 0.7562

4
 

∴ 𝑤𝑤 = 4.40 𝑘𝑁/𝑚 

As the pipe will also include a frame where maintenance personnel can access the pipe, an 

additional live load will be added to compensate the frame being used.  

𝑤𝑚𝑝 = 0.25𝑘𝑃𝑎 × 0.8𝑚 
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𝑤𝑚𝑝 = 0.2 𝑘𝑁/𝑚 

∴ 𝑤𝐿𝐿 = 𝑤𝑤 + 𝑤𝑚𝑝 

∴ 𝑤𝐿𝐿 = 4.6𝑘𝑁/𝑚 

12.1.1.1.3 WIND LOAD 

𝑣𝑑𝑒𝑠,𝜃 = 48𝑚/𝑠 

For individual elements the aerodynamic shape factor is given by,  

𝐶𝑓𝑖𝑔 = 𝑘𝑎𝑟𝑘𝑖𝑐𝑑       (AS1170.2 E2.1) 

Aspect ratio =
𝑙

𝑏
=

26000

800
= 32.5 

Therefore by linear interpolation 𝑘𝑎𝑟 = 0.93  

𝑘𝑖 = 1,  

By observing note 3 from AS1170.2 TE3, the drag factor was taken as 1.2 as there are 

attachments to the circular cross sections which project more than 1% of the diameter. 

∴ 𝐶𝑓𝑖𝑔 = 0.93 × 1 × 1.2 = 1.12 

𝑝 = 0.6 × (𝑣𝑑𝑒𝑠,𝜃)
2
× 𝐶𝑓𝑖𝑔 

∴ 𝑝 = 0.6 × (48)2 × 1.12 = 1.55𝑘𝑃𝑎 

∴ 𝑤𝑤 = 1.55 × 0.80 = 1.24𝑘𝑁/𝑚 

12.1.1.1.4 STRENGTH LOAD COMBINATION 

𝑤𝑢 = 1.2𝑤𝐷𝐿 + 1.5𝑤𝐿𝐿 

∴ 𝑤𝑢 = 1.2(3.5) + 1.5(4.6) 

∴ 𝑤𝑢 = 11.1 𝑘𝑁/𝑚 

12.1.1.1.5 SERVICEABILITY LOAD COMBINATION 

𝑤𝑠 = 𝑤𝐷𝐿 + 0.7𝑤𝐿𝐿 

∴ 𝑤𝑠 = 3.5 + 0.7(4.6) 

∴ 𝑤𝑠 = 6.72 𝑘𝑁/𝑚 

12.1.1.1.6 WIND LOAD COMBINATION  
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 X direction (vertical loads) 

𝑤𝑢 = 1.2𝑤𝐷𝐿 + 𝑤𝑤 

∴ 𝑤𝑢 = 1.2(3.5) + (1.24) 

∴ 𝑤𝑢 =  5.44𝑘𝑁/𝑚 

∴ 𝑀𝑥 = 0.1 × 5.44 × 262 = 368𝑘𝑁𝑚 

Y direction (lateral loads) 

𝑤𝑢 = 𝑤𝑤 

∴ 𝑤𝑢 = (1.24) 

∴ 𝑀𝑦 = 0.1 × 1.24 × 262 = 84𝑘𝑁𝑚 

Therefore to determine the maximum resultant bending moment due to the wind loading, 

vector addition was conducted. This was completed by the following,  

𝑀∗
𝑤 = √3682 + 842 = 377𝑘𝑁𝑚 

12.1.1.2 SPACEGASS INPUT 

 

Figure 200: Spacegass Input for Service Bridge 

Material and section properties: Steel, 800mm external diameter with 8mm wall thickness. 

12.1.1.3 SPACEGASS OUTPUT 

Section Properties  

A = 19905 mm2 

I = 1.56 x 109 mm4 

J = 3.12 x 109 mm4 

Shear Force 

78000mm 

26000mm 26000mm 26000mm 
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Figure 201: Shear force for Service Bridge 

Bending Moment 

 

Figure 202: Bending Moment for Service Bridge 

Deflection 

 

Figure 203: Deflection for Service Bridge 

12.1.1.4 PIPE ANALYSIS  

In order to analyse the pipe for the service bridge, the strength load combination will be 

considered, as a result of this being the critical load case which produces the maximum 

bending moments and shear forces.  

Section Moment Capacity 

In order to determine the bending moment capacity of the circular hollow section (pipe) the 

effective section modulus has to be computed. The yield strength of the steel pipe was taken 

as 250MPa. In order for this to be completed, the section slenderness has to be determined. 

For circular hollow sections this is computed by,  
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𝜆𝑠 = (
𝑑𝑜

𝑡
) (

𝑓𝑦

250
)         (AS4100 Cl5.2.2) 

Where, 

𝑑𝑜 = Outside diameter = 800mm 

𝑡 = Thickness = 8mm 

𝑓𝑦 = Yield strength = 250MPa 

∴ 𝜆𝑠 = (
800

8
) (

250

250
) 

∴ 𝜆𝑠 = 100 

For circular hollow sections that are hot rolled or cold formed, the plasticity limit (λsp) is 50, 

while the yield limit (λsy) is 120. As the section slenderness is between these two values, the 

section is considered a non-compact section, where the effective section modulus is 

computed by,  

𝑍𝑒 = 𝑍 + [(
𝜆𝑠𝑦−𝜆𝑠

𝜆𝑠𝑦−𝜆𝑠𝑝
) (𝑍𝑐 − 𝑍)]       (AS4100 Cl5.2.4) 

Where, 

𝑍 = Elastic section Modulus  

𝑍 =
𝜋 × 8003

32
−

𝜋 × (800 − 2 × 8)3

32
 

𝑍 = 2.96 × 106 𝑚𝑚3 

𝑍𝑐 = Effective section modulus for a compact section 

𝑍𝑐 = Lesser of S (Plastic section modulus) or 1.5Z (Elastic section Modulus). 

𝑆 =
8003

6
−

(800 − 2 × 8)3

6
 

𝑍 = 5 × 106 𝑚𝑚3 

1.5𝑍 = 1.5 × 2.96 × 106 𝑚𝑚3 

1.5𝑍 = 4.44 × 106 𝑚𝑚3 

∴ 𝑍𝑐 = 4.44 × 106 𝑚𝑚3 

𝑍𝑒 = 2.96 × 106 + [(
120 − 100

120 − 50
) (4.44 × 106 − 2.96 × 106)] 
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𝑍𝑒 = 3.38 × 106 𝑚𝑚3 

The section moment capacity can then be calculated from, 

𝜙𝑀𝑠 = 𝜙𝑓𝑦𝑍𝑒         (AS4100 Cl5.2.1) 

Where, 

𝜙 = 0.9           (AS4100 T3.4) 

𝑓𝑦 = 250MPa 

𝑍𝑒 = 3.38 x 106 mm3 

𝜙𝑀𝑠 = 0.9 × 250 𝑀𝑃𝑎 × 3.38 × 106 𝑚𝑚3 

𝜙𝑀𝑠 = 761𝑘𝑁𝑚 > 𝑀∗(750𝑘𝑁𝑚) 

Therefore adequate.  

Member Moment Capacity 

The member moment capacity can be calculated from, 

𝜙𝑀𝑏 = 𝜙𝛼𝑚𝛼𝑠𝑀𝑠 ≤ 𝑀𝑠       (AS4100 Cl5.6.1.1) 

Where, 

𝛼𝑚 =
1.7𝑀∗

𝑚

√ (𝑀2
∗)2 + (𝑀3

∗)2 + (𝑀4
∗)2 

≤ 2.5 

Where, 

𝑀∗
𝑚 = Maximum design moment in the segment  

𝑀2
∗, 𝑀4

∗ = Design bending moments at quarter points of the segment 

𝑀3
∗ = Design bending moment at the midpoint of the segment 

In order to determine αm two pipe segments will have to be analysed, these being the end 

span and the central span. As the three spans are equal, the two end spans will have the same 

bending moment diagram, therefore they will have the same αm value.  To compute αm, the 

shear force diagrams will be used to determine the bending moment at the required locations. 

 

Segment 1 
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Figure 204: Shear Force for Pipe Segment 1 (End Span) 

As the segment lengths are 26m, the location of the quarter point and midpoint is 6.5m and 

13m respectively. Similar triangles will be used to determine the shear force at the required 

location, with the area then being calculated to determine the bending moment. As the 

distance is from the left support, the quarter distance will be adjusted to determine the length 

from the location of zero shear force. 

The shear force (x) at the quarter point of the segment is, 

10.4

(10.4 − 6.5)
=

115.4

𝑥
 

∴ 𝑥 =
3.9 × 115.4

10.4
= 43.3𝑘𝑁 

Therefore Figure 205 displays the shear force diagram for the first quarter of the segment. By 

computing the area of the shear force diagram, the resultant bending moment can be 

obtained. 

 

Figure 205: Shear Force Diagram for the First Quarter of the Segment 

∴ 𝑀2
∗ =

115.4 + 43.3

2
× 6.5 = 516𝑘𝑁𝑚 

10.4m 

15.6m 
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The above process was then completed for the remaining locations, with the results as 

follows,  

𝑀3
∗ = 562𝑘𝑁𝑚  

𝑀4
∗ = 140𝑘𝑁𝑚  

𝛼𝑚 =
1.7 × 750

√ (516)2 + (562)2 + (140)2 
= 1.64 

NOTE: the maximum bending moment was obtained from the bending moment diagram in 

Figure 202. 

The same process was then repeated for segment 2 (central span) with the results as follows,  

𝑀∗
𝑚 = 750𝑘𝑁𝑚 

𝑀2
∗ = 𝑀4

∗ = 46.8𝑘𝑁𝑚  

𝑀3
∗ = 188𝑘𝑁𝑚  

𝛼𝑚 =
1.7 × 750

√ (46.8)2 + (188)2 + (46.8)2 
= 6.4 

As αm cannot be greater than 2.5, it is taken as 2.5 for segment 2. 

Therefore segment 1 had the critical αm value (1.64), which will be applied to the entire 

member. 

𝛼𝑠 = 0.6 [√(
𝑀𝑠

𝑀𝑜
)
2

+ 3 − (
𝑀𝑠

𝑀𝑜
)] 

Where, 

𝑀𝑜 = √[(
𝜋2𝐸𝐼

𝑙𝑒
2 ) [𝐺𝐽 + (

𝜋2𝐸𝐼𝑤

𝑙𝑒
2 )]] 

 

𝐸 = 200 × 103 𝑀𝑃𝑎       (Steel Constants) 

𝐺 = 80 × 103 𝑀𝑃𝑎 

  

𝐼 =  1.56 × 109 𝑚𝑚4       (Spacegass output) 
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𝐽 =  3.12 × 109 𝑚𝑚4        (Spacegass output) 

𝐼𝑤  =  0         (Hollow section) 

𝑀𝑜 = √(
𝜋2 × 200 × 103 × 1.56 × 109

260002
)[80 × 103 × 3.12 × 109 + (

𝜋2 × 200 × 103 × 0

260002
)] 

𝑀𝑜 = 33719𝑘𝑁𝑚 

∴ 𝛼𝑠 = 0.6 [√(
845

33719
)
2

+ 3 − (
845

33719
)] 

∴ 𝛼𝑠 = 1.02 

∴ 𝜙𝑀𝑏 = 𝜙 × 1.64 × 1.02 × 𝑀𝑠 > 𝑀𝑠 

Therefore the member moment capacity is taken as the section moment capacity, resulting 

in the steel circular hollow section (CHS) having the structural capabilities to withstand the 

applied loading.  

Shear Capacity  

𝜙𝑉𝑤 = 𝜙0.36𝑓𝑦𝐴𝑒         (AS4100 Cl5.11.4) 

Where  

𝑓𝑦 = 250MPa 

𝐴𝑒 = Effective sectional area 

As there are no holes in the circular hollow section (pipe) greater than that required for 

fasteners, the effective sectional area shall be taken as the gross sectional from. 

∴ 𝐴𝑒 = 𝐴𝑔  

∴ 𝐴𝑒 = 19905 𝑚𝑚2        (Spacegass output) 

∴ 𝜙𝑉𝑤 = 0.9 × 0.36 × 250 × 19905  

∴ 𝜙𝑉𝑤 = 1612𝑘𝑁 > 𝑉∗(173𝑘𝑁)  

 

 

12.1.2 HEADSTOCK 
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12.1.2.1 GEOMETRY  

In order to ensure an adequate connection between the pipe cradle and the headstock, Figure 

206 demonstrates the geometry that was implemented. 

 

 

 

 

 

Figure 206: Geometry of the Headstock for the Service Bridge 

12.1.2.2 DESIGN LOADS 

The reaction obtained from the Spacegass output for the pipe analysis is 320kN. This was then 

divided by the length of the headstock to obtain a uniformly distributed load over the 

headstock, as follows, 

𝑈𝐷𝐿 =
320

0.9
= 356𝑘𝑁/𝑚 

Therefore the design bending moment was determined as follows,  

𝑀∗ = 0.1 × 356 × 0.92 = 37𝑘𝑁𝑚 

𝑉∗ = 0.5 × 356 × 0.9 = 160𝑘𝑁 

12.1.2.3 HEADSTOCK DESIGN  

Minimum steel required  

Bar size = N12        (Assumed) 

Cover = 30mm        (AS3600 T4.10.3.2) 

Depth of Slab = 500mm       

𝑑 = 𝐷 − 𝑐𝑜𝑣𝑒𝑟 −
1

2
 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 500 − 30 − (0.5 × 12) 

∴ 𝑑 = 464𝑚𝑚 

      

500mm 

900mm 

350mm 
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𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.20 × (
𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑤𝑑     (AS3600 Cl 8.1.6.1) 

𝑓′𝑐𝑡.𝑓 = 0.6√𝑓′𝑐       (AS3600 Cl 3.1.1.3) 

𝑓′𝑐𝑡.𝑓 = 0.6√40 = 3.79 𝑀𝑃𝑎 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.20 × (
500

464
)
2

× 
3.79

500
× 350 × 464 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 286 𝑚𝑚2 

Therefore the minimum steel required is 3 N12 bars (330mm2).  

Design for Bending  

M* = 37 kNm 

Bar size = N16        (Assumed)  

Depth of Slab = 500mm       

d = 464mm 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝜙
 

∴ 𝑀𝑢 ≥
37

0.8
 

∴ 𝑀𝑢 ≥  46 𝑘𝑁𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.85𝑑 (𝑓𝑜𝑟 𝑏𝑒𝑎𝑚𝑠) 

𝑍𝑢 = 0.85 ×
464

1000
 

𝑍𝑢 = 0.39𝑚 

∴ 𝑇 =
46

0.39
 

∴ 𝑇 = 118 𝑘𝑁 
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𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

Where, 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
118 × 103

500
 

∴ 𝐴𝑠𝑡 = 236 𝑚𝑚2 

As Ast,min > Ast , the minimum area of steel reinforcement governs for the design. For the design 

of the headstock 3 N16 bars (600mm2) will be analysed for their performance.  

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 600 

𝑇 = 300 𝑘𝑁 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
  

Where,  

𝛼2 = 1.0 − 0.003𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛  0.67 ≤ 𝛼2 ≤ 0.85)   (AS3600 Cl 8.1.3(1)) 

𝛼2 = 1.0 − (0.003 × 40) 

𝛼2 = 0.88 

∴ 𝛼2 = 0.85 

𝛾 = 1.05 − 0.007𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.67 ≤ 𝛾 ≤ 0.85)   (AS3600 Cl 8.1.3(2)) 

𝛾 = 1.05 − (0.007 × 40) 

∴ 𝛾 = 0.77 

 

∴ 𝑘𝑢 = 
300 × 103

0.85 × 40 × 350 × 0.77 × 464
 

𝑘𝑢 = 0.071 < 0.36 

Therefore Ductile. 
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𝜙𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 300(464 − 0.5 × 0.77 × 0.071 × 464) 

∴ 𝜙𝑀𝑢 = 108 𝑘𝑁𝑚 > 𝑀∗(37 𝑘𝑁𝑚)  

Therefore adequate, so adopt 3 N16 bars. 

Design for Shear 

 𝑉∗ ≤ 𝜙𝑉𝑢 

Where, 

𝑉𝑢 = 𝜙𝑉𝑢𝑐 + 𝜙𝑉𝑢𝑠 

Where,  

Vuc = Shear strength contribution of the concrete  

Vus = Shear strength contribution of the shear reinforcement  

φ = Shear capacity reduction factor = 0.7    (AS3600 T 2.2.2(e)) 

Shear Capacity due to Concrete  

𝜙𝑉𝑢𝑐 = 𝜙𝛽1𝛽2𝛽3𝑏𝑣𝑑𝑜𝑓𝑐𝑣 (
𝐴𝑠𝑡

𝑏𝑣𝑑𝑜
)

1

3
      (AS3600 Cl 8.2.7.1) 

Where, 

𝑑0 = 𝑑𝑒𝑝𝑡ℎ − 𝑐𝑜𝑣𝑒𝑟 − 𝐿𝑖𝑔 𝐷𝑖𝑎 −
𝐵𝑎𝑟 𝐷𝑖𝑎

2
 

= 500 − 30 − 12 −
16

2
 

= 450𝑚𝑚 

𝛽1 = 1.1 (1.6 −
𝑑0

1000
) ≥ 1.1 

= 1.1 (1.6 −
450

1000
) 

= 1.27 
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𝛽2 = 𝛽3 = 1 

𝑏𝑣 = 350 𝑚𝑚 

𝑓𝑐𝑣 = (𝑓′𝑐)
1
3 ≤ 4𝑀𝑃𝑎 

 =  (40)
1
3 

 =  3.42 

𝐴𝑠𝑡 = 600𝑚𝑚2  

∴ 𝜙𝑉𝑢𝑐 = 0.7 × 1.27 × 1 × 1 × 350 × 450 × 3.42 (
600

350 × 450
)

1
3
 

∴ 𝜙𝑉𝑢𝑐 = 75 𝑘𝑁 < 𝑉∗(160𝑘𝑁) 

Therefore the concrete does not have sufficient capacity to resist the resultant shear force, 

hence shear reinforcement is required.  

𝑉𝑢,𝑚𝑖𝑛 = 𝑉𝑢𝑐 + 0.10√𝑓′
𝑐
𝑏𝑣𝑑𝑜 ≥ 𝑉𝑢𝑐 + 0.6𝑏𝑣𝑑𝑜    (AS3600 Cl8.2.9) 

∴ 𝑉𝑢𝑐 + 0.10√𝑓′
𝑐
𝑏𝑣𝑑𝑜 = 107 + 0.10√40 × 350 × 450 = 207𝑘𝑁 

∴ 𝑉𝑢𝑐 + 0.6𝑏𝑣𝑑𝑜 = 107 + 0.60 × 350 × 450 = 202𝑘𝑁 

∴ 𝑉𝑢,𝑚𝑖𝑛 = 207𝑘𝑁 

Therefore minimum shear reinforcement shall be applied. 

𝐴𝑠𝑣,𝑚𝑖𝑛 = 0.06√𝑓′
𝑐
𝑏𝑣𝑠/𝑓𝑠𝑦.𝑓 ≥ 0.35𝑏𝑣𝑠/𝑓𝑠𝑦.𝑓    (AS3600 Cl8.2.8) 

The maximum longitudinal spacing of shear reinforcement is 0.5D or 300mm, whichever is 

less. As the depth of the headstock is 500mm, the maximum spacing of shear reinforcement 

is 250mm. 

∴
0.06√𝑓′

𝑐
𝑏𝑣𝑠

𝑓𝑠𝑦.𝑓
=

0.06√40 × 350 × 250

500
= 67𝑚𝑚2 

∴
0.35𝑏𝑣𝑠

𝑓𝑠𝑦.𝑓
=

0.35 × 350 × 250

500
= 61𝑚𝑚2 

Therefore one closed 12mm ligature will be used as shear reinforcement, with a steel area 

of 220mm2. 
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12.1.3 COLUMNS 

12.1.3.1 DESIGN LOADS 

Applied load on headstock 

356kN/m        (Headstock design loads) 

Wind Load on Column 

∴ 𝑝 = 1.55𝑘𝑃𝑎       (Pipe structure design loads) 

∴ 𝑤𝑤 = 1.55 × 0.35 = 0.54𝑘𝑁/𝑚 
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12.1.3.2 SPACEGASS INPUT 

 

 

 

 

 

 

 

 

Figure 207: Spacegass Input for Column of the Services Bridge 

Notes: 

- Column (350mm diameter)  

- Headstock (500mm (H) x 350 mm (D))  

- Support reaction is fixed (FFFFFF) 

- Column has a pin connection to the headstock (FFFFRR).  

- Compressive strength of concrete (𝑓𝑐′) is 40 MPa  

  

900mm 

7500mm 
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12.1.3.3 SPACEGASS OUTPUT  

 

Figure 208: Bending Moment and Axial Load for Column of the Services Bridge 
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12.1.3.4 COLUMN DESIGN  

12.1.3.4.1 SPACEGASS INPUT 

The design for the column was then completed in Spacegass by entering the required 

information. The effective length factors were adjusted to 0.85 to resemble a braced column 

with a fixed connection at the bottom of the member, and a pin connection at the top. This 

was determined in accordance with AS3600 F10.5.3 (A).  Figure 209 displays the information 

that was entered into Spacegass for the column design. 

 

 

Figure 209: SpaceGass Input for Column Design, with the Resultant Cross Section 

 

12.1.3.4.2 SPACEGASS OUTPUT 
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The Spacegass output can be observed in Figure 210, with the column having sufficient 

structural capacity to withstand the critical applied loading. It must be noted that the critical 

actions observed are an axial load of 341kN and a bending moment of 42kNm. The 

reinforcement within the column design also adheres to the reinforcement requirements for 

columns for strength and shear, as stated in AS3600 section 10.7.  

 

Figure 210: Axial Load - Moment Diagram for the Column 

12.1.3.4.3 LAP LENGTH FOR BARS IN TENSION 

The tensile lap length is given by, 

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 𝑘7𝐿𝑠𝑦.𝑡 ≥ 29𝑘1𝑑𝑏       (AS3600 Cl 13.2.2) 

Where,  

𝑘7 = 1.25          (AS3600 Cl 13.2.2) 

𝐿𝑠𝑦.𝑡 = Development length  

The development length shall be taken as the basic development length given by,  

𝐿𝑠𝑦.𝑡𝑏 =
0.5𝑘1𝑘3𝑓𝑠𝑦𝑑𝑏

𝑘2√𝑓′𝑐
≥ 29𝑘1𝑑𝑏     (AS3600 Cl 13.1.2.2) 
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As 𝐿𝑠𝑦.𝑡 is calculated for the use in equation 13.2.2, the lower limit of 29𝑘1𝑑𝑏 does not apply 

within equation 13.1.2.2) 

𝑓𝑠𝑦 = 500𝑀𝑃𝑎 

𝑑𝑏 = 20𝑚𝑚   

𝑓′𝑐 = 32𝑀𝑃𝑎 

𝑘1 = 1 

𝑘2 =
(132 − 𝑑𝑏)

100
 

      =
(132 − 20)

100
 

      = 1.12 

𝑘3 = 1.0 − 0.15 ×
(𝑐𝑑 − 𝑑𝑏)

𝑑𝑏
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.7 ≤ 𝑘3 ≤ 1) 

 Cd = cover = 45 (Cover will be less than half of the bar spacing) (AS3600 Fig. 13.1.2.3(Aii)) 

𝑘3 = 1.0 − 0.15 ×
(45 − 20)

20
 

𝑘3 = 0.81 

𝐿𝑠𝑦.𝑡𝑏 =
0.5 × 1 × 0.81 × 500 × 20

1.12 × √32
 

𝐿𝑠𝑦.𝑡𝑏 = 639𝑚𝑚 

Therefore, the lap splices for bars in tension can be determined,  

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 1.25 × 639 

∴ 𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 798𝑚𝑚 

29𝑘1𝑑𝑏 = 29 × 1 × 20 

∴ 29𝑘1𝑑𝑏 = 580𝑚𝑚 

Therefore, the lap length for the bars in tension is taken as 850mm to account for 

constructability. 

12.1.3.4.4 LAP LENGTH FOR TENSION BARS WITH A STANDARD COG 
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The tension reinforcement within the landings will require a standard cog, to allow and 

adequate connection to the wall. The tensile lap length for a standard cog is given by, 

0.5𝐿𝑠𝑦.𝑡.                                    (AS3600 F13.1.2.6) 

0.5𝐿𝑠𝑦.𝑡. = 0.5 × 850 = 425𝑚𝑚 

Therefore, the lap length for the standard cog bars is taken as 450mm to account for 

constructability. 

 TUNNEL BRIDGE 

The bridge spanning over the Torrens River will be subjected to various design loads. To obtain 

appropriate values, the structural department closely adhered the bridge design standards 

(AS5100), namely parts 2 and 5. The concrete structures standard (AS3600) was also used. 

12.2.1 DESIGN LOAD CALCULATIONS FOR SUPERIMPOSED DEAD LOADS 

12.2.1.1 GREEN WALL CALCULATION 

Upon collaboration with the E8 Environmental Department, it was determined that the green 

wall will be acting upon the Eastern and Western walls. A conservative value for the weight 

was taken to be as follows: 

𝐺𝑟𝑒𝑒𝑛 𝑊𝑎𝑙𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 = 102
𝑘𝑔

𝑚2
= 1𝑘𝑃𝑎 

For modelling purposes, the Green wall will be calculated as a point load. 

𝐺𝑟𝑒𝑒𝑛 𝑊𝑎𝑙𝑙 𝐹𝑜𝑟𝑐𝑒 = 1𝑘𝑃𝑎 ∗ ℎ𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑟𝑖𝑑𝑔𝑒 ∗ 𝑙𝑜𝑎𝑑 𝑤𝑖𝑑𝑡ℎ 

Where, 

𝐿𝑜𝑎𝑑 𝑊𝑖𝑑𝑡ℎ = 1 + 1 = 2𝑚 

𝐵𝑟𝑖𝑑𝑔𝑒 𝐻𝑒𝑖𝑔ℎ𝑡 = 7𝑚  

∴ 𝐺𝑟𝑒𝑒𝑛 𝑊𝑎𝑙𝑙 𝐹𝑜𝑟𝑐𝑒 = 1 ∗ 7 ∗ 2 

                                         = 𝟏𝟒 𝒌𝑵  

12.2.1.2 PEDESTRIAN BRIDGE BARRIERS 
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The barrier will exert an approximately Uniformly Distributed Load (UDL) on the edge of the 

top slab. For design loading purposes, the minimum dimensions specified in AS5100-2004 will 

be used in conjunction with some conservative assumptions.  

𝐵𝑎𝑟𝑟𝑖𝑒𝑟 ℎ𝑒𝑖𝑔ℎ𝑡 = 1.3𝑚   (Clause 12.1, AS5100.1) 

𝐵𝑎𝑟𝑟𝑖𝑒𝑟 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 = 0.02𝑚  (Assumed) 

 

𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒 𝐴𝑟𝑒𝑎 = 1.3 ∗ 0.02 = 0.026 𝑚2 

𝑆𝑡𝑒𝑒𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 = 76.9 𝑘𝑁/𝑚3   (Table A1, AS1170.1) 

 

∴ 𝐵𝑎𝑟𝑟𝑖𝑒𝑟 𝑈𝐷𝐿 = 76.9 ∗ 0.026 

                              = 2 𝑘𝑁/𝑚 

 

It is noted that this value is quite large, however, from a design perspective it is beneficial to 

be conservative as it can allow for services such as light poles etc. or any other superimposed 

dead loads that may be applied to the bridge 

12.2.1.3 SOLAR PANEL PAVEMENT 

The solar panels will also be exerting a SDL on the pedestrian walkway slab. The weight of the 

solar panels, provided by the the Urban Planning department is as follows: 

𝑆𝑜𝑙𝑎𝑟 𝑃𝑎𝑛𝑒𝑙 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 134.9𝑘𝑔/𝑚2 ≈ 1.32 𝑘𝑃𝑎 

 

𝑆𝑜𝑙𝑎𝑟 𝑃𝑎𝑛𝑒𝑙 𝑈𝐷𝐿 =  𝑃𝑒𝑠𝑠𝑢𝑟𝑒 ∗ 𝐿𝑜𝑎𝑑 𝑊𝑖𝑑𝑡ℎ 

                                   = 1.32 ∗ 2 

                                   = 2.34 𝑘𝑁/𝑚 

12.2.2 DESIGN LOAD CALCULATIONS FOR LIVE LOADS 

12.2.2.1 PEDESTRIAN LOADING 

In regards to the top slab, the main type of loading will be attributed to pedestrians and 

cyclists who will be regularly utilising the intersection over the river. Regarding the base slab, 
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the main pedestrian live loading will be exerted in the egress corridor area in the case of an 

emergency. Figure 211 represents the appropriate graph for calculating the pedestrian loads.  

 

 

Figure 211: Pedestrian Load Intensity Graph 

It was determined that the pedestrian bridge is attached to the roadway. The calculations are 

as follows: 

 

𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒 𝑊𝑖𝑑𝑡ℎ = 9.8𝑚 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝐵𝑟𝑖𝑑𝑔𝑒    = 78𝑚 

𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑒 𝐴𝑟𝑒𝑎   = 78 ∗ 9.8 

                                          = 764𝑚2  

 

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 = 2 𝑘𝑃𝑎  (Figure 211)  

 𝐿𝑜𝑎𝑑 𝑊𝑖𝑑𝑡ℎ = 2𝑚 

∴ 𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (𝑈𝐷𝐿) = 2 ∗ 2 

                                                           = 4 𝑘𝑁/𝑚 

The calculations for the egress corridor are as follows: 
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𝐶𝑜𝑟𝑟𝑖𝑑𝑜𝑟 𝐿𝑒𝑛𝑔𝑡ℎ = 1.5 𝑚 

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝐵𝑟𝑖𝑑𝑔𝑒 = 78𝑚 

𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝐴𝑟𝑒𝑎 = 78 ∗ 1.5 = 117 𝑚2 

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 = 4 𝑘𝑃𝑎  (Figure 211) 

 𝐿𝑜𝑎𝑑 𝑊𝑖𝑑𝑡ℎ = 2𝑚 

∴ 𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 (𝑈𝐷𝐿) = 4 ∗ 2 

                                                           = 8 𝑘𝑁/𝑚 

 

Allowances should also be made for light vehicles to mount the walkway (i.e. a farm tractor) 

for service purposes. This will be applied as a point load at the location of the critical bending 

moment.   

 

𝐿𝑖𝑔ℎ𝑡 𝑉𝑒ℎ𝑖𝑐𝑙𝑒 𝐿𝑜𝑎𝑑 = 20 𝑘𝑁  (Clause 7.1 – AS5100.2) 

12.2.2.2 VEHICLE LOADING  

The type of bus that will be analysed for design load purposes will be a Scania K360UA. The 

bus has three axles (2 wheels per axle) with varying loads on each axle. For conservative 

purposes, the worst-case scenario of full capacity is assumed. The relevant forces and other 

bus dimensions, obtained by ACT Bus (2012), are indicated in Table 161 and  

 

 

Table 162 below.  

Table 161: Scania Axle Forces 

Axle Type Force on Axle (kN) Force per Wheel (kN) 

Front 70 35 

Centre 100 50 

Rear 118 59 
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Table 162: Scania Bus Dimensions 

Dimension Length (m) 

Front Axle to Centre Axle 5.25 

Front Axle to Rear Axle 11.9 

Width Between Wheels 2.5 

12.2.2.3 WIND LOADING  

As per AS1170.2 Section 2, the procedure for determining wind actions (𝑊) on structures 

and elements of structures or buildings shall be as follows: 

12.2.2.3.1 SITE WIND SPEEDS 

The following formula is provided in order to determine the site wind speed in accordance 

with AS1170.2, Clause 2.2. 

𝑉𝑠𝑖𝑡,𝛽 = 𝑉𝑅 𝑀𝑑(𝑀𝑧,𝑐𝑎𝑡 𝑀𝑠 𝑀𝑡)       

12.2.2.3.1.1 REGIONAL WIND SPEED (𝑉𝑅)    

𝐴𝑑𝑒𝑙𝑎𝑖𝑑𝑒 𝑅𝑒𝑔𝑖𝑜𝑛 = 𝐴1    (Figure 3.1 (A), AS1170.2) 

 

The consequences of failure for the tunnel structure across the River Torrens is deemed to be 

high. There can be a potential loss of human life or very great economic, social or 

environmental consequences. 

∴ 𝐼𝑚𝑝𝑜𝑟𝑡𝑎𝑛𝑐𝑒 𝐿𝑒𝑣𝑒𝑙 = 3     (Table 3.1, AS1170.2) 

 

Furthermore, the design working life is to be 100 years of more, which is reiterated by the 

Austroads Guide to Road tunnels Part 2: Planning, Design and Commissioning.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝐸𝑥𝑐𝑒𝑒𝑑𝑒𝑛𝑐𝑒 = 1
2500⁄   (Table 3.3, AS1170.2) 
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∴ Regional Wind Speed (𝑉𝑅) = 48 𝑚 𝑠⁄  

12.2.2.3.1.2 WIND DIRECTION MULTIPLIER (𝑀𝑑)    

Based on Table 3.2 from AS1170.2, the Wind Direction Multiplier is summarised in Table 163 

below for each cardinal direction. 

Table 163: Wind Direction Multiplier for Tunnel over River Torrens 

Region A1 Cardinal Direction 

0.90 N 

0.80 NE 

0.80 E 

0.80 SE 

0.85 S 

0.95 SW 

1.00 W 

0.95 NW 

12.2.2.3.1.3 TERRAIN / HEIGHT MULTIPLIER (𝑀𝑧,𝑐𝑎𝑡)    

Focusing on the terrain located at the site on Hackney Road, Adelaide, it is evident from 

observations that for the cardinal directions S, SW, W and NW, that the terrain is considered 

to be open parklands with a great number of vegetation. As stated in AS1170.2, Clause 4.2.1 

– Selection of the terrain category shall be made with due regard to the permanence of the 

obstructions that constitute the surface roughness. In particular, vegetation shall not be relied 

upon to maintain surface roughness during high wind events.  

 

Taken this into consideration, the terrain category selected for the cardinal directions of S, 

SW, W and NW which accurately reflects a surface roughness area of parklands with a great 

number of vegetation is Terrain Category 2.5 (TC 2.5). The terrain height multipliers for this 

category shall be obtained through linear interpolation between the values for TC2 and TC3 
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which is found in AS1170.2, Table 4.1 – Terrain / Height multipliers for Gust Wind Speeds in 

Fully Developed Terrains – All Regions. 

∴ 𝑀𝑧,𝑐𝑎𝑡 𝑆, 𝑆𝑊,𝑊,𝑁𝑊 = 0.89 

 

When looking at the cardinal directions N, NE, E, SE, it is clear that there are several buildings 

or obstructions which can be categorized as businesses and residential properties which 

represent a suburban area. Therefore the terrain category which accurately depicts this 

description is Terrain Category 3 (TC3).  

∴ 𝑀𝑧,𝑐𝑎𝑡 𝑁, 𝑁𝐸, 𝐸, 𝑆𝐸 = 0.83      (Table 4.1, AS1170.2) 

12.2.2.3.1.4 SHIELDING MULTIPLIER (𝑀𝑠)    

It is noted that only buildings or structures the same size or larger than the design tunnel 

structure can act as a shielding parameter. Therefore, it is evident looking at the surrounding 

cardinal directions in reference to the tunnel structure, that there is no adequate shielding 

buildings or structures that meet this requirement. This is due to the upwind distance to 

buildings and structures being greater than the specified shielding distance based on the 

tunnel structures height. Also the parklands space with trees and vegetation do not provide 

adequate shielding for the tunnel. 

∴ 𝑀𝑠 = 1.0        (Clause 4.3.1, AS1170.2) 

12.2.2.3.1.5 TOPOGRAPHIC MULTIPLIER (𝑀𝑡)    

AS1170.2, Clause 4.4.1 (b) states that the topographic multiplier shall be taken as elsewhere, 

where the larger value of the following equations is taken due to the site of the tunnel 

structure on Hackney Road, Adelaide, not being situated in either New Zealand or Tasmania.  

i) 𝑀𝑡 = 𝑀ℎ 

ii) 𝑀𝑡 = 𝑀𝑙𝑒𝑒 

 

12.2.2.3.1.6 HILL SHAPE MULTIPLIER (𝑀ℎ) 

The tunnel is situated over the Torrens River, Therefore: 

𝑇𝑜𝑝𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐 𝐶𝑟𝑜𝑠𝑠 𝑆𝑒𝑐𝑡𝑖𝑜𝑛 = 𝐸𝑠𝑐𝑎𝑟𝑝𝑒𝑚𝑒𝑛𝑡   (Clause 4.4.2, AS1170.2) 
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Considering all 8 cardinal directions,  

∴ 𝑀ℎ = 1.0 

12.2.2.3.1.7 MOUNTAIN RANGES MULTIPLIER (𝑀𝑙𝑒𝑒) 

No lee zones have been identified in Australia.  

∴ 𝑀𝑙𝑒𝑒 = 1.0 𝑓𝑜𝑟 𝐴𝑢𝑠𝑡𝑟𝑎𝑙𝑖𝑎    (Clause 4.4.3, AS1170.2) 

 

Therefore, we can analyse the two equations for the topographic in order to determine the 

appropriate multiplier. 

𝑀𝑡 = 𝑀ℎ 

∴ 𝑀𝑡 = 1.0 

𝑀𝑡 = 𝑀𝑙𝑒𝑒 

∴ 𝑀𝑡 = 1.0 

As both equations are equal to each other, we can accurately confirm that the topographic 

multiplier can be taken as 1.0.  Table 164 displays the site wind speeds from the 8 cardinal 

directions being considered for the tunnel structure, as stated in AS1170.2, Clause 2.2. 

Table 164: Site Wind Speeds for the 8 Cardinal Directions 

Direction N NE E SE S SW W NW 

𝑽𝑹 (m/s) 48 48 48 48 48 48 48 48 

𝑴𝒅 0.90 0.80 0.80 0.80 0.85 0.95 1 0.95 

𝑴𝒛,𝒄𝒂𝒕  0.83 0.83 0.83 0.83 0.89 0.89 0.89 0.89 

𝑴𝒔 1 1 1 1 1 1 1 1 

𝑴𝒕 1 1 1 1 1 1 1 1 

𝑽𝒔𝒊𝒕,𝜷(m/s) 35.9 31.9 31.9 31.9 36.3 40.6 42.7 40.6 

 

12.2.2.3.2 DESIGN WIND SPEED 

In reference to Figure 2.2 in AS1170.2, it was accurately determined that the tunnel structures 

orthogonal axes aligned with the cardinal directions.   
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∴ 𝑉𝑑𝑒𝑠,𝜃 = 𝑉𝑠𝑖𝑡,𝛽 

Therefore from the 8 cardinal directions considered for the site wind speeds, the maximum 

value was determined coming from a westerly direction.  

∴ 𝑉𝑑𝑒𝑠,𝜃 = 42.7 𝑚 𝑠⁄  

12.2.2.3.3 DESIGN WIND PRESSURES 

To determine the design wind pressures in accordance with AS1170.2, Clause 2.4.1, the 

following equation is used. 

𝑝 = (0.5 𝜌𝑎𝑖𝑟 ) 𝑉𝑑𝑒𝑠,𝜃 2𝐶𝑓𝑖𝑔𝐶𝑑𝑦𝑛 

Where, 

𝜌𝑎𝑖𝑟 = 1.2 𝑘𝑔/𝑚3 

𝑉𝑑𝑒𝑠,𝜃 = 48 𝑚/𝑠 

 

In order to evaluate the aerodynamic shape factor for specific surfaces or parts of the tunnel 

structure, AS1170.2, Clauses 5.2 (1) and 5.2 (2) shall be followed as they refer to enclosed 

buildings or structures which is applicable to the tunnel structure.  

𝐶𝑓𝑖𝑔 = 𝐶𝑝,𝑖 𝑘𝑐,𝑖 

 

12.2.2.3.3.1 INTERNAL PRESSURE COEFFICIENT (𝐶𝑝,𝑖 ) 

Aerodynamic shape factors for internal pressures shall be determined from AS1170.2, Table 

5.1. The tunnel represents a building effectively sealed and having non opening windows. 

∴ 𝐶𝑝,𝑖 = 0 

12.2.2.3.3.2 COMBINATION FACTOR APPLIED TO INTERNAL PRESSURES (𝑘𝑐,𝑖) 

Combination factors are used to find actions where pressures on two or more separate 

surfaces are combined. The design case that applies to our tunnel structure is 3 effective 

surfaces. This dictates that pressures will act from windward and leeward walls in 

combination with roof pressures. 
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∴ 𝑘𝑐,𝑖 = 1.0        (Table 5.5, AS1170.2) 

The following calculation found below is the internal pressures acting upon the tunnel 

structure in accordance with AS1170.2, Clause 5.2 (1). 

𝐶𝑓𝑖𝑔 = 𝐶𝑝,𝑖 𝑘𝑐,𝑖 

∴ 𝐶𝑓𝑖𝑔 = 0(1) 

∴ 𝐶𝑓𝑖𝑔 = 0 𝑃𝑎 

12.2.2.3.3.3 EXTERNAL PRESSURES 

𝐶𝑓𝑖𝑔 = 𝐶𝑝,𝑒 𝑘𝑎𝑘𝑐𝐾𝑙𝐾𝑝. 

12.2.2.3.3.4 EXTERNAL PRESSURE COEFFICIENT (𝐶𝑝,𝑒) 

Windward Wall 

As we know the height of our tunnel structure to be 7 m, this effectively narrowed down the 

pressure coefficients to either structures on the ground or elevated as it fell with the category 

of ≤ 25 𝑚. As the tunnel is being built above the River Torrens, it is therefore a structure that 

is elevated resulting in an external pressure coefficient as stated below. 

∴ 𝐶𝑝,𝑒 𝑊𝑖𝑛𝑑𝑤𝑎𝑟𝑑 = 0.8       (Table 5.2 (A), AS1170.2) 

Leeward Wall 

In order to determine the external pressure coefficient for the leeward wall, need to 

determine where the 𝑑 𝑏⁄  ratio fell within the values given in AS1170.2, Table 5.2 (B). 

 

𝑅𝑜𝑜𝑓 𝑃𝑖𝑡𝑐ℎ (𝛼) = 0°  (Due to design being a flat surface) 

∴  𝛼 < 10° 

𝐷𝑒𝑝𝑡ℎ (𝑑) = 10.72 𝑚 

𝐵𝑟𝑒𝑎𝑑𝑡ℎ (𝑏) = 78 𝑚 

∴ 𝑑
𝑏⁄ = 10.72

78⁄  

∴ 𝑑
𝑏⁄ = 0.14 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 544 | 708 

Version 2.0 

∴ 𝑑
𝑏⁄ ≤ 1 

 

∴ 𝐶𝑝,𝑒 𝐿𝑒𝑒𝑤𝑎𝑟𝑑 = −0.5 

Roof / Ceiling 

As stated previously, the roof pitch is 0° for which this particular roof is designed for. In order 

to determine the external pressure coefficient for the roof, the ℎ 𝑑⁄  ratio is needed. When 

looking at the horizontal distances from the windward edge of the roof, only the following 

cases stated below will need to be considered as some of the scenarios span a distance that 

is longer than the horizontal distance found on the design of the tunnel structure.  

𝐻𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑇𝑢𝑛𝑛𝑒𝑙 (ℎ) = 7 𝑚 

𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝐷𝑖𝑠𝑡𝑛𝑎𝑐𝑒 𝑓𝑟𝑜𝑚 𝑊𝑖𝑛𝑑𝑤𝑎𝑟𝑑 𝑒𝑑𝑔𝑒 𝑜𝑓 𝑅𝑜𝑜𝑓 ≤ 9.8 𝑚 

∴ (0 𝑡𝑜 0.5 ℎ) = 0.5(7) = 3.5 𝑚  

∴ (0.5 𝑡𝑜 1 ℎ) = 1(7) = 7 𝑚 

∴ (1ℎ 𝑡𝑜 2 ℎ) = 1.4(7) = 9.8 𝑚 

Therefore the only horizontal distances from the windward edge of roof are the 3 outlined 

above.  

𝐻𝑒𝑖𝑔ℎ𝑡 (𝐻) = 7 𝑚 

 

𝐷𝑒𝑝𝑡ℎ (𝑑) = 9.8 𝑚 

∴ ℎ
𝑑⁄ = 7

9.8⁄  

∴ ℎ
𝑑⁄ = 0.7 

 ∴ 0.5 ≤ ℎ
𝑑⁄ ≤ 1 

 

As the ℎ 𝑑⁄  ratio falls between 0.5 and 1, linear interpolation is required for the most critical 

values stated in AS1170.2, Table 5.3 (A). The interpolated values for the different values can 

be observed below.  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 545 | 708 

Version 2.0 

(0 𝑡𝑜 0.5 ℎ) ⇒  𝐶𝑝,𝑒 = −1.1  

(0.5 𝑡𝑜 1 ℎ) ⇒  𝐶𝑝,𝑒 = −0.8 

(1ℎ 𝑡𝑜 2 ℎ) ⇒  𝐶𝑝,𝑒 = −0.6 

 

12.2.2.3.3.5 AREA REDUCTION FACTOR (𝐾𝑎) 

As stated in As1170.2, Clause 5.4.2 – For roofs and sidewalls, the area reduction factor shall 

be given in Table 5.4. For all other cases, area reduction factor shall be taken as 1.0.  

To determine the area reduction factor, we must calculate the tributary area. This is the area 

contributing to the force being considered. Therefore we are looking at the tributary area of 

the roof of the tunnel structure.  

𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝐴𝑟𝑒𝑎 (𝐴) = 𝑑 × 𝑏 

𝑑 = 9.8 𝑚 

𝑏 = 78 𝑚 

∴ 𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝐴𝑟𝑒𝑎 (𝐴) = 9.8 × 78 

∴ 𝑇𝑟𝑖𝑏𝑢𝑡𝑎𝑟𝑦 𝐴𝑟𝑒𝑎 (𝐴) = 774.4 = 774 𝑚2 

∴ 𝐾𝑎 = 0.8        (Table 5.4, AS1170.2) 

12.2.2.3.3.6 ACTION COMBINATION FACTOR (𝐾𝑐,𝑒) 

Referring to AS1170.2, Clause 5.4.3, it states that where pressures on three or more 

contributing surfaces act together in combination to produce a structural action effect, the 

action combination factor may be taken as 0.8. 

∴ 𝐾𝑐,𝑒 = 0.8 

12.2.2.3.3.7 LOCAL PRESSURE FACTOR FOR CLADDING (𝐾𝑙) 

There is no cladding on this specific structure 

∴ 𝐾𝑙 = 1.0         (Clause 5.4.4, AS1170.2) 

12.2.2.3.3.8 PERMEABLE CLADDING REDUCTION FACTOR (𝐾𝑝) 

No permeable cladding on the tunnel 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 546 | 708 

Version 2.0 

∴ 𝐾𝑝 = 1.0        (Clause 5.4.5, AS1170.2 

12.2.2.3.3.9 AERODYNAMIC SHAPE FACTOR 

𝐶𝑓𝑖𝑔 = 𝐶𝑝,𝑒 𝑘𝑎𝑘𝑐𝐾𝑙𝐾𝑝       (Clause 5.2.2, AS 1170.2) 

  

Table 165: Aerodynamic Shape Factor for Individual Components 

 𝑪𝒑,𝒆  𝒌𝒂 𝒌𝒄 𝑲𝒍 𝑲𝒑 𝑪𝒇𝒊𝒈 

Walls 

Windward 0.8 0.8 0.8 1 1 0.51 

Leeward -0.5 0.8 0.8 1 1 -0.32 

Roof 

0 to 0.5h -1.1 0.8 0.8 1 1 -0.70 

0.5 to 1h -0.8 0.8 0.8 1 1 -0.51 

1h to 2h -0.6 0.8 0.8 1 1 -0.38 

 

12.2.2.3.3.10 DYNAMIC RESPONSE FACTOR (𝐶𝑑𝑦𝑛) 

𝐶𝑑𝑦𝑛 = 1.0        (Clause 6.1, AS1170.2) 

The following calculations found below are design wind pressures acting upon the tunnel 

structures surfaces in accordance with As1170.2, Clause 2.4 (1). 

12.2.2.3.3.11 DESIGN WIND PRESSURES  

𝑝 = (0.5 𝑝𝑎𝑖𝑟) 𝑉𝑑𝑒𝑠,𝜃 2𝐶𝑓𝑖𝑔𝐶𝑑𝑦𝑛      (Clause 2.4, AS1170.2) 

Table 166: Design Wind Pressures for Individual Components 

 𝒑𝒂𝒊𝒓 𝑽𝒅𝒆𝒔,𝜽 𝑪𝒇𝒊𝒈 𝑪𝒅𝒚𝒏 𝑷(𝒌𝑷𝒂) 

Walls 

Windward 
1.2 42.7 

0.51 1 0.56 

Leeward -0.32 1 -0.35 
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Roof 

0 to 0.5h 

1.2 42.7 

-0.7 1 -0.77 

0.5 to 1h -0.51 1 -0.56 

1h to 2h -0.38 1 -0.42 

 

12.2.2.3.4 PRESSURE DIAGRAMS 

Found below are the pressure diagrams which represent the vector additions that are present 

between the internal and external pressures acting on the tunnel structure. 

  

Figure 212: Cross Section Displaying the Design Wind Pressure 

12.2.2.3.5 WIND ACTIONS 

In accordance with AS1170.2, Clause 2.5.1 – Wind actions (𝑤𝑢) for use in AS/NZS 1170.0 shall 

be determined as given in clauses 2.5.2 to 2.5.4. The formula for Wu is as follows:  

𝑊𝑢 = 𝑝 × 𝐿𝑜𝑎𝑑 𝑊𝑖𝑑𝑡ℎ 

 

 

 

0.77 kPa 
0.56 kPa 

0.42 kPa 

0.35 kPa 0.56 kPa 
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Table 167: Design Wind Pressures for Individual Components 

 𝑷(𝒌𝑷𝒂) 𝑳𝒐𝒂𝒅 𝑾𝒊𝒅𝒕𝒉 (𝒎) 𝑾𝒖(𝒌𝑵/𝒎) 

Walls 

Windward 0.56 
2 

1.12 

Leeward -0.35 -0.70 

Roof 

0 to 0.5h -0.77 

2 

-1.53 

0.5 to 1h -0.58 -1.12 

1h to 2h -0.42 -0.83 

12.2.3 SPACEGASS INPUT 

In the SpaceGass software package, the enclosed bridge was modelled as a concrete strut 

system to simulate the internal compression in the concrete walls. It should be noted that the 

extra density of the concrete bus kerb is non-structural and will not be modelled. Likewise, 

the speed panel is non-load bearing and was not included in this model. The following figures 

provide a visual representation of the bridge and the relevant dimensions that were inputted 

into SpaceGass. Please note that these diagrams are indicative and are not drawn to scale. 

Figure 213 and Figure 214 detail the outbound and inbound bridge entrances respectively.  
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Figure 213: Outbound Bridge Entrance Cross-Section 

 

Figure 214: Inbound Bridge Entrance Cross-Section 

 

Notes:  

- Denotes a pinned node restraint (FFFFRR)  

 

- Denotes a roller node restraint (FFRRRR) 

 

- Slab Members (500mm x 500mm) 
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- Wall Members (400mm x 400 mm) 

 

- In this case, the members are completely fixed (FFFFFF). 

- Compressive strength of concrete (𝑓𝑐
′) is 40 MPa 

 

Figure 215 represents the full elevation of the bridge (top) and relevant details (bottom). 

 

 

 

 

Figure 215: Full bridge Elevation (Top) and Details (Bottom) 

Notes: 

- There are no node restraints except where specified in the cross-sections 

- The dimensions of the diagonal truss members on the magnified elevation remain the 

same for the full elevation  

- The East and West elevations are identical and are represented by the same diagram 

- Slab Members (500mm x 500mm) 

- Wall Members (400mm x 400 mm) 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 551 | 708 

Version 2.0 

- All diagonal members are pinned on either end (FFFFRR). 

- Compressive strength of concrete (𝑓𝑐
′) is 40 MPa 

 

Figure 216 represents the plan view of the bridge. 

 

Figure 216: Plan View of the Bridge 

Notes: 

- There are no node restraints except where specified in the cross-sections 

- Slab Members (500mm x 500mm) 

- Wall Members (400mm x 400 mm) 

- Members are fixed (FFFFFF). 

- Compressive strength of concrete (𝑓𝑐
′) is 40 MPa 

12.2.3.1 SUPERIMPOSED DEAD LOAD (SDL) INPUT  

Figure 217 shows the SDL loads on the full elevation (top) and a magnified section (bottom).  
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Figure 217: SDL on Full Elevation (top) and Magnified Section (Bottom) 

Notes: 

- Loads for Barrier UDL and the Green Wall on the magnified section are applied along 

to the full eastern and western elevations. 

- The Self-Weight of the members were calculated in the SpaceGass software package.  

The SDL of the Solar Panel pavers was inputted in the same load case and is demonstrated on 

the cross section in Figure 218. 

 

Figure 218: Solar Panel Paver Loading 

12.2.3.2 PEDESTRIAN LOADING INPUT 

The pedestrian, cyclist and mounted vehicle load on the top slab was modelling in conjunction 

with the pedestrian loading in the egress corridor. Figure 219 represents the way in which 

these loads were inputted into SpaceGass.  
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Figure 219: Pedestrian Loading on Cross-Section 

Notes: 

- The light vehicle point load was applied at exactly 50% of the distance across the 

member  

- These Loads were applied in the exact same manner to every top slab (walkway) 

member and every base slab member for the whole span.  

 

12.2.3.3 WIND LOADING INPUT 

The worst wind loading scenario was also applied as a load case in SpaceGass, as shown in 

Figure 220. The distance over which the loads are acting, which was inputted as a percentage 

of the full length in the program, are shown as well.  



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 554 | 708 

Version 2.0 

 

Figure 220: Wind Loads on the Bridge Cross-Section 

Notes: 

- These Loads were applied in the exact same manner to every cross-section for the 

whole span.  

12.2.3.4 MOVING BUS LOADING INPUT 

The bus loads which were calculated in Table 161 of this report were inputted as a moving 

load case in SpaceGass. An elevation of the vehicle loads, as inputted in SpaceGass, is shown 

in Figure 221. Note that these loads are logically being exerted by the wheels situated on the 

other side of the bus axles (2.5m apart) as well.  

 

Figure 221 : Vehicle Loads in SpaceGass 

It was deemed appropriate that the worst-case scenario from a moving load perspective will 

be when there are two buses simultaneously travelling inbound and outbound. The travel 

paths for left and right wheels are shown in Figure 222 below.  
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Figure 222: Bus Travel Paths 

Notes: 

- Denotes a bus wheel going into the page (outbound) 

- Denotes a bus wheel coming out of the page (inbound) 

- The buses were designed to travel at 80km/hr (22.2 m/s) 

Load Factors: 

SpaceGass also required the input of various load factors. It should be noted that there are 

two primary lanes as the bus loads will be identical on both inbound and outbound lane. Also, 

please note that the closest equivalent loading type to a Scania bus in AS5100.2 is the A160 

Axle load. Therefore, the following load factors will be based on the said loading type. 

     

Lane Factor = 1        (Table 6.6, AS5100.2) 

Ultimate Load Factor = 1.8       (Table 6.10(A), AS5100.2) 

Dynamic Load Allowance (α) = 0.4     (Table 6.7.2, AS5100.2) 

Scenario Factor = (1 + α) ∗ 1.8 = 2.52 

 

12.2.3.5 STATIONARY BUS LOADING INPUT 
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The scenario of back-to-back buses on the bridge also needs to be considered. This was 

inputted as point loads along the travels paths in Figure 222. Figure 223 shows a magnified 

plan view for inbound and outbound buses along a magnified slab plan. 

 

Figure 223: Magnified Plan View of Stationary Bus Loads 

 

Notes: 

- Denotes a Point Load going into the page (i.e. downwards on the slab) 

- Wheel loads and axle distances remain the same  

 

12.2.3.6 LOAD COMBINATIONS FOR ULTIMATE LIMIT STATES (ULS) 

Load Combinations were also entered SpaceGass to find the critical design loads. This was 

done for both strength and serviceability scenarios. The load factors for ULS are as follows  

 

When Loading decreases safety, 

Self-Weight Load Factor = 1.2      (Table 5.2, AS 5100.2) 

SDL Load Factor = 2.0       (Table 5.3, AS 5100.2) 
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Pedestrian Load Factor = 1.8      (Table 7.3, AS 5100.2) 

Bus Load Factor = 1.8       (Table 6.10(A), AS 5100.2) 

 

Where loading increases safety, 

Self-Weight Load Factor = 0.85     (Table 5.2, AS 5100.2) 

SDL Load Factor = 0.7       (Table 5.3, AS 5100.2) 

 

The relevant ultimate limit state combinations from Clause 22.2 were: 

 1.35(𝐺𝑠𝑒𝑙𝑓 + 𝐺𝑆𝐷𝐿) 

 (1.2𝐺𝑠𝑒𝑙𝑓 + 2.0𝐺𝑆𝐷𝐿) + (1.8𝑄𝑝𝑒𝑑)  

 (1.2𝐺𝑠𝑒𝑙𝑓 + 2.0𝐺𝑆𝐷𝐿) + (1.8𝑄𝑏𝑢𝑠)    (For Moving Load Case) 

 (1.2𝐺𝑠𝑒𝑙𝑓 + 2.0𝐺𝑆𝐷𝐿) + (1.8𝑄𝑏𝑢𝑠)    (For Stationary Bus Loads) 

 (0.85𝐺𝑠𝑒𝑙𝑓 + 0.7𝐺𝑠𝑒𝑙𝑓 + 𝑊𝑢)  

 

 

12.2.3.7 LOAD COMBINATIONS FOR SERVICEABILITY LIMIT STATES (SLS) 

In regards to serviceability limit states, it was deemed appropriate only to check the combined 

effect of the self-weight, SDL and a reduced pedestrian loading. It is realistic in this case to 

assume that the live load exerted by bus vehicles will be only temporary and will not cause 

significant serviceability issues. Therefore, the relevant load combination (from clause 22.2) 

that was checked in SpaceGass is:  

(1.0𝐺𝑠𝑒𝑙𝑓) + (1.3𝐺𝑆𝐷𝐿) + (1.0𝑄𝑝𝑒𝑑)  

 

12.2.4 SPACEGASS OUTPUT 

A linear static analysis was performed in SpaceGass and the critical bending moments and 

shear forces were found for the base slab, pedestrian walkway and wall members.  

 

12.2.4.1 CRITICAL BASE SLAB OUTPUT 
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The critical bending moments and shear forces for the base slab are shown in Figure 224 and 

Figure 225 respectively. The serviceability bending moment is shown in Figure 226. 

 

 

Figure 224: Critical Bending Moment for the Base Slab 

 

 

Figure 225: Critical Shear Force for the Base Slab 

 

 

 

Figure 226: Serviceability Moment for the Base Slab 

 

12.2.4.2 CRITICAL PEDESTRIAN WALKWAY OUTPUT 
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The critical bending moments and shear forces for the top slab (pedestrian walkway) are 

shown in Figure 227 and Figure 228. Figure 229 displays the serviceability moment.  

 

Figure 227: Critical Bending Moment for the Walkway 

 

Figure 228: Critical Shear Force for the Walkway 

 

 

Figure 229: Serviceability Moment for Walkway 

 

12.2.4.3 CRITICAL WALL OUTPUT 

The critical bending moments and shear forces for the bridge wall are shown in Figure 230 

and Figure 231 respectively. The serviceability moment and critical axial force is shown in 

Figure 232 and Figure 233 respectively. 
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Figure 230: Critical Bending Moment for the Walls. 

 

 

Figure 231: Critical Shear Force for the Wall 
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Figure 232: Serviceability Moment for the Bridge Walls 

 

Figure 233: Critical Axial Force for the Wall 

 

12.2.4.4 CRITICAL TENSION CHORD OUTPUT 

The bottom tension chords, which span along the elevation of the bridge, were considered as 

well. The critical tensile force is demonstrated in Figure 234 below. 
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Figure 234: Critical Tensile Force in the Chord 

 

 

12.2.4.5 COMPRESSION STRUT OUTPUT 

The SpaceGass output for the critical compression strut is shown in Figure 235. 

 

Figure 235: Critical Compression Strut 

12.2.5 ULTIMATE STRENGTH DESIGN FOR BASE SLAB 

The bridge can be classified as being above-ground in an exterior environment. Furthermore, 

the project area is near-coastal (less than 50 km from the coast).  

∴ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐶𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑐𝑎𝑖𝑡𝑜𝑛 = 𝐵1     (Table 4.3, AS5100.5) 
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To satisfy abrasion requirements, the compressive strength of the concrete should be at least 

32 MPa as specified in Table 4.7 of AS5100.5. However, the department recommends a more 

conservative compressive strength. 

∴ 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑓𝑐
′) = 40 𝑀𝑃𝑎 

 

∴ 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝐶𝑜𝑣𝑒𝑟 = 40𝑚𝑚   (Table 4.10.3(A), AS5100.5) 

12.2.5.1 ULTIMATE FLEXURAL CAPACITY 

In order to design the slab for bending moment, the RAPT software package was used. For 

modelling purposes, the slab was analysed as a column in RAPT. The base slab was designed 

with a depth of 500mm and a design strip of 2m. 

 

The design moment was: 

𝑀∗ = 292 𝑘𝑁𝑚        (Figure 224) 

 

Furthermore the trial reinforcement inputted into RAPT was:  

𝐴𝑠𝑡 = 1608 𝑚𝑚2 (𝑁16 @ 300 𝑐𝑡𝑠) 

 

12.2.5.1.1 RAPT INPUT 

The relevant information that was inputted in RAPT is given in Figure 236 and Figure 237. 
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Figure 236: RAPT Input for Base Slab (1) 
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Figure 237: RAPT Input for Base Slab (2) 

Please note that the concrete cover in RAPT is defined to the centre of the bar, thus a cover 

of 50mm was inputted for modelling purposes.  

12.2.5.1.2 RAPT OUTPUT 

The RAPT output is shown in Figure 238. It should be noted that for the base slab, only the 

pure bending moment (i.e. when the y-axis value is zero) was considered.   



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 566 | 708 

Version 2.0 

 

Figure 238: RAPT Output for Base Slab 

 

From RAPT output, 

𝑀𝑢 = 307 𝑘𝑁𝑚 >  𝑀∗   𝑂𝐾 

 

12.2.5.2  ULTIMATE SHEAR CAPACITY 

𝑉∗ ≤ 𝜙𝑉𝑢     (Clause 9.2.2, AS5100.5) 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 567 | 708 

Version 2.0 

Where, 

V*= 199 kN     (Figure 225) 

𝜙 = 0.7     (Table 2.2, AS5100.5) 

 

𝑉𝑢 = 0.17√𝑓𝑐′𝑏𝑑𝑜    (Clause 9.2.1, AS 5100.5) 

∴  = 0.17 ∗ √40 ∗ 2000 ∗ 452 

     = 972 𝑘𝑁 

 

𝜙𝑉𝑢 = 0.7 ∗ 972 

        = 680 𝑘𝑁 > 𝑉∗  

12.2.5.3 MINIMUM STEEL REINFORCEMENT FOR FLEXURE 

𝑑 = 𝑆𝑙𝑎𝑏 𝐷𝑒𝑝𝑡ℎ − 𝐶𝑜𝑣𝑒𝑟 − 0.5 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 500 − 40 −
1

2
∗ 16 

    = 452𝑚𝑚 

 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.0025𝑏𝑑      (Clause  9.1.1, AS5100.5) 

              = 0.0025 ∗ 2000 ∗ 452 

              = 2260 𝑚𝑚2/2𝑚 

 

This value is larger than the current Ast (approx. 1608mm2); The tensile steel will now be 

modified accordingly. 

∴ 𝐴𝑠𝑡 =  2666 𝑚2/2𝑚  (𝑁16 @ 150 𝑐𝑡𝑠. ) 

Also, maximum spacing is either 2.0D or 300 mm  (Clause 9.4.1, AS5100.5) 

Hence, max spacing is satisfied. 

 

12.2.5.4 MINIMUM STEEL REINFORCEMENT FOR CRACK CONTROL 
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For crack control, the slab design must comply with Clause 9.4.1 of AS5100.5. 

𝐴𝑠𝑡,𝑚𝑖𝑛 ≥
3𝑘𝑠𝐴𝑐𝑡

𝑓𝑠
 

Where, 

𝑘𝑠 = 0.6 

𝑓𝑠    = 𝑙𝑒𝑠𝑠𝑒𝑟 𝑜𝑓 𝑓𝑠𝑐𝑟  𝑎𝑛𝑑 𝑓𝑠𝑦  

        = 280 𝑀𝑃𝑎    (Table 9.4.1(A), AS5100.5) 

𝐴𝑐𝑡 = 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝐴𝑟𝑒𝑎 𝑖𝑛 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑧𝑜𝑛𝑒 

 

In Clause 9.4.1, the critical tensile zone is defined as the zone in which the moment due to 

serviceability loads (Ms) is larger than the cracking moment (Mcr) for the slab. The calculations 

for the cracking moment is as follows: 

 𝑀𝑐𝑟 = [𝑍(𝑓𝑐𝑓
′ − 𝑓𝑐𝑠 + (𝑃/𝐴𝑔)] + 𝑃𝑒 ≥ 0  (Clause 8.5.3.1, AS5100.5)  

𝑃 = 0  

𝑃𝑒 = 0  

𝑍 =
𝐵𝐷2

6
= 2000 ∗

5002

6
 

   = 83.3 ∗ 106𝑚𝑚3 

𝑓𝑐𝑓
′ = 3.0 𝑀𝑃𝑎     (Clause 9.1.4, AS5100.5) 

𝑓𝑐𝑠 = (
1.5𝑝

1 + 50𝑝
∗ 𝐸𝑠 ∗ 휀𝑐𝑠) 

𝑊ℎ𝑒𝑟𝑒, 

𝐸𝑠 = 200 ∗ 103 𝑀𝑃𝑎 

 

To find 휀𝑐𝑠, need to find the hypothetical thickness. The formula (given in Clause 6.1.7 of 

AS500.5) is: 

𝑡ℎ =
2𝐴𝑔

𝑈𝑒
 

      = 2 ∗
500 ∗ 2000

2000 + 2000
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      = 500 𝑚𝑚 

∴ 휀𝑐𝑠 = 300 ∗ 10−6 

 

∴ 𝑓𝑐𝑠 = (
1.5𝑝

1 + 50𝑝
∗ 𝐸𝑠 ∗ 휀𝑐𝑠) 

          = (
1.5 (

2666
2000 ∗ 452

)

1 + 50 (
2666

2000 ∗ 452
)

∗ 200 ∗ 103 ∗ 300 ∗ 10−6) 

          = 0.212 𝑀𝑃𝑎 

∴ 𝑀𝑐𝑟 = 83.3 ∗ 106(3.0 − 0.212) 

         = 232𝑘𝑁𝑚 

∴ 𝑀𝑐𝑟 > 𝑀𝑠 

 

As the cracking moment is greater than the serviceability moment, there is no critical tensile 

zone. Hence, 𝐴𝑐𝑡 = 0.  

∴ 𝐴𝑠𝑡,𝑚𝑖𝑛 = 0   (i.e. no minimum steel requirement for crack control) 

 

 

 

12.2.5.5 DISTRIBUTION REINFORCEMENT 

Distribution reinforcement will be required transverse to the main reinforcement for the base 

slab. According to Clause 9.1.2 of AS5100.5, the percentage of distribution steel (when 

reinforcement is perpendicular to traffic) is as follows:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
3500

√𝐿
 

𝑊ℎ𝑒𝑟𝑒 𝐿 = 78𝑚 = 78000𝑚𝑚 

 

∴ 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
3500

√78000
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                             = 12.5% 

 

𝐴𝑠𝑡 = 2666
𝑚𝑚2

2𝑚
 

       =
1333𝑚𝑚2

𝑚
 

 

𝐷𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝐴𝑠𝑡  = 0.125 ∗ 1333 

                                   = 167 𝑚𝑚2 

 

Therefore, the Distribution reinforcement can be N12s at 300 cts (367 mm2) to satisfy 

maximum spacing requirements.  

 

12.2.5.6 DEVELPOMENT LENGTH FOR BARS IN TENSION 

The formula for deformed bars in tension is taken from Clause 13.1.2 of AS5100.2.  

𝐿𝑠𝑡.𝑡𝑏 =
𝑘7𝑘8𝑓𝑠𝑦𝐴𝑏

(2𝑎 + 𝑑𝑏)√𝑓𝑐′
 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25𝑘7𝑑𝑏 

Where, 

𝑘7 = 1.0    (Less than 300mm cast below) 

𝑘8 = 1.7    (Adjacent bars are spaced 150mm) 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

𝐴𝑏 = 200𝑚𝑚2 𝑓𝑜𝑟 𝑁16    (Table 9, ARC steel reinforcement catalogue)  

2𝑎 = 2 ∗ 40 = 80𝑚𝑚 

𝑑𝑏 = 16𝑚𝑚 

𝑓𝑐
′ = 40 𝑀𝑃𝑎 

 

𝐿𝑠𝑡.𝑡𝑏 =
1.0 ∗ 1.7 ∗ 500 ∗ 200

(80 + 16)√40
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          = 280𝑚𝑚 

 

𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25 ∗ 1.0 ∗ 16 = 400 

 

∴ Development Length = 400 mm  

 

12.2.5.7 DEVELPOMENT LENGTH FOR BARS IN COMPRESSION 

According to Clause 13.1.3 in AS5100.5, the development length for a bar in compression will 

be as follows: 

𝐿𝑠𝑡.𝑐𝑏 = 20𝑑𝑏 

 

Where, 

𝑑𝑏 = 16𝑚𝑚  (For compression bars) 

 

𝐿𝑠𝑡.𝑐𝑏 = 20 ∗ 16 

           = 320 𝑚𝑚 

12.2.5.8 DEVELPOMENT LENGTH FOR STARTER BARS BETWEEN SLAB AND WALLS 

For continuity purposes, the starter bars between the slab and the vertical wall will be 

selected as N16 bars at the same spacing as the main tension reinforcement in the slab.   

𝐿𝑠𝑡.𝑡𝑏 =
𝑘7𝑘8𝑓𝑠𝑦𝐴𝑏

(2𝑎 + 𝑑𝑏)√𝑓𝑐′
 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25𝑘7𝑑𝑏 

Where, 

𝑘7 = 1.0    (Less than 300mm cast below) 

𝑘8 = 1.7    (Adjacent bars are spaced 150mm) 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

𝐴𝑏 = 200𝑚𝑚2 𝑓𝑜𝑟 𝑁16    (Table 9, ARC steel reinforcement catalogue)  
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2𝑎 = 2 ∗ 40 = 80𝑚𝑚 

𝑑𝑏 = 16𝑚𝑚 

𝑓𝑐
′ = 40 𝑀𝑃𝑎 

 

𝐿𝑠𝑡.𝑡𝑏 =
1.0 ∗ 1.7 ∗ 500 ∗ 200

(80 + 16)√40
  

          = 280𝑚𝑚 

 

𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25 ∗ 1.0 ∗ 16 = 400 

 

∴ Development Length = 400 mm  

 

12.2.6 ULTIMATE STRENGTH DESIGN FOR PEDESTRIAN WALKWAY 

The same exposure classification, concrete strength and nominal cover will apply as 

determined in Section 12.2.5. 

12.2.6.1 ULTIMATE FLEXURAL CAPACITY 

Similarly, the walkway was analysed as a column in RAPT. It was designed with a depth of 

500mm and a design strip of 2m. 

The design moment was: 

𝑀∗ = 215 𝑘𝑁𝑚    (Figure 227) 

 

Furthermore the trial reinforcement inputted into RAPT was:  

𝐴𝑠𝑡 = 𝐴𝑠𝑐 = 1100 𝑚𝑚2/2𝑚 (𝑁12 @ 200 𝑐𝑡𝑠) 

12.2.6.1.1 RAPT INPUT 

The relevant information that was inputted in RAPT is given in Figure 239 and Figure 240. 
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Figure 239: RAPT Input for Pedestrian Walkway (1) 
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Figure 240: RAPT Input for Pedestrian Walkway (2) 

 

12.2.6.1.2 RAPT OUTPUT 

The RAPT output is shown in Figure 241. Likewise, only the pure bending moment is analysed.  
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Figure 241: RAPT Output for Pedestrian Walkway 

From RAPT output, 

𝑀𝑢 = 240 𝑘𝑁𝑚 >  𝑀∗   𝑂𝐾 

 

12.2.6.2 ULTIMATE SHEAR CAPACITY 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 576 | 708 

Version 2.0 

𝑉∗ ≤ 𝜙𝑉𝑢        (Clause 9.2.2, AS5100.5) 

Where, 

V*= 96.2 kN        (Figure 228) 

𝜙 = 0.7        (Table 2.2, AS5100.5) 

 

𝑉𝑢 = 0.17√𝑓𝑐′𝑏𝑑𝑜       (Clause 9.2.1, AS 5100.5) 

∴  = 0.17 ∗ √40 ∗ 2000 ∗ 452 

     = 972 𝑘𝑁 

 

𝜙𝑉𝑢 = 0.7 ∗ 972 

        = 680 𝑘𝑁 > 𝑉∗  

 

12.2.6.3 MINIMUM STEEL REINFORCEMENT FOR FLEXURE 

𝑑 = 500 − 40 −
1

2
∗ 16 

    = 452 𝑚𝑚  

 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.0025𝑏𝑑       (Clause  9.1.1, AS3600) 

              = 0.0025 ∗ 2000 ∗ 452 

              = 2260 𝑚𝑚2/2𝑚 

This value is larger than the current Ast (approx. 1100 mm2/2m); The tensile steel will now be 

modified accordingly. 

 

∴ 𝐴𝑠𝑡 =  2666 𝑚2/2𝑚  (𝑁16 @ 150 𝑐𝑡𝑠. ) 

 

12.2.6.4 MINIMUM STEEL REINFORCEMENT FOR CRACK CONTROL 
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As the same tensile steel will now be used in the pedestrian walkway as in the base slab, the 

cracking moment will be the same as well. Therefore, by inspection, the pedestrian walkway 

will not need tensile steel for crack control as the maximum serviceability moment is lower 

than the cracking moment.  

 

12.2.6.5 DEVELPOMENT LENGTH FOR BARS IN TENSION 

The formula for deformed bars in tension is taken from Clause 13.1.2 of AS5100.2.  

𝐿𝑠𝑡.𝑡𝑏 =
𝑘7𝑘8𝑓𝑠𝑦𝐴𝑏

(2𝑎 + 𝑑𝑏)√𝑓𝑐′
 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25𝑘7𝑑𝑏 

 

Where, 

𝑘7 = 1.0     (Less than 300mm cast below) 

𝑘8 = 1.7     (Adjacent bars are spaced 150mm) 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

𝐴𝑏 = 200𝑚𝑚2 𝑓𝑜𝑟 𝑁16     (Table 9, ARC steel reinforcement catalogue)  

2𝑎 = 2 ∗ 40 = 80𝑚𝑚 

𝑑𝑏 = 16𝑚𝑚 

𝑓𝑐
′ = 40 𝑀𝑃𝑎 

 

𝐿𝑠𝑡.𝑡𝑏 =
1.0 ∗ 1.7 ∗ 500 ∗ 200

(80 + 16)√40
  

          = 280𝑚𝑚 

 

𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25 ∗ 1.0 ∗ 16 = 400 

 

∴ Development Length = 400 mm  

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 578 | 708 

Version 2.0 

12.2.6.6 DEVELPOMENT LENGTH FOR BARS IN COMPRESSION 

According to Clause 13.1.3 in AS5100.5, the development length for a bar in compression will 

be as follows: 

𝐿𝑠𝑡.𝑐𝑏 = 20𝑑𝑏 

 

Where, 

𝑑𝑏 = 16𝑚𝑚        (For compression bars) 

 

𝐿𝑠𝑡.𝑐𝑏 = 20 ∗ 16 

           = 320 𝑚𝑚 

 

12.2.6.7 STARTER BAR DEVELOPMENT LENGTH BETWEEN PEDESTRIAN WALKWAY 

AND WALLS 

For continuity, the started bars will have the same diameter as the tension steel in the 

pedestrian walkway (i.e. N16 bars). The required development length for the said bars will be 

identical to the lengths calculated in Section 12.2.5.8. 

 

12.2.7 ULTIMATE STRENGTH DESIGN FOR VERTICAL WALL MEMBERS 

The same exposure classification, concrete strength and nominal cover will apply as 

determined in Section 12.2.5. 

12.2.7.1 ULTIMATE FLEXURAL CAPACITY 

Similarly, the vertical wall was analysed as a column in RAPT. It was designed with a depth of 

400mm and a design strip of 2m. 

The design moment was: 

𝑀∗ = 166 𝑘𝑁𝑚    (Figure 230) 

𝑁∗ = 166 𝑘𝑁𝑚    (Figure 233) 
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Furthermore the trial reinforcement inputted into RAPT was:  

𝐴𝑠𝑡 = 1100 𝑚𝑚2/2𝑚 (𝑁12 @ 200 𝑐𝑡𝑠) 

 

12.2.7.1.1 RAPT INPUT 

The relevant information that was inputted in RAPT is given in Figure 242.  

 

Figure 242: RAPT Vertical Wall Input (1) 
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Figure 243 : RAPT Input for Vertical Wall (2) 

 

12.2.7.1.2 RAPT OUTPUT 

The RAPT output is shown in Figure 244. In contrast to the previous RAPT analyses, the vertical 

wall needs to be checked for pure bending (i.e. when y-axis value is zero) and pure axial force 

(i.e. when x-axis value is zero).  
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Figure 244: RAPT Output for the Vertical Wall 

From RAPT output, 

𝑀𝑢 = 190 𝑘𝑁𝑚 >  𝑀∗ 𝑂𝐾 

𝑁𝑜 = 17015 𝑘𝑁 > 𝑁∗ 𝑂𝐾 

12.2.7.2 ULTIMATE SHEAR CAPACITY 
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Clause 11.2.3 states that walls subjected to in-plane vertical forces and horizontal forces (i.e. 

wind) can be designed in accordance with Section 11 of AS3600. 

 

To find the effective height, the height of the wall must be multiplied by the factor k. As there 

is no restraint against rotation at both ends, 

𝑘 = 1.0 

∴ 𝐻𝑤𝑒 = 1.0 ∗ 7 = 7𝑚 

 

𝑉∗ ≤ 𝜙𝑉𝑢        (Clause 11.6.2, AS3600) 

Where, 

V*= 48 kN        (Figure 231) 

𝜙 = 0.7        (Table 2.2, AS3600) 

 

Hw/Lw = 7/2 > 1 

  

Clause 11.6.3 states that for Hw/Lw > 1, Vuc is taken as being the lesser of:  

𝑉𝑢𝑐 = (0.66√𝑓𝑐′ − 0.21 ∗
𝐻𝑤

𝐿𝑤
√𝑓𝑐′) 0.8𝐿𝑤𝑇𝑤;   

And, 

𝑉𝑢𝑐 = (0.05√𝑓𝑐′ + 0.1 ∗
0.1√𝑓𝑐′

(
𝐻𝑤

𝐿𝑤
− 1)

)0.8𝐿𝑤𝑇𝑤; 

But not less than, 

0.17 ∗ √𝑓𝑐′ ∗ 𝐿𝑤 ∗ 𝑡𝑤 

 

∴ 𝑉𝑢𝑐 = (0.66√40 − 0.21 ∗
7000

2000
√40) 0.8 ∗ 2000 ∗ 400; 

∴  = 304 𝑘𝑁 
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And, 

𝑉𝑢𝑐 = (0.05√40 + 0.1 ∗
0.1√40

(
7000
2000 − 1)

)0.8 ∗ 2000 ∗ 400; 

∴  = 219 𝑘𝑁 

 

But not less than, 

0.17 ∗ √40 ∗ 2000 ∗ 400 

= 860 𝑘𝑁 

 

∴ 𝜙𝑉𝑢 = 0.7 ∗ 860 

        = 602 𝑘𝑁 > 𝑉∗ 𝑂𝐾 

 

12.2.7.3 MINIMUM STEEL REINFORCEMENT 

Clause 11.7.1 (a) of AS3600 states that in the vertical direction, the minimum reinforcement 

shall be the larger of either: The reinforcement for the strength design or a steel ratio of Pw = 

0.0015. 

𝑑 = 400 − 40 −
1

2
∗ 12 

 

0.0015 =
𝐴𝑠𝑡

2000 ∗ 357
 

∴  𝐴𝑠𝑡 = 0.0015 ∗ 2000 ∗ 357 

           = 1071 𝑚𝑚2 

The current Ast (approx. 1100 mm2/2m) is only slightly larger than the calculated steel ratio. 

Therefore, the steel reinforcement will remain the same. 

 

12.2.7.4 MINIMUM STEEL REINFORCEMENT FOR CRACK CONTROL 
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In the horizontal direction, it is possible that the wall is restrained from expanding or 

contracting due to elements such as the green wall or the suspended slab. Therefore, 

minimum reinforcement for crack control is given as: 

 

𝑝 = 0.006        (Clause 11.7.2, AS 3600) 

 

∴ 𝐴𝑠𝑡 = 0.006 ∗ 2000 ∗ 357 

           = 4284 𝑚𝑚2 

 

Therefore, N16 bars at 100 cts will be implemented in the horizontal direction. 

 

12.2.7.5 DEVELPOMENT LENGTH FOR BARS IN TENSION 

The formula for deformed bars in tension is taken from Clause 13.1.2 of AS5100.2.  

𝐿𝑠𝑡.𝑡𝑏 =
𝑘7𝑘8𝑓𝑠𝑦𝐴𝑏

(2𝑎 + 𝑑𝑏)√𝑓𝑐
′
 𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25𝑘7𝑑𝑏 

 

Where, 

𝑘7 = 1.0       (Less than 300mm cast below) 

𝑘8 = 2.4     (Adjacent bars are spaced less than 150mm) 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

𝐴𝑏 = 200𝑚𝑚2 𝑓𝑜𝑟 𝑁16     (Table 9, ARC steel reinforcement catalogue)  

2𝑎 = 2 ∗ 40 = 80𝑚𝑚 

𝑑𝑏 = 12𝑚𝑚 

𝑓𝑐
′ = 40 𝑀𝑃𝑎 

 

𝐿𝑠𝑡.𝑡𝑏 =
1.0 ∗ 2.4 ∗ 500 ∗ 200

(80 + 12)√40
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          = 412 𝑚𝑚 

 

𝑏𝑢𝑡 𝑛𝑜𝑡 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 25 ∗ 1.0 ∗ 12 = 300𝑚𝑚 

For constructability purposes, the development length will be rounded up to 420mm. 

 

12.2.7.6 DEVELPOMENT LENGTH FOR BARS IN COMPRESSION 

According to Clause 13.1.3 in AS5100.5, the development length for a bar in compression will 

be as follows: 

𝐿𝑠𝑡.𝑐𝑏 = 20𝑑𝑏 

 

Where, 

𝑑𝑏 = 12𝑚𝑚  (For compression bars) 

 

𝐿𝑠𝑡.𝑐𝑏 = 20 ∗ 12 = 240 𝑚𝑚 

 

12.2.8 ULTIMATE STRENGTH DESIGN FOR COMPRESSION STRUTS 

The design compression force is: 

𝑁∗ = 1668 𝑘𝑁        (Figure 235) 

 

The ultimate capacity of the compression struts is checked using Section 7 of AS3600. 

According to Clause 7.2.3, the design of a concrete strut is taken as: 

 

𝜙𝑠𝑡 ∗ 𝛽𝑠 ∗ 0.9 ∗ 𝑓𝑐
′ ∗ 𝐴𝑐 
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Firstly, the type of compression field in the strut needs to be determined. The nodal 

configuration showing the compression strut, vertical wall member and the tension chord is 

shown in Figure 245 below. 

 

Figure 245: Nodal Configuration of Tension and Compression Members 

 

The length of the member at the point denoted by the red line in Figure 245, needs to be 

calculated to determine the type of compression field. Using the Measure Dimension tool in 

the SpaceGass software package, it was found that the length at that point is 400 mm. 

Therefore, the member is subjected to a prismatic compression field. 

 

∴ 𝛽𝑠 = 1.0 

𝜙𝑠𝑡 = 0.6 𝑓𝑜𝑟 𝑝𝑢𝑟𝑒 𝑎𝑥𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒     (Table 2.2.2, AS3600) 

 

The cross-section will be reduced to an approximately triangular shape at the point where the 

strut intersects the other members.  

∴ 𝐴𝑐 = 0.5 ∗ 400 ∗ 400 

          = 80 ∗ 103𝑚𝑚2 
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Therefore, the capacity of the compression strut is: 

0.6 ∗ 1.0 ∗ 0.9 ∗ 40 ∗ 80 ∗ 103 

= 1728 𝑘𝑁 > 𝑁∗ 𝑂𝐾  

12.2.9 ULTIMATE STRENGTH DESIGN FOR THE TENSION MEMBER 

The design tension force is given as: 

𝑇 = 7080 𝑘𝑁 

The capacity formula for a member subjected tension force is given as: 

𝑇 = 𝐴𝑠𝑡 ∗ 𝐹𝑠𝑦 

This can be rearranged to find required Ast follows: 

 

𝐴𝑠𝑡 =
𝑇

𝐹𝑠𝑦
 

∴ =
7080 ∗ 103

500
= 14160 𝑚𝑚2 

 

Using the ARC Reinforcement table, the relevant number of bars is: 

𝐴𝑠𝑡 = 15680 (8 𝑁50 𝑏𝑎𝑟𝑠) 

 

The 8 bars will be configured in 2 layers of 3 bars and 1 layer of 2 bars. It is noted that N50 

bars are special order and are quite heavy, however, they will be necessary to fit into the 400-

mm thick wall. To keep the bars in place, N12 ligatures at 400 mm spacing will be used.  

12.2.10 DEFLECTION OF THE BRIDGE 

Regarding the deflection of the bridge, the limits will be set in accordance with Clause 6.11 of 

AS5100.2.  

 

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑚𝑖𝑡 = 𝑆𝑝𝑎𝑛/600 
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For deflection purposes, the bridge can be idealised as a large beam with a C-shaped cross-

section. To determine if there is a reduction in cross-section, the cracking moment must be 

determined. Firstly, the effective width will be calculated: 

 

𝑏𝑒𝑓 = 𝑏𝑤 + 0.1𝑎         (For L beam) 

𝑤ℎ𝑒𝑟𝑒 𝑎 = 0.7𝐿  

 

= 400 + 0.1(0.7 ∗ 78000) 

= 5860 𝑚𝑚 

 

However, the effective width cannot exceed half the width of the member, therefore the 

effective width will be: 

𝑏𝑒𝑓 = 0.5 ∗ 9800 = 4900 𝑚𝑚  

 

The idealised cross-section is shown in Figure 246 below. 

 

Figure 246: Idealised Cross-Section 

 

𝑀𝑐𝑟 = [𝑍(𝑓𝑐𝑓
′ − 𝑓𝑐𝑠 + (𝑃/𝐴𝑔)] + 𝑃𝑒 ≥ 0    (Clause 8.5.3.1, AS5100.5)  

𝑃 = 0  
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𝑃𝑒 = 0  

𝑍 =
𝐼𝑔

𝑦
   

Where y = 7000/2 = 3500 mm (For C-Shaped Section) 

Finding the gross I value based on shapes 1,2 and 3 in Figure 246: 

𝐼𝑔 = (
𝐵1𝐷1

3

12
+ ((𝐴1) ∗ (𝑦 − 𝑦1))) + (

𝐵2𝐷2
3

12
) + (

𝐵3𝐷3
3

12
+ ((𝐴3) ∗ (𝑦3 − 𝑦))) 

 

∴ 𝐼𝑔 = (
4900 ∗ 5003

12
+ ((4900 ∗ 500) ∗ (3500 − 250)2)) + (

400 ∗ 60003

12
)

+ (
4900 ∗ 5003

12
+ ((4900 ∗ 500) ∗ (6750 − 3500)2)) 

∴ 𝐼𝑔 =  3.32 ∗ 1013𝑚𝑚4 

∴ 𝑍 =
3.32 ∗ 1013

3500
= 9485 ∗ 106 𝑚𝑚3 

𝑓𝑐𝑓
′ = 0.6 ∗ √𝑓𝑐′       (Clause 3.1.13, AS5100.5) 

𝑓𝑐𝑓
′ = 0.6 ∗ √40 = 3.79 𝑀𝑃𝑎 

𝑓𝑐𝑠 = (
1.5𝑝

1 + 50𝑝
∗ 𝐸𝑠 ∗ 휀𝑐𝑠) 

𝑊ℎ𝑒𝑟𝑒, 

𝐸𝑠 = 200 ∗ 103 𝑀𝑃𝑎 

 

To find 휀𝑐𝑠, need to find the hypothetical thickness. The formula (given in Clause 6.1.7 of 

AS500.5) is: 

𝑡ℎ =
2𝐴𝑔

𝑈𝑒
 

      = 2 ∗
2 ∗ (4900 ∗ 500) + (400 ∗ 6000)

2 ∗ (4900) + 2 ∗ (4500) + 7000 + 6000
 

      = 459 𝑚𝑚 

∴ 휀𝑐𝑠 = 300 ∗ 10−6 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 590 | 708 

Version 2.0 

 

∴ 𝑓𝑐𝑠 = (
1.5𝑝

1 + 50𝑝
∗ 𝐸𝑠 ∗ 휀𝑐𝑠) 

 

The Ast that will be acting in this cross-section will be a summation of the reinforcement for 

the bottom tension chord and the distribution reinforcement for the base slab. 

 

𝐴𝑠𝑡 = 15680𝑚𝑚2       (For the Tension chord) 

 

The distribution reinforcement consists of N12s at 300 cts (367 mm2). In the effective width 

of 4900 mm, the total distribution reinforcement will consist of approximately 9 N12 bars. 

 

𝐴𝑠𝑡.2 = 990 𝑚𝑚2 (9 𝑁12 𝑏𝑎𝑟𝑠) 

∴ 𝐴𝑠𝑡 = 15680 + 990 = 16670𝑚𝑚2 

 

 𝑓𝑐𝑠 = (
1.5 (

16670
4900 ∗ 6944)

1 + 50 (
16670

4900 ∗ 6944)
∗ 200 ∗ 103 ∗ 300 ∗ 10−6) 

          = 0.043 𝑀𝑃𝑎 

 

∴ 𝑀𝑐𝑟 = 9485 ∗ 106(3.79 − 0.024) 

         = 35,700 𝑘𝑁𝑚 

 

The Mcr value must now be compared to the maximum moment under serviceability loading 

(Ms). To find Ms, the tension force under serviceability loads is multiplied by the lever arm (i.e. 

height of bridge).  

 

𝑇𝑠 = 5906 𝑘𝑁         (SpaceGass) 

𝑑 = 7𝑚    
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𝑀𝑠 = 𝑇𝑠 ∗ 𝑑 

       = 5906 ∗ 7 = 41,342 𝑘𝑁𝑚  

    

As Ms > Mcr, it is evident that a slight reduction in the gross second moment will be necessary. 

The simplified method of finding the effective I value is provided in Clause 8.5.3.1 of AS5100.5 

𝐼𝑒𝑓 = 𝐼𝑐𝑟 + (𝐼 − 𝐼𝑐𝑟) (
𝑀𝑐𝑟

𝑀𝑠
)
3

≤ 𝐼𝑒𝑓.𝑚𝑎𝑥 

 

To find Icr, the static moments about the neutral axis will be taken and used in the following 

equation: 

 

𝐼𝑐𝑟 =
𝑏𝑥3

3
+ (𝑛 − 1)𝐴𝑠𝑐 ∗ (𝑥 − 𝑑𝑐)

2 + 𝑛𝐴𝑠𝑡(𝑑 − 𝑥)2 

 

𝑛 =
𝐸𝑠

𝐸𝑐
 

𝐸𝑐 = 32800 𝑀𝑃𝑎       (Table 3.1.2, AS3600) 

 

𝑛 =
200 ∗ 103

32800
≈ 6.5 

 

Taking the static moments about the neutral axis: 

 

𝑏𝑥2

2
+ (𝑛 − 1) ∗ 𝐴𝑠𝑐(𝑥 − 𝑑𝑐) = 𝑛 ∗ 𝐴𝑠𝑡 ∗ (𝑑 − 𝑥) 

 

d = 6944 mm 

dc = 0 mm        (No Compression Steel) 

b = 4900 mm 
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4900𝑥2

2
+ (6.5 − 1) ∗ 0(𝑥) = 6.5 ∗ 16670 ∗ (6944 − 𝑥) 

Solving for x, 

𝑥 = 533 𝑚𝑚 

  

∴ 𝐼𝑐𝑟 =
4900 ∗ 5333

3
+ (6.5 − 1) ∗ 0 ∗ (533 − 0)2 + 6.5 ∗ 16670 ∗ (6944 − 533)2 

          = 4.7 ∗ 1012𝑚𝑚4 

 

∴ 𝐼𝑒𝑓 = 4.7 ∗ 1012 + (3.32 ∗ 1013 − 4.7 ∗ 1012) (
35,700

41,342
)
3

 

          = 2.3 ∗ 1013 

 

However, 𝐼𝑒𝑓 ≤ 𝐼𝑒𝑓.𝑚𝑎𝑥    

𝐼𝑒𝑓.𝑚𝑎𝑥 = 0.6𝐼        (Clause 8.5.3.1, AS5100.5) 

              = 0.6 ∗ (3.32 ∗ 1013) 

             = 1.992 ∗ 1013𝑚𝑚4 

∴ 𝐼𝑒𝑓 = 1.992 ∗ 1013𝑚𝑚4 

 

Finding the ratio of I values, 

 

𝐼𝑒𝑓

𝐼𝑔
=

1.992 ∗ 1013

3.32 ∗ 1013
= 0.6 

 

Therefore, the cracked section has 60% of the properties of the gross section properties. To 

find the true deflection, the value of young’s modulus (Ec) can be altered on the SpaceGass 

model and the subsequent deflection can be analysed. 
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∴ 𝐸𝑐 = 0.6 ∗ 32800 

         = 19680 𝑀𝑃𝑎    

 

∴ Total Deflection Δ = 158 mm      (SpaceGass Output) 

 

𝐷𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑚𝑖𝑡 =
𝑆𝑝𝑎𝑛

600
=

78000

600
 

= 130𝑚𝑚 

 

The total deflection is less than the specified limit, therefore the bridge is adequately 

designed for deflection.  
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 TUNNEL 

12.3.1 TUNNEL CEILING 

12.3.1.1 TUNNEL CEILING MODELLING PARAMETERS AND LOAD CASES  

For the allocated effective spans of 9.8 and 8.1 metres variable parameters for design and 

modelling was required for optimal situational economy. For subterranean locations below 

parkland areas dead and live loads were modelled as static critical cases at the alternating 

spans. In subterranean locations beneath existing roads, cardinal directions for existing 3.2m 

wide lanes over an array of supporting planks were the basis for M1600 moving loads and 

paths in SpaceGass at the alternating spans. All planks are 2m wide at depths of 600mm for 

under road locations and 500mm for parkland locations. Self-weights are factored by 1.2 in 

SpaceGass.  

12.3.1.1.1 ROAD CASE INPUTS  

Soil load: See Geotechnical report. 

𝑆𝑜𝑖𝑙 = 𝑈𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 × 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ × (𝑃𝑙𝑎𝑛𝑘 𝑤𝑖𝑑𝑡ℎ) 

𝑆𝑜𝑖𝑙 = 18.5
𝑘𝑁

𝑚3
× 1.2 × 0.31 × 2  

𝑆𝑜𝑖𝑙 = 13.8
𝑘𝑁

𝑚
 

Road layering allowance (RLA): Preliminary allowance allocated for structural design from 

Austroads Guide, detailed variations do not affect final design. 

𝑅𝐿𝐴 = 𝑅𝑜𝑎𝑑 𝑙𝑎𝑦𝑒𝑟𝑖𝑛𝑔 𝑤𝑒𝑖𝑔ℎ𝑡 ×  𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 ×  𝐴𝑙𝑙𝑜𝑤𝑎𝑛𝑐𝑒 𝑑𝑒𝑝𝑡ℎ ×  𝑃𝑙𝑎𝑛𝑘 𝑤𝑖𝑑𝑡ℎ 

𝑅𝐿𝐴 = 21.2
𝑘𝑁

𝑚3
× 1.2 × 0.14 × 2  

𝑅𝐿𝐴 = 7.12
𝑘𝑁

𝑚
 

 

Subbase allowance (SA): Preliminary allowance allocated for structural design, detailed 

variations do not affect final design. 

𝑆𝐴 =  𝑆𝑢𝑏𝑏𝑎𝑠𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 ×  𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐴𝑙𝑙𝑜𝑤𝑎𝑛𝑐𝑒 𝑑𝑒𝑝𝑡ℎ × 𝑃𝑙𝑎𝑛𝑘 𝑤𝑖𝑑𝑡ℎ 
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𝑆𝐴 =  19
𝑘𝑁

𝑚3
× 1.2 × 0.3 × 2  

𝑆𝐴𝐴 = 13.7
𝑘𝑁

𝑚
 

 

Road UDL M1600: AS 5100.2-2004 clause 6.2.3 

𝑅𝑜𝑎𝑑 𝑈𝐷𝐿 𝑀1600 = 𝑀1600 𝑙𝑜𝑎𝑑 × 𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 

𝑅𝑜𝑎𝑑 𝑈𝐷𝐿 𝑀1600 = 6 × 1.5  

𝑅𝑜𝑎𝑑 𝑈𝐷𝐿 𝑀1600 = 9
𝑘𝑁

𝑚
 

 

M1600 moving load factors, lane, ULS and dynamic factors: AS 5100.2-2004 Section 6 Road 

Traffic. 

 

Figure 247: Moving Load Properties – SpaceGass Inputs 

12.3.1.1.2 PARKLAND CASE INPUTS 

Soil load: See Geotechnical report. 
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Live Parkland UDL: Static 10kPa AS 5100.2-2004 

𝑆𝑜𝑖𝑙 = 𝑈𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 × 𝐷𝑒𝑎𝑑 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑑𝑒𝑝𝑡ℎ × 𝑃𝑙𝑎𝑛𝑘 𝑤𝑖𝑑𝑡ℎ 

𝑆𝑜𝑖𝑙 = 18.5
𝑘𝑁

𝑚3
× 1.2 × 0.75𝑚 × 2𝑚 

𝑆𝑜𝑖𝑙 = 33.3
𝑘𝑁

𝑚
 

 

𝑃𝑎𝑟𝑘𝑙𝑎𝑛𝑑 𝑈𝐷𝐿 = 𝐿𝑖𝑣𝑒 𝐿𝑜𝑎𝑑 × 𝐿𝑖𝑣𝑒 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 × 𝑃𝑙𝑎𝑛𝑘 𝑤𝑖𝑑𝑡ℎ 

∴ 𝑃𝑎𝑟𝑘𝑙𝑎𝑛𝑑 𝑈𝐷𝐿 = 10 𝑘𝑃𝑎 × 1.5 × 2  

∴ 𝑃𝑎𝑟𝑘𝑙𝑎𝑛𝑑 𝑈𝐷𝐿 = 30
𝑘𝑁

𝑚
 

12.3.1.2 INPUT SUMMARY 

 Table 168: Distributed Force Summary Table 

 

The following figures display the parameters of the moving load design location. As the given 

Bundeys road section is 10 m wide, the SpaceGass model features five two metre wide precast 

prestressed planks. This distance is measured from the median strip to the pedestrian curb, 

as a result the lanes are modelled offset to the ends of the plank strips as best represented in 

real use. The centre plank shown in the following models provides the basis for all resulting 

road use structural tunnel planks, due to critical pressures. Connections of the tunnel planks 

are taken as pinned.  

Feature Value Units 

Soil 13.8 kN/m 

Subbase allowance 13.7 kN/m 

Road layering allowance 7.12 kN/m 

Road UDL 9 kN/m 

ROAD PLANK TOTAL 43.6 kN/m 

Soil 33.3 kN/m 

Parkland UDL 30 kN/m 

PARK LAND TOTAL 63.3 kN/m 
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Figure 248: SpaceGass Representation of Critical 9.8m Span Road Plank Location - Bundeys Road 

 

Figure 249: North Lane (Red) and South Lane (Purple) - Bundeys Road 
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Figure 250: M1600 Moving Loads in Designated Lanes - Bundeys Road 

 

12.3.1.3 SPACEGASS OUTPUT  

 

Figure 251: 9.8m Span Under Road Critical Bending 
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Figure 252: 9.8m Span Under Road Critical Shear 

 

Figure 253: 8.1m Span Under Road Critical Bending 

 

Figure 254: 8.1m Span Under Road Critical Shear 
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Figure 255: 9.8m Span Under Parklands Critical Bending 

 

Figure 256: 9.8m Span Under Parklands Critical Shear 

 

Figure 257: 8.1m Span Under Parklands Critical Bending 
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Figure 258: 8.1m Span Under Parklands Critical Shear 

Listed below is a summary of all the design actions for each of the four-different tunnel ceiling 

(plank) scenarios. 

Table 169: SpaceGass Bending and Shear Output Summary Table 

 

The maximum axial force used in the calculations of the sheet piling is taken as 530 kN due to 

allowances of variation. A weightless column member was used to confirm for this case shear 

forces = axial forces using SpaceGass. 

12.3.1.4 TUNNEL CEILING DESIGN  

These results were then taken from SpaceGass and hand calculations were done to ensure 

the design was safe.  

Table 170, below contains the values used for the hand calculations done on the 9.8 metre 

span prestressed plank under Bundeys Road.  

 

Member M* (kNm) V* (kN) 

9.8m span – under road 1252.34 516.06 

8.1m span – under road 902.12 450.19 

9.8m span – under parklands 1098.98 448.56 

8.1m span – under parklands 750.77 370.75 
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Table 170: 9.8m Span Road Plank Initial Values 

Description Value Unit 

Moment 1252.34 kN/m 

Depth 600 mm 

Length 9800 mm 

Base 2000 mm 

ligatures 12 mm 

Cover 25 mm 

Young’s Modules of Concrete 37,400 MPa 

Concrete Density 25 kN/m3 

Dead Load UDL 34.60 kN/m 

Live Load UDL 30.60 kN/m 

Compressive Strength of Concrete 65 MPa 

Strand Diameter 15.2 mm 

Strand Tensile Strength 1830 MPa 

Strand Proof Load 212 kN 

 

12.3.1.4.1 BENDING DESIGN  

The first calculation done was to determining a number of strands needed to withstand the 

maximum bending force. 

𝑀∗ = 1252.34𝑘𝑁𝑚/𝑚  

𝑀𝑢 ≥
𝑀∗

𝜙
 

𝜙 = 0.8                 (𝑇𝑎𝑏𝑙𝑒 2.2.2 𝐴𝑆3600) 

𝑀𝑢 =
1252.34

0.8
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𝑀𝑢 = 1565.43𝑘𝑁𝑚/𝑚 

𝑍𝑢 = 0.85 ×  𝑑       Estimate initial leaver arm  

𝑍𝑢 = 0.85 ×  555.40 

𝑍𝑢 =  472.09𝑚𝑚 

𝑇𝑜 =
𝑀𝑢

𝑍𝑢
         

𝑇𝑜 =
1565.43 ×  1000

472.09
 

𝑇𝑜 =  3315.95𝑘𝑁 

𝐴𝑝𝑡 =
𝑇𝑜

𝑓𝑝𝑏
                  Using fpb to get initial value 

𝐴𝑝𝑡 =
3315.95 × 1000

1830
 

𝐴𝑝𝑡 =  1811.99𝑚𝑚2 

Number of strands required  =
𝐴𝑝𝑡

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑠𝑡𝑟𝑎𝑛𝑑
 

Number of strands required  =
1811.99

143
 

Number of strands required  = 12.67 

Number of strands required  = 13          (Round up for safety)  

𝐴𝑝𝑡 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑡𝑟𝑎𝑛𝑑𝑠 ×  𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑠𝑡𝑟𝑎𝑛𝑑  Recalculating area of steel 

𝐴𝑝𝑡 =  13 × 143 

𝐴𝑝𝑡 =  1859𝑚𝑚2 

𝑓𝑝𝑦 = 1 −
𝑘1× 𝑘2

𝛾
 ×   𝑓𝑝𝑏  

𝑘1 = 0.28         Only if (fpy/fpb) ≥ 0.9 

𝑘2 =
1

𝑏 ×𝑑 ×𝑓′𝑐
 ×  𝐴𝑝𝑡 × 𝑓𝑝𝑏  
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𝑘2 =
1

2000 ×555.4 ×65
 ×  1859 × 1830  

𝑘2 = 0.047 

𝛾 = 1.05 − 0.007𝑓’𝑐                       

γ = 1.05 − 0.007 × 65 

𝛾 = 0.60          0.67 < 𝛾 < 0.85 

γ = 0.67 

𝛼2 = 1.0 − 0.003𝑓’𝑐 

𝛼2 = 1.0 − 0.003 × 65 

𝛼2 = 0.81         0.67 < 𝛾 < 0.85 

𝑓𝑝𝑦 = 1 −
𝑘1× 𝑘2

𝛾
 ×  𝑓𝑝𝑏  

𝑓𝑝𝑦 = 1 −
0.28 ×0.047

0.67
 ×  1830  

𝑓𝑝𝑦 = 1793.97𝑀𝑃𝑎 

𝑓𝑝𝑦

𝑓𝑝𝑏
= 

1793.97

1830
 

𝑓𝑝𝑦

𝑓𝑝𝑏
=   0.98        Assumption was correct 

𝑇 =  𝑓𝑝𝑦  ×  𝐴𝑝𝑡                 Recalculating accurate tensile force 

𝑇 =  1793.97 ×  1859 

𝑇 =  3334982.32𝑁 

𝑇 =  3334.98𝑘𝑁 

𝑘𝑢 =
𝑇

𝑓𝑐′ × 𝛼 × 𝑏 × 𝛾 × 𝑑
 

𝑘𝑢 =
3334982.32

65 × 0.81 × 2000 × 0.67 × 555.40
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𝑘𝑢 = 0.09 < 0.36 therefore considered to be sufficiently ductile 

𝑍 = 𝑑 − 0.5 ×  𝛾 × 𝑘𝑢 × 𝑑     Recalculating accurate leaver arm 

𝑍 = 555.4 − 0.5 ×  0.67 ×  0.09 ×  555.4 

𝑍 = 539.56𝑚𝑚 

𝑀𝑢 = 𝑇 ×  𝑍 

𝑀𝑢 = 3334982.32 ×  539.56 

𝑀𝑢 = 1799437654𝑁𝑚𝑚 

𝑀𝑢 = 1799.44𝑘𝑁𝑚 

 

Ф𝑀𝑢 = 0.8 ×  𝑀𝑢 

Ф𝑀𝑢 = 0.8 ×  1799.44 

Ф𝑀𝑢 = 1493.55𝑀𝑃𝑎     Minimum capacity of the beam 

 

Ф𝑀𝑢 > 𝑀∗ 

1493.55 > 1184.59  

Using 13 15.2 diameter strands gives this design sufficient capacity to withstand the positive 

bending moment. 

12.3.1.4.2 FLEXURAL SHEAR DESIGN  

The next check completed was analysing if the 13 stands would provide the plank with 

sufficient strength against Flexural Shear. 

𝑉𝑢𝑐 = 𝐵1  ×  𝐵2  ×  𝐵3  ×  𝑏𝑣  ×  𝑑𝑜  ×  𝑓𝑐𝑣  ×  (
𝐴𝑠𝑡

𝑏𝑣 × 𝑑𝑜
)

1

3
×  𝑉𝑜  ×  𝑃𝑣 (Cl 8.2.7.2(1)) 

𝐵1 = 1.1 (1.6 −
𝑑

1000
)        Must be ≥ 1.1 
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𝐵1 = 1.1 (1.6 −
555.4

1000
) 

𝐵1 = 1.15 

𝐵2 = 1         Subject to pure bending 

𝐵3 = 1 

𝑓𝑐𝑣 = 𝑓′𝑐
1

3         Must be ≤ 4 MPa 

𝑓𝑐𝑣 = 65 
1
3 

𝑓𝑐𝑣 = 4.02𝑀𝑃𝑎  

𝑓𝑐𝑣 = 4.0𝑀𝑃𝑎  

𝐴𝑠𝑡 = 0𝑚𝑚2 

 𝑍 =  
𝐵×𝐷2

6
       Section modules of a rectangle 

𝑍 =  
2000 × 6002

6
  

𝑍 =  120000000𝑚𝑚3 

𝑃𝑒 =  Proof Load ×  Number of strands ×  Losses Proof Load 

𝑃𝑒 = (212 × 13) ×  80%      Assuming 20% Losses 

𝑃𝑒 = 2204.8𝑘𝑁 

𝑁𝐴 =  
𝐷

2
      Neutral axis of a symmetrical beam 

𝑁𝐴 =  
600

2
 

𝑁𝐴 =  300𝑚𝑚 

𝑒 = 𝑑 − 𝑁𝐴 

𝑒 = 555.4 − 300 
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𝑒 = 255.4𝑚𝑚 

𝐴𝑔 = 𝐷 ×  𝐵 

𝐴𝑔 = 600 ×  2000 

𝐴𝑔 = 1200000𝑚𝑚2 

𝜎𝑏𝑝 =
𝑝𝑒 × 1000

𝐴𝑔
+ 

𝑝𝑒 × 1000 × 𝑒

𝑍
 

𝜎𝑏𝑝 =
169.6 ×  1000

1200000
+ 

169.6 ×  1000 ×  255.4

120000000
 

𝜎𝑏𝑝 = 6.53𝑀𝑃𝑎 

𝑀𝑜 = 𝜎𝑏𝑝  ×  𝑍 

𝑀𝑜 =  6.53 ×  120000000 

𝑀𝑜 =  783585920𝑁𝑚𝑚 

𝑀𝑜 =  783.59𝑘𝑁𝑚 

𝑉𝑜 = 
𝑀𝑜

|𝑀
∗

 ∗⁄ |
                     (Cl 8.2.7.2(2) AS 3600) 

𝑀∗ = 112.14𝑘𝑁𝑚       Taken from SPACE GASS 

𝑉∗ =  497𝑘𝑁        Taken from SPACE GASS 

𝑉𝑜 = 
783.59

|112.14
497⁄ |

 

𝑉𝑜 =  3472.82𝑘𝑁 

ℎ =  𝑁𝐴 − 𝐶𝑜𝑣𝑒𝑟 

ℎ =  300 − 25 

ℎ =  275𝑚𝑚 

𝛳 =  
4 ×  ℎ

𝑙
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𝛳 =  
4 ×  275

9820
 

𝛳 =  0.112 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

𝑝𝑣 = 𝑝𝑒  ×  𝛳 

𝑝𝑣 =  2204.8 ×  0.112 

𝑝𝑣 =  246.97𝑘𝑁 

𝑉𝑢𝑐 =  1.15 ×  1 ×  1 ×  2000 ×  555.4 ×  4 × (
1859

2000 ×  555.4
)

1
3
×   3472.82 

×  103 246.97 × 103 

𝑉𝑢𝑐 = 4325.95𝑘𝑁 

 

0.5 ×  Ф ×  𝑉𝑢𝑐 ≥ 𝑉∗ 

0.5 ×  0.8 × 4325.95 ≥  497 

1730.38𝑘𝑁 ≥ 497𝑘𝑁 

This design has sufficient strength to resist flexural shear. 

12.3.1.4.3 WEB SHEAR  

 

𝑉𝑢𝑐 = 𝑉𝑡  ×  𝑃𝑣        (Cl 8.2.7.2(3)) 

𝜏𝑋𝑌  =  
𝑉𝑡  × 𝑄

𝐼 ×  𝑏𝑣
 

𝑄 =  
𝐷

2
 ×   

𝐷

4
 ×  𝐵        First moment of area for a rectangle 

𝑄 =  
600

2
 ×   

600

4
 ×  2000 

𝑄 =  90000000𝑚𝑚^3 
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𝐼 =  
𝐵 × 𝐷3

12
      Second moment of inertia for a rectangle 

𝐼 =  
2000 × 6003

12
  

𝐼 =  36000000000𝑚𝑚4 

𝜏𝑋𝑌  =  0.00000125𝑉𝑡 

Using Mohs Circles 

𝜎𝑐𝑥 = 
𝑀 ×  𝑦

𝐼
+ 

𝑃𝑒

𝐴𝑔
 −  

𝑃𝑒 × 𝑦

𝐼
 

Calculate σcx At Neutral axis where y = 0 

Therefor,  𝜎𝑐𝑥 = 
𝑃𝑒

𝐴𝑔
 

𝜎𝑐𝑥 = 
2204.8 × 1000

1200000
 

𝜎𝑐𝑥 = −1.84𝑀𝑃𝑎 

𝜎𝑐1 = √(0.5 ×  𝜎𝑐𝑥)2 + 𝜏𝑋𝑌
2 + 0.5 × 𝜎𝑐𝑥 

𝜎𝑐1 = √0.84 +  1.56 ×  10−12𝑉𝑡
2 − 1.84 

𝜎𝑐1 = 𝑓′𝑐𝑡 

𝑓′𝑐𝑡 = 0.36√𝑓′𝑐 

𝑓′𝑐𝑡 = 0.36√65 

𝑓′𝑐𝑡 = 2.90𝑀𝑃𝑎 

2.90 =  √0.84 +  1.56 ×  10−12𝑉𝑡
2 − 1.84 

Rearrange equation in terms of Vt 
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𝑉𝑡  =  √
1

1.56 ×  10−12
  (2.90 + 1.84)2 − 0.84  

𝑉𝑡  =  3056863.56𝑁 

𝑉𝑡  =  3056.86𝑘𝑁 

𝑉𝑢𝑐 =  3056.86 +  246.97   

𝑉𝑢𝑐 =  3303.84𝑘𝑁 

 

0.5 ×  Ф ×  𝑉𝑢𝑐 ≥ 𝑉∗ 

0.5 ×  0.8 × 3303.84 ≥  497 

1321.53 ≥ 497𝑘𝑁 

This design has sufficient strength to resist web shear and does therefore not require steel to 

be added to increase resistance against shearing i.e. Ligatures. 

12.3.1.4.4 DEFLECTION  

∆𝑇= ∆𝑆𝑇 + ∆𝐶𝑅𝑃 + ∆𝑆  

Where, 

∆𝑆 =  Short Term Deflection 

∆𝐶𝑅𝑃=  Deflection due to Creep 

∆𝑆  =  Deflection due to shrinkage 

12.3.1.4.4.1 SHORT TERM DEFLECTION  

∆𝑆𝑇= ∆𝑃 + ∆𝐺+𝜓𝑄 

∆𝑝=
1

8
 ×  

𝑃𝑒 × 𝑒 × 𝐿2

𝐸𝑐 × 𝐼𝑔
    Prestressing Deflection for Horizontal Tendons 

∆𝑝=
1

8
 × 

2204.8 ×  255.40 × 98002

37400 ×  36000000000
 

∆𝑝 = −5.04𝑚𝑚 𝑈𝑝𝑤𝑎𝑟𝑑𝑠 
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𝛥𝐺+𝜓𝑠𝑄 = 
5

384
 ×  

(𝐺 + 𝜓𝑠𝑄) × 𝐿4

𝐸𝑐  ×  𝐼𝑔
 

𝐺 =  𝑆𝑒𝑙𝑓 𝑊𝑒𝑖𝑔ℎ𝑡 +  𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑑𝑒𝑎𝑑 𝑙𝑜𝑎𝑑  

     = (2 × 0.6 × 25) + 34.60   

     = 64.60𝑘𝑁/𝑚 

𝑈𝐷𝐿 = 𝐺 + 0.7𝑄 

𝑈𝐷𝐿 = 64.60 + 0.7 × 30.60 

𝑈𝐷𝐿 = 86.02𝑘𝑁/𝑚 

𝜓𝑠 = 0.7         (Table 4.1 AS1170.0)  

𝑄 = 30.60 

𝛥𝐺+𝜓𝑠𝑄 = 
5

384
 ×  

(𝐺 + 𝜓𝑠𝑄) × 𝐿4

𝐸𝑐  ×  𝐼𝑔
 

𝛥𝐺+𝜓𝑠𝑄 =
5

384
 × 

(64.60 + 0.7 × 30.60)  ×  98004

37400 ×  36000000000
  

𝛥𝐺+𝜓𝑠𝑄 = 7.74mm 

 

∆𝑆𝑇= −5.04 + 7.74 

∆𝑆𝑇= 2.7𝑚𝑚  

 

 

 

12.3.1.4.4.2 LONG TERM DEFLECTION  

 

∆𝐶𝑅𝑃= 𝜑 𝑐𝑐  ×  ∆𝑆𝑇 

*Note that the deflection due to short-term loading is for prestressing and dead load only. 

𝜑 𝑐𝑐 = 𝑘2  ×  𝑘3  ×   𝑘4  ×   𝑘5 ×  𝜑 𝑐𝑐.𝑏    (Clause 3.1.8.3 – AS 3600) 
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𝑘2 =
𝛼2  ×  𝑡0.8

𝑡0.8 + 0.15𝑡ℎ
 

𝛼2 = 1.0 + 1.12 × 𝑒−0.008 × 𝑡ℎ     (Figure 3.1.8.3 – AS 3600) 

𝑡ℎ =
2 × 𝐴𝑔

𝑈𝑒
 

𝑈𝑒 = 𝑒𝑛𝑐𝑙𝑜𝑠𝑒𝑑 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 +
1

2
𝑐𝑙𝑜𝑠𝑒𝑑 𝑣𝑜𝑖𝑑𝑠 (𝑛𝑜 𝑣𝑜𝑖𝑑𝑠 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑝𝑟𝑜𝑗𝑒𝑐𝑡) 

𝑈𝑒 = (2 ×  𝐵) + (2 ×  𝐷) 

𝑈𝑒 = (2 ×  2000) + (2 ×  600) 

𝑈𝑒 = 5200𝑚𝑚 

𝑡ℎ =
2 ×  1200000

5200
 

𝑡ℎ =  461.54𝑚𝑚 

𝛼2 = 1.0 + 1.12 × 𝑒−0.008 × 461.54 

𝛼2 = 1.03 

𝑡 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑙𝑖𝑓𝑒 𝑖𝑛 𝑑𝑎𝑦𝑠 

𝑡 = 100 𝑦𝑒𝑎𝑟𝑠 ∗ 365 𝑑𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟       

𝑡 = 36500𝑑𝑎𝑦𝑠 

𝑘2 =
1.03 × 365000.8

365000.8 + 0.15 ×  461.54
 

𝑘2 = 1.01 

𝑘3 =
2.7

1 + log(𝜏)
 

𝜏 = 𝐴𝑔𝑒 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑜𝑓 𝑙𝑜𝑎𝑑𝑖𝑛𝑔 

𝜏 = 7𝑑𝑎𝑦𝑠 

𝑘3 =
2.7

1 + log(7)
 

𝑘3 =  1.46 
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𝑘4 = 0.65       (Assuming interior environment) 

𝑘5 = (2.0 − 𝛼3) − 0.02(1.0 − 𝛼3)  ×  𝑓′𝑐   (50 𝑀𝑃𝑎 <  𝑓𝑐
′ < 100 𝑀𝑃𝑎) 

𝛼3 = 
0.7

𝑘4  ×  𝛼2
 

𝛼3 = 
0.7

0.65 ×  1.03
 

𝛼3 =  1.05 

𝑘5 = (2.0 −  1.05) − 0.02(1.0 −  1.05)  ×  65 

𝑘5 = 1.01 

𝜑 𝑐𝑐.𝑏 =  2 𝑓𝑜𝑟 65 𝑀𝑃𝑎 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒     (Table 3.1.8.2 – AS 3600) 

𝜑 𝑐𝑐 =  1.01 ×  1.46 × 0.65 × 1.01 ×  2  

𝜑 𝑐𝑐 =  1.95 

 

∆𝐶𝑅𝑃 = 𝜑 𝑐𝑐  × (𝛥𝑃 × 
𝐷𝐿

𝑈𝐷𝐿
 ×  𝛥𝐷𝐿+0.7𝐿𝐿)    ∆ST due to ΔP and DL 

only∆𝐶𝑅𝑃 = 1.95 × (−5.04 ×  
64.60

86.02
 ×  7.74) 

∆𝐶𝑅𝑃 = 1.50𝑚𝑚 

12.3.1.4.4.3 SHRINKAGE DEFLECTION  

 

∆𝑠ℎ = 𝑘𝑠ℎ
∗  ×  

𝐿2

8
      (Warner et al. – Appendix B5.5) 

𝑘𝑠ℎ
∗ = 𝛾3  ×  𝛾4  ×  

휀𝑐𝑠

𝐷
 

Where, 

𝛾3 = [1 +
𝐴𝑔  ×  𝐸𝑐

𝐴𝑒𝑞 ×  𝐸𝑝
+

𝑒𝑒𝑞
2  ×  𝐴𝑔

𝐼𝑔
]

−1

 

𝐴𝑒𝑞 = 𝐴𝑝𝑡 + 𝐴𝑠𝑡 + 𝐴𝑠𝑐  
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𝐴𝑒𝑞 =  1859 + 0 + 0  

𝐴𝑒𝑞 =  1859𝑚𝑚2 

𝑑𝑒𝑞 = 
𝐴𝑝𝑡  ×  𝑑

𝐴𝑒𝑞
 

𝑑𝑒𝑞 = 
1859 ×  555.4

1859
 

𝑑𝑒𝑞 =  555.4𝑚𝑚 

𝑒𝑒𝑞 = 𝑑𝑒𝑞 − 𝑁𝐴 

𝑒𝑒𝑞 =  555.4 − 300 

𝑒𝑒𝑞 =  255.4𝑚𝑚 

𝛾3 = [1 +
1200000 ×  37400

1859 ×  200 ×  103
+

255.42 ∗ 1200000

36000000000
]

−1

 

𝛾3 = 0.008 

𝛾4 = 𝐴𝑔  ×  𝑒𝑒𝑞  ×  
𝐷

𝐼𝑦
  

𝛾4 =  1200000 ×  255.4 ×  
600

36000000000
  

𝛾4 =  5.11 

휀𝑐𝑠 = 휀𝑐𝑠𝑒 + 휀𝑐𝑠𝑑       (Clause 3.1.7.2 ─ AS3600) 

휀𝑐𝑠𝑒 = 휀∗
𝑐𝑠𝑒  ×  (1 − 𝑒−0.1×𝜏)             (Clause 3.1.7.2(2) ─ AS3600) 

휀∗
𝑐𝑠𝑒 = (0.06 × 𝑓′𝑐 ─ 1.0)  × 50 ×  10−6            (Clause 3.1.7.2(3) ─ AS3600) 

휀∗
𝑐𝑠𝑒 = (0.06 ×  65 ─ 1.0)  × 50 ×  10−6 

휀∗
𝑐𝑠𝑒 = 0.00015 

휀𝑐𝑠𝑒 =  0.00015 × (1 − 𝑒−0.1 × 7) 

휀𝑐𝑠𝑒 =  0.00007 

휀𝑐𝑠𝑑 = 𝑘1  ×  𝑘4  ×  휀𝑐𝑠𝑑.𝑏             (Clause 3.1.7.2(4) ─ AS3600) 

𝑘1 = 
𝛼1 × 𝑡0.8

𝑡0.8 + 0.15𝑡ℎ
       (Figure 3.1.7.2 ─ AS3600) 

𝛼1 = 0.8 + 1.2𝑒−0.005𝑡ℎ        (Figure 3.1.7.2 ─ AS3600) 
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𝛼1 = 0.8 + 1.2𝑒−0.005 × 461.54 

𝛼1 = 0.92 

𝑘1 = 
0.92 ×  70.8

70.8 + 0.15 × 461.54
 

𝑘1 =  0.06 

휀𝑐𝑠𝑑.𝑏 = (1.0 − 0.008 × 𝑓′𝑐)  × 휀∗
𝑐𝑠𝑑.𝑏 

휀∗
𝑐𝑠𝑑.𝑏 = 1000 ×  10−6                           Due to the location being Adelaide 

휀𝑐𝑠𝑑.𝑏 = (1.0 − 0.008 ×  65)  ×  1000 ×  10−6 

휀𝑐𝑠𝑑.𝑏 = 480 × 10−6  

휀𝑐𝑠𝑑 =  0.06 ×  0.65 ×  480 ×  10−6 

휀𝑐𝑠𝑑 =   1.84 ×  10−5 

휀𝑐𝑠 =  7.3 ×  10−5 +  1.84 ×  10−5 

휀𝑐𝑠 =  9.14 ×  10−5 

𝑘𝑠ℎ
∗ = 0.008 ×  5.11 ×  

9.14 ×  10−5

600
 

𝑘𝑠ℎ
∗ = 6.28 × 10−9 

 

∆𝑠ℎ =  6.28 × 10−9  ×  
98002

8
  

∆𝑠ℎ =  0.08𝑚𝑚 

 

∆𝑇= ∆𝑆𝑇 + ∆𝐶𝑅𝑃 + ∆𝑆  

∆𝑇= 2.69 + 1.50 + 0.08 

∆𝑇= 4.27𝑚𝑚 

As this design, does not experience deflection greater than 25mm the design is considered 

adequate.  

12.3.1.4.5 STRESS AT TRANSFER  

Tensile forces acting on the top of the beam due to transfer loads 
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𝜎𝑡𝑜𝑝  ≥  − 𝑐𝑡𝑝 

𝜎𝑡𝑜𝑝 = (1.15 ×  𝜎𝑡,𝑝 ) + (0.9 × 𝜎𝑡,𝑠𝑤 )   

𝜎𝑡,𝑝 = 
𝑃𝑒  × 1000

𝐴𝑔
−  

𝑃𝑒  × 1000 ×  𝑒

𝑍𝑡
 

𝜎𝑡,𝑝 = 
2204.80 × 1000

1200000
−  

2204.80 × 1000 ×  255.40

120000000
 

𝜎𝑡,𝑝 = − 2.86𝑀𝑃𝑎 

𝑀∗ =   406.87𝑘𝑁. 𝑚            Moment due to Self-Weigh taken from SPACE GASS 

𝜎𝑡,𝑠𝑤 =  
𝑀∗ × 106

𝑍𝑡  
 

𝜎𝑡,𝑠𝑤 =  
406.87 ×  106

120000000
 

𝜎𝑡,𝑠𝑤 =   3.39𝑀𝑃𝑎 

𝜎𝑡𝑜𝑝 =  (1.15 ×  − 2.86) + (0.9 × 3.39) 

𝜎𝑡𝑜𝑝 = − 0.23𝑀𝑃𝑎 

𝑐𝑡𝑝 = 0.5√𝑓′𝑐𝑝 

𝑓′𝑐𝑝 = 0.65 ×  𝑓′𝑐             Transfer occurs after a minimum of 7 days 

𝑓′𝑐𝑝 = 0.65 ×  65 

𝑓′𝑐𝑝 = 42.25𝑀𝑃𝑎 

𝑐𝑡𝑝 = 0.5√42.25 

𝑐𝑡𝑝 = 3.25𝑀𝑃𝑎 

 

− 0.23 ≥  − 3.25         Passes 

Tensile forces present in the beam only reach 0.23MPa where the capacity is 3.25MPa 

therefore this beam will not crack due to the combination of self-weight and prestressing. 

Compressive forces acting on the bottom of the beam due to transfer loads 

𝜎𝑏𝑜𝑡  ≤  𝑐𝑐𝑝 
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𝜎𝑏𝑜𝑡 = (1.15 ×  𝜎𝑏,𝑝 ) − (0.9 × 𝜎𝑏,𝑠𝑤 )   

𝜎𝑏,𝑝 = 
𝑃𝑒  × 1000

𝐴𝑔
+  

𝑃𝑒  × 1000 ×  𝑒

𝑍𝑏
 

𝜎𝑏,𝑝 = 
2204.80 × 1000

1200000
+  

2204.80 × 1000 ×  255.40

120000000
 

𝜎𝑏,𝑝 =   6.53𝑀𝑃𝑎 

𝜎𝑏,𝑠𝑤 =  
𝑀∗ × 106

𝑍𝑏 
 

𝜎𝑏,𝑠𝑤 =  
406.87 ×  106

120000000
 

𝜎𝑏,𝑠𝑤 =   3.39𝑀𝑃𝑎 

𝜎𝑏𝑜𝑡 =  (1.15 × 6.53) − (0.9 ×  3.39) 

𝜎𝑏𝑜𝑡 =  4.46𝑀𝑃𝑎 

𝑐𝑐𝑝 = 0.6 ×  𝑓′𝑐𝑝 

𝑐𝑐𝑝 = 0.6 ×  42.25 

𝑐𝑐𝑝 = 25.35𝑀𝑃𝑎 

 

4.46 ≤  25.35         Passes 

Compressive forces present in the beam only reach 4.46MPa where the capacity is 25.35MPa 

therefore this beam will not experience crushing due to the combination of self-weight and 

prestressing. 

Stress due to services 

Forces acting on the top of the beam due to serviceability loads only. 

𝜎𝑡𝑜𝑝  ≤  𝐶𝑐 

𝜎𝑡𝑜𝑝 =   𝜂 ×  𝜎𝑡,𝑝  +  𝜎𝑡,𝑠𝑙   

𝜂 = 0.85                     

𝑀∗ =   633.42𝑘𝑁. 𝑚           Moment due to Services load (𝐺 + 𝜓𝑆𝑄) from SPACEGASS 
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𝜎𝑡,𝑠𝑙 = 
𝑀∗ × 106

𝑍𝑡  
 

𝜎𝑡,𝑠𝑙 = 
633.42 × 106

120000000 
 

𝜎𝑡,𝑠𝑙 =   5.28𝑀𝑃𝑎 

𝜎𝑡𝑜𝑝 =   0.85 ×  −2.86 + 5.28 

𝜎𝑡𝑜𝑝 =   2.85𝑀𝑃𝑎 

𝐶𝑐 = 0.6 × 𝑓′𝑐 

𝐶𝑐 = 0.6 × 65 

𝐶𝑐 = 39𝑀𝑃𝑎 

 

2.85 ≤  39          Passes 

Compressive forces present in the beam only reach 2.85MPa where the capacity is 39MPa 

therefore this beam will not experience crushing due to serviceability loads. 

Forces acting on the bottom of the beam due to serviceability loads. 

𝜎𝑏𝑜𝑡  ≥  −𝐶𝑡 

𝜎𝑏𝑜𝑡 =   𝜂 × 𝜎𝑏,𝑝 − 𝜎𝑏,𝑠𝑙  

𝜂 = 0.85       

𝜎𝑏,𝑠𝑙 = 
𝑀∗ × 106

𝑍𝑏 
 

𝜎𝑏,𝑠𝑙 = 
633.42 × 106

120000000 
 

𝜎𝑏,𝑠𝑙 =   5.28𝑀𝑃𝑎 

𝜎𝑏𝑜𝑡 =   0.85 ×  6.53 − 5.28 

𝜎𝑏𝑜𝑡 =   0.27𝑀𝑃𝑎 

𝐶𝑡 = 0.5 × √𝑓′𝑐 

𝐶𝑡 = 0.5 × √65 

𝐶𝑡 = 4.03 
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0.27 ≥  −4.03         

 Passes 

Forces present in the bottom beam only reach 0.27MPa where the capacity is -4.03MPa 

therefore this beam will not crack due to serviceability loads. 

All the checks done of the plank can be seen below in Table 171. 

Table 171: Design Checks Completed on 9.8metre Span Under Road Plank 

 Strength Required capacity Result 

Positive Bending 

ФMu > M* 

1439.55kN/m 1252.34kN/m Passed 

Flexural Shear 

0.5ФVuc > V* 

1730.38 kN 497 kN Passed 

Web Shear 

0.5ФVuc > V* 

1321.53 kN 497 kN Passed 

Deflection 

Δt < 25 

4.27mm 25mm Passed 

Stress due to Transfer Top 

σtop ≥ -Ctp 

-0.23MPa -3.25MPa Passed 

Stress due to Transfer bottom 

σbot ≤ Ccp 

4.46MPa 25.35MPa Passed 

Stress due to Service Top 

σtop ≤ Cc 

2.85MPa 39MPa Passed 

Stress due to Services Bottom 

σbot ≥ -Ct 

0.27MPa - 4.03MPa Passed 
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This process was then repeated 3 more times for the 8.1metre span under Road plank, 

9.8metre span under Parkland plank and the 8.1metre span under Parkland plank. The tables 

of initials values and then their respective tables showing Checks completed can be seen 

below. 

Table 172: 8.1m Span Under Road Plank Initial Values 

Description Value Unit 

Moment 902.12 kN/m 

Depth 600 mm 

Length 8100 mm 

Base 2000 mm 

ligatures 12 mm 

Cover 25 mm 

Young’s Modules of Concrete 37,400 MPa 

Concrete Density 25 kN/m3 

Dead Load UDL 34.60 kN/m 

Live Load UDL 30.60 kN/m 

Compressive Strength of Concrete 65 MPa 

Strand Diameter 15.2 mm 

Strand Tensile Strength 1830 MPa 

Strand Proof Load 212 kN 
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Table 173: Design Checks Completed on 8.1m Span Under Road Plank 

 Strength Required capacity Result 

Positive Bending 

ФMu > M* 

1119.90kN/m 902.12kN/m Passed 

Flexural Shear 

0.5ФVuc > V* 

1379.01kN 431.17kN Passed 

Web Shear 

0.5ФVuc > V* 

1230.90kN 431.17 kN Passed 

Deflection 

Δt < 25 

6.27mm 25mm Passed 

Stress due to Transfer Top 

σtop ≥ -Ctp 

-0.44MPa -3.25MPa Passed 

Stress due to Transfer bottom 

σbot ≤ Ccp 

3.69MPa 25.35MPa Passed 

Stress due to Service Top 

σtop ≤ Cc 

2.01MPa 39MPa Passed 

Stress due to Services Bottom 

σbot ≥ -Ct 

0.39MPa - 4.03MPa Passed 

 

 

Table 174: 9.8m Span Under Parkland Plank Initial Values 

Description Value Unit 

Moment 1098.98 kN/m 

Depth 500 mm 

Length 9800 mm 

Base 2000 mm 

ligatures 12 mm 

Cover 25 mm 

Young’s Modules of Concrete 37,400 MPa 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 622 | 708 

Version 2.0 

Concrete Density 25 kN/m3 

Dead Load UDL 33.30 kN/m 

Live Load UDL 30.00 kN/m 

Compressive Strength of Concrete 65 MPa 

Strand Diameter 15.2 mm 

Strand Tensile Strength 1830 MPa 

Strand Proof Load 212 kN 

 

Table 175: Design Checks Completed on 9.8m Span Under Parkland Plank 

 Strength Required capacity Result 

Positive Bending 

ФMu > M* 
1251.84kN/m 1098.98kN/m Passed 

Flexural Shear 

0.5ФVuc > V* 
1417.60kN 426.68kN Passed 

Web Shear 

0.5ФVuc > V* 
1177.61kN 426.68kN Passed 

Deflection 

Δt < 25 
6.80mm 25mm Passed 

Stress due to Transfer Top 

σtop ≥ -Ctp 
-0.95MPa -3.25MPa Passed 

Stress due to Transfer bottom 

σbot ≤ Ccp 
6.41MPa 25.35MPa Passed 

Stress due to Service Top 

σtop ≤ Cc 
6.45MPa 39MPa Passed 

Stress due to Services Bottom 

σbot ≥ -Ct 
-2.41MPa - 4.03MPa Passed 
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Table 176: 8.1m Span Under Parkland Plank Initial Values 

Description Value Unit 

Moment 750.77 kN/m 

Depth 500 mm 

Length 8100 mm 

Base 2000 mm 

ligatures 12 mm 

Cover 25 mm 

Young’s Modules of Concrete 37,400 MPa 

Concrete Density 25 kN/m3 

Dead Load UDL 33.30 kN/m 

Live Load UDL 30.00 kN/m 

Compressive Strength of Concrete 65 MPa 

Strand Diameter 15.2 mm 

Strand Tensile Strength 1830 MPa 

Strand Proof Load 212 kN 
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Table 177: Design Checks Completed on 8.1m Span Under Parkland Plank 

 Strength Required capacity Result 

Positive Bending 

ФMu > M* 

910.72kN/m 750.77kN/m Passed 

Flexural Shear 

0.5ФVuc > V* 

1048.55kN 348.28kN Passed 

Web Shear 

0.5ФVuc > V* 

1062.29kN 348.28kN Passed 

Deflection 

Δt < 25 

11.54mm 25mm Passed 

Stress due to Transfer Top 

σtop ≥ -Ctp 

-0.77MPa -3.25MPa Passed 

Stress due to Transfer bottom 

σbot ≤ Ccp 

4.47MPa 25.35MPa Passed 

Stress due to Service Top 

σtop ≤ Cc 

4.31MPa 39MPa Passed 

Stress due to Services Bottom 

σbot ≥ -Ct 

-1.43MPa - 4.03MPa Passed 

 

12.3.2 CONCRETE PAD  

The concrete pad located on top the retaining wall needed to be designed to withstand the 

compression forces being transferred from the prestressed beams.  

The worst-case force being applied from the plank was 530kN (taken from SPACE GASS). 

This force is being transferred onto the concrete pad over the area of the plank in contact 

with the pad. Figure 259, below shows the area of the plank in contact with the concrete pad.  
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Figure 259: Concrete Pad Area 

 

This worse case force was converted to Pressure using the above area. 

530 × 1000

2000 ×  440
 

𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 0.602𝑀𝑃𝑎 

The strength of the concrete pad to withstand this force was chosen to be 20MPa to help with 

shear capabilities. For safety, this force was multiplied by a reduction factor of 0.6. 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  20 × 0.6 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =  12𝑀𝑃𝑎 

𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ ≫ 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝐴𝑝𝑝𝑙𝑖𝑒𝑑 

This design will not fail due to the compressive force being applied by the plank. 

12.3.2.1 DESIGN LOADS – SHEAR DUE TO SOIL 

A worse case of 39kN/m was previously calculated when calculating the wall of the egress 

corridor stairwell. This value has been adapted here as the conditions are the same. 

To calculate the shear force acting on the top of the retaining wall the UDL was multiplied by 

half the length of the wall. 

𝑉∗ = 
𝑤 ×  𝐿

2
 

𝑉∗ =  39 × 
7

2
 

𝑉∗ =  136.5𝑘𝑁 

 

 

440mm 

2000m
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12.3.2.2 SHEAR STUD CAPACITY  

To connect the retaining wall and the concrete pad together shear studs will be welded to a 

steel plate located on top of the retaining wall. These shear studs will need to resist the shear 

present from the soil pressure acting on the retaining wall. 

Using AS 2327 a shear stud with 15.2mm diameter was chosen, providing a shear capacity of 

53kN per shear stud (Table 8.1). 

For safety, the shear capacity of the shear studs is required to be stronger than the applied 

shear. A reduction factor of 0.7 is required for members subject to shear (AS 3600 Table 2.2.2) 

𝑉𝑢 = 
𝑉∗

Ф
 

𝑉𝑢 = 
136.5

0.7
 

𝑉𝑢 =  195𝑘𝑁 

 Number of studs required/m =  
195

53
 

Number of studs required/m = 3.67 

Number of studs required/m = 4     Rounded up for safety 

Along the length of the retaining wall there will need to be four 15.9mm diameter shear studs 

per meter to resist the forces present due to soil. 

 

12.3.2.3 SHEAR REINFORCEMENT  

To connect the concrete pad to the prestressed planks reinforcement will need to be cast into 

the cast in situ concrete pad. The prestressed planks will have grout pipes located at each end 

of the plank that will be slightly larger than the chosen reinforcement to create a connection. 

These grout pipes will later be filled with grout to ensure a safe connection. 

The shear capacity of the reinforcement will be required to resist the same forces as the shear 

studs (195kN). 

From AS 4100 the shear capacity of a single bar of reinforcement can be calculated using the 

equation 𝑉𝑓𝑥  = 0.62 ×  𝐴𝑜  ×  𝑓𝑢𝑓 
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𝐴𝑜 =  𝜋 × 𝑟2 

𝐴𝑜 =  𝜋 × 102 

𝐴𝑜 =  314.20𝑚𝑚2 

𝑓𝑢𝑓 = 500𝑀𝑃𝑎      Tensile strength of reinforcement 

𝑉𝑓𝑥  = 0.62 ×  314.2 ×  500 

𝑉𝑓𝑥  = 97402𝑁 

𝑉𝑓𝑥  = 97.4𝑘𝑁 

Number of bars =  
195

97.4
 

Number of bars =  2 

Since the planks are two meters wide the design requires four N20 reinforcing bars per plank 

per end. 

 

12.3.3 BARRIERS 

12.3.3.1 IMPACT LOADS 

Hackney Road is classified as an arterial and is a part of the Adelaide ring route that 

circumnavigates the CBD. It accommodates cyclists, motorcycles, light and heavy vehicles up 

to 19m in length. The barrier will potentially be subject to collision loads out lined in the table 

below. 

The traffic barrier will conform to AS5100.2 Table A3 with a Height of 1500mm. This will allow 

resistance to traffic loads on the barrier and inhibit pedestrian access. 

In accordance with (AS5100.2 Cl 10.2) the collision load will be applied at 1.2m above ground 

level, with a magnitude of 500kN as per (AS5100.2-2004, Table A1). 
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Table 178: (AS5100.2 Table A3) Minimum Effective Height for a Medium Performance Barrier 

 

Table 179: (AS5100.2 Table A1) Design Loads for a Medium Performance Level Barrier. 

 

 

12.3.3.2 EXPOSURE CLASSIFICATION AND CONCRETE REQUIREMENTS 

This will enable the designers to calculate the cover requirements for the concrete barrier 

structure. Using Table 4.3 from AS3600-2009, 3b) Near costal (1km to 50km from Coastline) 

= B1 

Table 4.4 from AS3600-2009, provides the minimum Compressive strength (f’c) required for 

the exposure classification is 32MPa. However, this f’c might not be enough to support the 

collision loads economically, therefore a higher strength might be required. 

Table 4.10.3.2 from AS3600-2009, provides the cover requirement of 40mm for the 

reinforcement of the road safety barrier. 
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12.3.3.3 BARRIER DESIGN  

12.3.3.3.1 BENDING DESIGN  

 

Figure 260: Impact load Acting on Traffic Barrier 

Where, 

𝐹 = 500𝑘𝑁        (Table A1, 5100.2-2004) 

𝐿 = 𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝐿𝑒𝑛𝑔𝑡ℎ = 2.4𝑚     (Table A1, 5100.2-2004) 

𝐻 = 𝐵𝑎𝑟𝑟𝑖𝑒𝑟 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.5𝑚  

𝐶 = 𝐶𝑜𝑙𝑖𝑠𝑖𝑜𝑛 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.2𝑚      

𝑀 =
𝐹 × 𝐷

𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑙𝑒𝑛𝑔𝑡ℎ
 

𝑀 =
500𝑘𝑁 × 1.2𝑚

4.8𝑚
 

𝑀 = 125𝑘𝑁𝑚/𝑚 

 

𝑀∗ =  𝑀𝑢 

∴ 𝑀𝑢 =
125𝑘𝑛

0.8
 

𝑀𝑢 = 156𝑘𝑁𝑚/𝑚 

Assuming N20 reinforcement. 

0.800m 

1.500m 

0.200m 

Actual Barrier 

Collision Loading 

1.200m 
T C 

4.8m 

1.2m 2.4m 

1.2m 
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For a conservative and simplistic analysis, the Barrier cross section will be taken as 

rectangular. 

𝑑 = 500𝑚𝑚 − 40𝑚𝑚 − (
20𝑚𝑚

2
) 

𝑑 = 450𝑚𝑚 

∴ 𝑍𝑢 = 0.85𝑑 

𝑍𝑢 = 0.85(450𝑚𝑚) 

𝑍𝑢 = 383𝑚𝑚 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

𝑇 =
𝑀𝑢

𝑍𝑢
 

𝑇 =
156 × 103𝑘𝑁𝑚𝑚

383𝑚𝑚
 

𝑇 = 407𝑘𝑁 

Where, 

𝑇 = 𝐴𝑠𝑡𝑓𝑦 

407𝑘𝑁 = 𝐴𝑠𝑡500𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
407 × 103𝑘𝑁

500𝑀𝑃𝑎
 

𝐴𝑠𝑡 = 814𝑚𝑚2  

N12 at 125 cts = 880mm2 

𝑇 = 𝐴𝑠𝑡𝑓𝑦 

𝑇 = 880𝑚𝑚 × 500𝑀𝑃𝑎 

𝑇 = 440𝑘𝑁 

𝑇 = 𝐶 

𝐶 = 𝛼2𝑓𝑐
′𝑏𝛾𝑘𝑢𝑑  

Where, 

𝛾 = 1.05 − 0.007𝑓𝑐
′, (𝑊𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑙𝑖𝑚𝑖𝑡𝑠 0.67 ≤ 𝛾 ≤ 0.85)  (AS3600-2009, Cl 

8.1.3(2)) 
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𝛾 = 1.05 − 0.007(32𝑀𝑃𝑎) 

𝛾 = 0.826 

𝛼2 = 1.0 − 0.003𝑓𝑐
′, (𝑊𝑖𝑡ℎ𝑖𝑛 𝑡ℎ𝑒 𝑙𝑖𝑚𝑖𝑡𝑠 0.67 ≤ 𝛾 ≤ 0.85)  (AS3600-2009, Cl 

8.1.3(1)) 

𝛼2 = 1.0 − 0.003(32𝑀𝑃𝑎) 

𝛼2 = 0.9, 𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑡𝑎𝑘𝑒 0.85 

𝐶 = 𝛼2𝑓𝑐
′𝑏𝛾𝑘𝑢𝑑  

∴ 𝑘𝑢 =
440 × 103

0.85 × 32 × 1500 × 0.826 × 450
 

𝑘𝑢 = 0.029 ≤ 0.36 

Therefore, ductile.       

 𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 440(450 − 0.5 × 0.826 × 0.029 × 450) 

∴ 𝜙𝑀𝑢 = 157 𝑘𝑁𝑚/𝑚 > 𝑀∗(125 𝑘𝑁𝑚/𝑚)  

Therefore adequate, so adopt N12 bars at 125mm cts. 

12.3.3.3.2 SHEAR DESIGN 

 

Figure 261: Design Actions Acting on the Traffic Barrier 

The Shear force acting at the base of the Barrier is same magnitude as the force per meter 

acting on the barrier but in the opposite direction. 

0.800m 

1.500m 

0.200m 

Collision Loading (104KN/m) 

V*=104KN/m 

4.8m 

1.2m 2.4m 

1.2m 

Tension Steel 
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𝑉∗ =
500𝑘𝑁

4.8𝑚
 

𝑉∗ = 104𝑘𝑁/𝑚 

 

𝑉∗ ≤  𝑉𝑢𝑐 

104𝑘𝑁/𝑚 ≤  𝑉𝑢𝑐 

Where,         (AS3600-2009, Cl8.2.7.1) 

𝑉𝑢𝑐 = 𝛽1𝛽2𝛽3𝑏𝑣𝑑0𝑓𝑐𝑣 (
𝐴𝑠𝑡

𝑏𝑣𝑑0
)

1
3
 

 

𝑏𝑣 = (𝑏𝑤 − 0.5𝛴𝑑𝑑)        (AS3600-2009, Cl8.2.6) 

𝑏𝑣 = (1000𝑚𝑚 − 0) 

𝑏𝑣 = 1000𝑚𝑚 

 

𝛽1 = 1.1(1.6 −
𝑑0

1000
) ≥ 1.1      (AS3600-2009, Cl8.2.7.1) 

𝛽1 = 1.1(1.6 −
(500 − 40 −

20
2 )

1000
) ≥ 1.1 

𝛽1 = 1.265 

 

𝛽2 = 𝛽3 = 1 

 

𝑓𝑐𝑣 = 𝑓𝑐
,
1
3 ≤ 4𝑀𝑃𝑎 

𝑓𝑐𝑣 = 32
1
3 ≤ 4𝑀𝑃𝑎 

𝑓𝑐𝑣 = 3.17𝑀𝑃𝑎 ≤ 4𝑀𝑃𝑎 

 

𝐴𝑠𝑡 = 880𝑚𝑚2 

 

𝑑0 =Distance from outer most compressive fibre to centroid of outer most tensile steel. 
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𝑑0 = 500𝑚𝑚 − 40𝑚𝑚 −
12𝑚𝑚

2
 

𝑑0 = 454𝑚𝑚 

𝑉𝑢𝑐 = 1.265 × 1 × 1 × 1000 × 454 × 3.17 × (
880

1000 × 454
)

1
3

 

𝑉𝑢𝑐 = 227𝑘𝑁 

𝑉∗ ≤ 𝜙𝑉𝑢𝑐 

104𝑘𝑁 ≤× 0.7 × 227𝑘𝑛 

104𝑘𝑁 ≤ 159𝐾𝑛 

The concrete has the capacity to accommodate the shear force, therefore shear steel is not 

required. 

12.3.3.3.3 CRACK CONTROL 

Both barriers are located directly opposite and perpendicular to Bertram, Oxford, Cambridge 

and Plane Tree drive a collision loading perpendicular to the barrier is possible. Below are the 

crack control calculations for the barrier that should stop cracking for a head-on collision. This 

will reduce the need for barrier replacement upon collision. However, if a little cracking in the 

barrier is acceptable lighter reinforcement is suitable for use. 
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Figure 262: Visual Representation of Crack Control Steel and Neutral Axis 

 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 3𝑘𝑠 (
𝐴𝑐𝑡

𝑓𝑠
)       (AS5100.5-2004, Cl8.6.1) 

Where, 

𝑘𝑠 = 0.8        (AS5100.5-2004, Cl8.6.1) 

𝐴𝑐𝑡 = 𝐴𝑟𝑒𝑎 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑖𝑛 𝑡𝑒𝑛𝑠𝑖𝑙𝑒 𝑧𝑜𝑛𝑒 

𝑑𝑛 = 𝑘𝑢𝑑 

𝑑𝑛 = 0.36 × 500 

𝑑𝑛 = 180𝑚𝑚 

∴ 𝐴𝑐𝑡 = (500 − 180) × 1500 

𝐴𝑐𝑡 = 480000𝑚2 

𝑓𝑠 = 330𝑀𝑃𝑎 ≤ 500𝑀𝑃𝑎 ∴ 330𝑀𝑃𝑎 𝐺𝑜𝑣𝑒𝑟𝑛𝑠  (AS5100.5-2004, Table 8.6.1(a)) 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 3𝑘𝑠 (
𝐴𝑐𝑡

𝑓𝑠
) 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 3 × 0.8 × (
480000

330
) 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 3491𝑚𝑚2  

0.800m 

1.500m 

0.200m 

Collision Loading (104KN/m) Collision Loading (104KN/m) 

Neutral Axis 

0.180m 

Tension Steel 

Crack Control Steel 
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= N24-125 cts = 3600mm2 

12.3.3.3.4 LAP LENGTH FOR CRACK CONTROL STEEL 

As the horizontal shear reinforcement will require lapping we have made the conservitive 

decision to treat it as lapped splices for bars in tension. The tensile lap length is given by, 

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 𝑘7𝐿𝑠𝑦.𝑡 ≥ 29𝑘1𝑑𝑏       (AS3600 Cl 13.2.2) 

Where,  

𝑘7 = 1.25          (AS3600 Cl 13.2.2) 

𝐿𝑠𝑦.𝑡 = Development length  

The development length shall be taken as the basic development length given by,  

𝐿𝑠𝑦.𝑡𝑏 =
0.5𝑘1𝑘3𝑓𝑠𝑦𝑑𝑏

𝑘2√𝑓′𝑐
≥ 29𝑘1𝑑𝑏     (AS3600 Cl 13.1.2.2) 

As 𝐿𝑠𝑦.𝑡 is calculated for the use in equation 13.2.2, the lower limit of 29𝑘1𝑑𝑏 does not apply 

within equation 13.1.2.2) 

𝑓𝑠𝑦 = 500𝑀𝑃𝑎 

𝑑𝑏 = 24𝑚𝑚   

𝑓′𝑐 = 32𝑀𝑃𝑎 

𝑘1 = 1.3 (As 300mm of concrete is cast below the bar) 

𝑘2 =
(132 − 𝑑𝑏)

100
 

      =
(132 − 24)

100
 

      = 1.08 

𝑘3 = 1.0 − 0.15 ×
(𝑐𝑑 − 𝑑𝑏)

𝑑𝑏
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.7 ≤ 𝑘3 ≤ 1) 

 Cd = cover = 40 (Cover will be less than half of the bar spacing) (AS3600 Fig. 13.1.2.3(Aii)) 

𝑘3 = 1.0 − 0.15 ×
(40 − 24)

24
 

𝑘3 = 0.9 
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𝐿𝑠𝑦.𝑡𝑏 =
0.5 × 1.3 × 0.9 × 500 × 24

1.08 × √32
 

𝐿𝑠𝑦.𝑡𝑏 = 1149𝑚𝑚 

Therefore, the lap splices for bars in tension can be determined,  

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 1.25 × 1149 

∴ 𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 1436𝑚𝑚 

29𝑘1𝑑𝑏 = 29 × 1.3 × 24 

∴ 29𝑘1𝑑𝑏 = 905𝑚𝑚 

Therefore, the lap length for the bars in tension is taken as 1450mm to account for 

constructability.  

 

 TUNNEL EXCAVATION 

12.4.1 EGRESS/SERVICES CORRIDOR 

12.4.1.1 SUSPENDED SLAB 

The suspended slab spanning inside the egress and services corridor within the bridge over 

the Torrens River, will be subjected to various design loads. To obtain appropriate values, the 

structural department closely adhered to the structural design standard (AS/NZS 1170), 

namely part 0 (AS/NZS 1170.0) and part 1 (AS/NZS 1170.1), in conjunction with the concrete 

structures standard (AS 3600). 

It was determined the suspended would be exposed to different loads for the tunnel bridge 

and tunnel itself. This is due to the tunnel bridge walls reducing the span of the suspended 

slab and hence reducing the load. Therefore, the suspended slab will be designed for the 

tunnel section, as this will provide the maximum design loads. 

12.4.1.1.1 DESIGN LOADS 

12.4.1.1.1.1 DEAD LOAD 
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As per AS/NZS 1170.1 Section2, it is deemed that the self-weight of a material shall be 

calculated from the design dimensions or known dimensions and the unit weight as given in 

Appendix A. 

𝑆𝑒𝑙𝑓𝑤𝑒𝑖𝑔ℎ𝑡 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 × 𝑆𝑙𝑎𝑏 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 = 24 𝑘𝑁
𝑚3⁄     (Table A1, AS/NZS 1170.1) 

𝑆𝑙𝑎𝑏 𝑇ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 = 90 𝑚𝑚 (0.09 𝑚) 

 

∴ 𝑆𝑒𝑙𝑓𝑤𝑒𝑖𝑔ℎ𝑡 = 24 × 0.09 

∴ 𝑆𝑒𝑙𝑓𝑤𝑒𝑖𝑔ℎ𝑡 = 2.16𝑘𝑃𝑎  

𝐿𝑜𝑎𝑑 𝑤𝑖𝑑𝑡ℎ = 1000 𝑚𝑚 (1 𝑚)   (Design for 1m width) 

 

∴ 𝐺 = 2.16 𝑘𝑁
𝑚⁄  

12.4.1.1.1.2 LIVE LOAD CALCULATION 

As per AS/NZS 1170.1 Section 3, the procedure for determining the live load (Q) on structures 

and elements of structures or buildings shall be given as seen below: 

𝑄 = 4 𝑘𝑃𝑎     (Table 3.1 –AS/NZS 1170.1) 

12.4.1.1.1.3 LOAD COMBINATIONS FOR ULTIMATE LIMIT STATES (ULS) 

In regards to ultimate limit states, it was deemed appropriate to check the combinations of 

actions in reference to strength and serviceability for the use in designing structures, as per 

AS/NZS 1170.0 Section 4. The critical load combination which will be used for design is, 

𝐹𝑑 = 1.2𝐺 + 1.5𝑄 

 

𝐺 = 2.2 𝑘𝑁
𝑚⁄  

𝑄 = 4 𝑘𝑁
𝑚⁄  
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∴ 𝐹𝑑 = 1.2(2.16) + 1.5(4) 

∴ 𝐹𝑑 = 8.60 𝑘𝑁
𝑚⁄  

 

 

12.4.1.1.1.4 DESIGN BENDING MOMENT  

𝑀∗ =
𝐹𝑑𝑙2

8
 

𝑀∗ =
8.60 × 1.72

8
 

𝑀∗ = 3.1 𝑘𝑁𝑚 

12.4.1.1.1.5 DESIGN SHEAR FORCE  

𝑉∗ =
𝐹𝑑𝑙

2
 

𝑉∗ =
8.60 × 1.7

2
 

𝑉∗ = 7.3 𝑘𝑁 

12.4.1.1.2 ULTIMATE STRENGTH DESIGN FOR SUSPENDED SLAB 

The suspended slab can be classified as member in an interior environment within a building 

or structure that is fully enclosed except for a brief period of weather exposure during 

construction. It is also considered to not be a non-residential structure.   

∴ 𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝐶𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑐𝑎𝑖𝑡𝑜𝑛 = 𝐴2     (Table 4.3, AS 3600) 

To satisfy minimum strength and curing requirements, the compressive strength of the 

concrete should be at least 25 MPa as specified in Table 4.4 of AS 3600. However, the 

department recommends a more conservative compressive strength. 

∴ 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝑓𝑐
′) = 32 𝑀𝑃𝑎 

∴ 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐶𝑜𝑣𝑒𝑟 = 25𝑚𝑚      (Table 4.10.3.2, AS 3600) 

 

𝑑 = 𝐷 − 𝐶𝑜𝑣𝑒𝑟 −
1

2
 𝐵𝑎𝑟 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟    
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𝐷 = 90 𝑚𝑚 

𝐶𝑜𝑣𝑒𝑟 = 25 𝑚𝑚 

𝐵𝑎𝑟 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 12 𝑚𝑚 (𝑁12)   

 

∴ 𝑑 = 90 − 25 −
1

2
 (12) 

∴ 𝑑 = 59 𝑚𝑚 

 

M* = 3.1 kNm 

Bar size = N12        (Assumed) 

Cover = 25mm        

Depth of Slab = 90mm       

d = 59mm 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝜙
 

∴ 𝑀𝑢 ≥
3.1

0.8
 

∴ 𝑀𝑢 ≥  3.9 𝑘𝑁𝑚/𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
59

1000
 

𝑍𝑢 = 0.055𝑚 

∴ 𝑇 =
3.9

0.055
 

∴ 𝑇 = 71 𝑘𝑁/𝑚 
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𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

Where, 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
71 × 103

500
 

∴ 𝐴𝑠𝑡 = 142 𝑚𝑚2 

As we now have our area of tensile steel, we can translate this into an appropriate number of 

spacing’s and area of tensile steel required based on the choice of using N12 Bars. This was 

done by utilising the ARC Reinforced Handbook. 

Therefore we are going to try N12 @ 750mm cts,  𝐴𝑠𝑡 = 147 𝑚𝑚2

𝑚⁄  

 

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 147 

𝑇 = 74 𝑘𝑁 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 1.0 − 0.003𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛  0.67 ≤ 𝛼2 ≤ 0.85)   (AS3600 Cl 8.1.3(1)) 

𝛼2 = 1.0 − (0.003 × 32) 

𝛼2 = 0.904 

∴ 𝛼2 = 0.85 

𝛾 = 1.05 − 0.007𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.67 ≤ 𝛾 ≤ 0.85)   (AS3600 Cl 8.1.3(2)) 

𝛾 = 1.05 − (0.007 × 32) 

∴ 𝛾 = 0.826 
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∴ 𝑘𝑢 = 
74 × 103

0.85 × 32 × 1000 × 0.826 × 59
 

𝑘𝑢 = 0.056 < 0.36 

Therefore Ductile. 

 

𝜙𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 74(59 − 0.5 × 0.826 × 0.056 × 59) 

∴ 𝜙𝑀𝑢 = 3.4 𝑘𝑁𝑚 > 𝑀∗(3.1 𝑘𝑁𝑚)  

Therefore adequate, so adopt N12 bars @ 750mm cts. 

12.4.1.1.3 MINIMUM STEEL REINFORCEMENT  

For minimum steel reinforcement, the suspended slab must comply with clause 8.1.6.1(2) of 

AS 3600.  

𝐴𝑠𝑡,𝑚𝑖𝑛 ≥ α𝑏(
𝐷

𝑑
)2(

𝑓′
𝑐𝑡.𝑓

𝑓𝑠𝑦
)𝑏𝑤𝑑    (Clause 8.1.6.1(2), AS 3600) 

 

α𝑏 = 0.2      (For rectangular sections, AS 3600) 

𝐷 = 90 𝑚𝑚 

𝑑 = 59 𝑚𝑚 

𝑓′𝑐 = 32 𝑀𝑃𝑎 

 

𝑓′
𝑐𝑡.𝑓

= 0.6√𝑓′𝑐 ≤ 4 𝑀𝑃𝑎 

∴ 𝑓′
𝑐𝑡.𝑓

= 0.6√32 

∴ 𝑓′
𝑐𝑡.𝑓

= 3.39 𝑀𝑃𝑎 ≤ 4 𝑀𝑃𝑎, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

∴ 𝐴𝑠𝑡,𝑚𝑖𝑛 ≥ 0.2 × (
90

59
)2 × (

3.39

500
) × 1000 × 59 

𝐴𝑠𝑡,𝑚𝑖𝑛 ≥ 186 𝑚𝑚2

𝑚⁄  
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∴ 𝐴𝑠𝑡,𝑚𝑖𝑛  (186 𝑚𝑚2

𝑚⁄ ) > 𝐴𝑠𝑡  (147 𝑚𝑚2

𝑚⁄ ) , 𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑒 𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 

 

Therefore  𝐴𝑠𝑡,𝑚𝑖𝑛 will govern. As there was no negative bending moment, this indicates that 

the only required reinforcement for the suspended slab is bottom reinforcement (positive).  

∴ 𝐴𝑑𝑜𝑝𝑡 𝑁12 @ 550 𝑐𝑡𝑠,  𝐴𝑠𝑡 = 200 𝑚𝑚2

𝑚⁄     (ARC Reinforcement Handbook) 

But as stated in AS 3600 Cl 9.4.1, the centre to centre spacing of bars shall not exceed 300mm. 

Therefore N12 bars at 300mm cts (367mm2) will be adopted. 

12.4.1.1.3.1 CRACK CONTROL REINFORCEMENT IN THE PRIMARY DIRECTION  

As per AS 3600, Clause 9.4.3.2,  no additional reinforcement is required to control expansion 

or contraction cracking if the area of reinforcement in the direction of the span of a one way 

slab, is not less than then the following: 

(a) The area required by AS 3600, Clause 9.1.1 

∴ 𝐴𝑠𝑡  (367 𝑚𝑚2

𝑚⁄ ) > 𝐴𝑠𝑡,𝑚𝑖𝑛  (186 𝑚𝑚2

𝑚⁄ ) , 𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑑 

 

(b) 75 % of the area required by one of the Clauses 9.4.3.3 to 9.4.3.5 

For a slab fully enclosed within a building except for a brief period of weather exposure during 

construction: 

Where a minor degree of control over cracking is required 

(1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3 

𝑏 = 1000 𝑚𝑚 (1𝑚) 

𝐷 = 90 𝑚𝑚 (0.09 𝑚) 

𝜎𝑐𝑝 = 0      (Used for prestressed concrete) 

 

∴ (1.75 − 2.5 × 0) × 1000 × 90 × 10−3 

= 158 𝑚𝑚2

𝑚⁄  
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∴ 75 % 𝑜𝑓 𝑎𝑟𝑒𝑎 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 0.75 × (1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3 

∴ 75 % 𝑜𝑓 𝑎𝑟𝑒𝑎 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 0.75 × 158 

∴ 75 % 𝑜𝑓 𝑎𝑟𝑒𝑎 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 = 119 𝑚𝑚2

𝑚⁄  

∴ 𝐴𝑠𝑡,  (367 𝑚𝑚2

𝑚⁄ ) > 75 % 𝑜𝑓 𝑎𝑟𝑒𝑎 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (119 𝑚𝑚2

𝑚⁄ ) 

 𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑑 

 

∴ 𝐴𝑑𝑜𝑝𝑡 𝑁12 @ 300 𝑐𝑡𝑠,  𝐴𝑠𝑡 =  367 𝑚𝑚2

𝑚⁄  𝑖𝑛 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

12.4.1.1.3.2 CRACK CONTROL REINFORCEMENT IN THE SECONDARY DIRECTION  

As per AS 3600, Clause 9.4.3.4,  where a slab is restrained from expanding or contracting in 

the secondary direction, the area of reinforcement in that direction shall be not less than the 

following, as appropriate: 

(a) For a slab fully enclosed within a building except for a brief period of weather 

exposure during construction: 

i. Where a minor degree of control over cracking is required 

(1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3 

 

∴ (1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3 

𝑏 = 1000 𝑚𝑚 (1𝑚) 

𝐷 = 90 𝑚𝑚 (0.09 𝑚) 

𝜎𝑐𝑝 = 0      (Used for prestressed concrete) 

 

∴ (1.75 − 2.5 × 0) × 1000 × 90 × 10−3 

= 158 𝑚𝑚2

𝑚⁄  

∴ 𝐴𝑠𝑡  (367 𝑚𝑚2

𝑚⁄ ) > 𝑇𝑜𝑝 𝑎𝑛𝑑 𝐵𝑜𝑡𝑡𝑜𝑚 𝑅𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 (158 𝑚𝑚2

𝑚⁄ ) 

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 𝑖𝑠 𝑠𝑎𝑡𝑖𝑠𝑓𝑖𝑒𝑑 
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∴ 𝐴𝑑𝑜𝑝𝑡 𝑁12 @ 300 𝑐𝑡𝑠,  𝐴𝑠𝑡 =  367 𝑚𝑚2

𝑚⁄  𝑖𝑛 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 

12.4.1.1.4 SHEAR CAPACITY  

As per AS 3600, clause 8.2.7.1, the ultimate shear strength of a reinforced slab excluding the 

contribution of shear reinforcement, shall be calculated from the following equation: 

𝑉𝑢𝑐 = 𝛽1𝛽2𝛽3𝑏𝑣𝑑0𝑓𝑐𝑣 (
𝐴𝑠𝑡

𝑏𝑣𝑑0
)

1

3
     (Clause 8.2.7.1, AS3600)  

In order to design the slab for ultimate shear strength, the shear force which is was found to 

be the following.  

The design moment was: 

𝑉∗ = 7.26 𝑘𝑁
𝑚⁄        

 

∴ 𝑉∗ ≤  𝑉𝑢𝑐 

𝛽1 = 1.1(1.6 −
𝑑0

1000
) ≥ 1.1      

𝑑0 = 𝐷 − 𝐶𝑜𝑣𝑒𝑟 −
1

2
𝐵𝑎𝑟 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

∴ 𝑑0 = 90 − 25 −
1

2
(12) 

∴ 𝑑0 = 90 − 25 − 6 

∴ 𝑑0 = 59 𝑚𝑚 

∴ 𝛽1 = 1.1 (1.6 −
59

1000
) ≥ 1.1 

∴ 𝛽1 = 1.7 ≥ 1.1, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

   

𝛽2 = 1       (Subject to pure bending) 

𝛽3 = 1       (As taken in Clause 8.2.7.1, AS 3600) 

  

𝑓𝑐𝑣 = 𝑓𝑐
,
1
3 ≤ 4𝑀𝑃𝑎 

𝑓𝑐𝑣 = (32)
1
3 ≤ 4𝑀𝑃𝑎 
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𝑓𝑐𝑣 = 3.17𝑀𝑃𝑎 ≤ 4𝑀𝑃𝑎, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

𝑏𝑣 = (𝑏𝑤 − 0.5𝛴𝑑𝑑)       (Clause 8.2.6, AS 3600) 

𝑏𝑣 = (1000 𝑚𝑚 − 0) 

𝑏𝑣 = 1000 𝑚𝑚 

𝐴𝑠𝑡 = 200 𝑚𝑚2 

 

∴ 𝑉𝑢𝑐 = 0.7 × 1.7 × 1 × 1 × 1000 × 3.17 × 59 × (
200

1000 × 59
)

1
3
 

∴ 𝑉𝑢𝑐 = 33 𝑘𝑁
𝑚⁄ > 7.26 𝑘𝑁

𝑚⁄  (𝑉∗) 

∴ 𝑁𝑜 𝑠ℎ𝑒𝑎𝑟 𝑟𝑒𝑖𝑛𝑓𝑜𝑟𝑐𝑒𝑚𝑒𝑛𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑎𝑠 𝑉∗ ≤ 𝜃𝑉𝑢𝑐 𝑎𝑛𝑑 𝐷(90 𝑚𝑚) ≤ 750𝑚𝑚𝑚 

 

Hence this is okay 

12.4.1.2 SPEEDPANEL 

12.4.1.2.1 PANEL DIMENSIONS  

The 78 mm panel chosen to be part of the Speedpanel wall system can be seen below in Figure 

263, which outlines the dimensions and overall properties associated with the specified panel. 

 

Figure 263: 78 mm Panel Properties (Speedpanel 2016) 
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12.4.1.2.2 METHODOLOGY FOR HORIZONTAL SPEEDPANEL WALL SYSTEM  

 

The following figures outline the methodology used for the installation of the horizontal 

Speedpanel wall system in chronological order, as specified by the manufacturer Speedpanel 

Australia LTD. 

 

Figure 264: Step 1 - Installing Equal Engle Head Tracks into Place (Speedpanel 2016, p. 70) 

 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 647 | 708 

Version 2.0 

 

Figure 265: Step 2 - Continuation of Installing Equal Angle Head Tracks into Place (Speedpanel 2016, p. 70) 

 

 

 

Figure 266: Step 3 - Fold C Head Track Flange (Speedpanel 2016, p. 71) 
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Figure 267: Step 4 - Placing Equal Angle Head Track (Speedpanel 2016, p. 71) 

 

 

Figure 268: Step 5 - Fix and Seal (Speedpanel 2016, p. 72) 
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Figure 269: Step 6 - Continuation of Fixing and Sealing (Speedpanel 2016, p. 72) 

 

 

Figure 270: Step 7 - Placing Equal Angle Head Track Protection (Speedpanel, p. 73) 
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Figure 271: Step 8 - Sealing and Finishing (Speedpanel 2016, p. 73) 
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12.4.1.2.3 SPEEDPANEL COLUMN DESIGN  

The steel hollow section (SHS) Speedpanel column located within the egress and services 

corridor that makes up a component of the bridge spanning over the River Torrens, will be 

subjected to a load of an axial compressive nature. This is primarily due to the various actions 

being applied from the suspended slab and top slab of the tunnel structure. 

As the SHS Speedpanel column is considered to be a compressive member, the design of this 

structural component will adhere to the stipulations outlined in the steel structures standard 

(AS 4100).  It was determined the column would be exposed to different loads for the tunnel 

bridge and tunnel itself. This is due to the tunnel bridge walls reducing the span of the 

suspended slab and hence reduced load on the supporting column. Therefore the column will 

be designed for the tunnel section. 

12.4.1.2.3.1 DESIGN LOADS 

The following procedures and calculations as stipulated in accordance with AS 4100, are for 

the design of the SHS Speedpanel column spanning the tunnel. Due to the position that the 

SHS Speedpanel column is located in, it can be defined that the following loads will be applied 

to the structural component as highlighted in Figure 272 and the equation provided as well.  

 

 

 

 

 

 

 

 

Figure 272: Design Loads Being Applied to SHS Speedpanel Column 

 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝐴𝑥𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 (𝑁∗) = 𝑊 ×
𝑆

2
× 𝐷 × 𝐿 

Forces acting through column 

and into bottom slab 
Forces acting through 

suspended slab and into SHS 
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𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒 (𝑊) = 24 𝑘𝑁
𝑚3⁄  

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑆𝑝𝑒𝑒𝑑𝑝𝑎𝑛𝑒𝑙 (𝐿) = 4𝑚 (4000 𝑚𝑚) 

𝑆𝑝𝑎𝑛 𝑜𝑓 𝑆𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝑆𝑙𝑎𝑏 (𝑆) = 1.7 𝑚 (1700 𝑚𝑚) 

𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝑆𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝑆𝑙𝑎𝑏 (𝐷) = 90 𝑚𝑚 (0.09 𝑚)   

 

∴ 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝐴𝑥𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 (𝑁∗) = 24 × (
1.7

2
) × 0.09 × 4 

∴ 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝐴𝑥𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 (𝑁∗) = 7.344 

∴ 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝐴𝑥𝑖𝑎𝑙 𝐿𝑜𝑎𝑑 (𝑁∗) = 7.34 𝑘𝑁 

Therefore due to the nature of the SHS Speedpanel column having equal angles placed 

adjacently, for the purposes of stabilizing the speedpanels installed which act upon the 

column, it is then stated that these play an integral role of an eccentric load that is being 

applied to the column.  

 

Fundamentally, eccentricity of a column refers to the offsetting of the axial compressive load 

from the centroid of the column, where the axial compressive load is acting. This in turn 

creates a bending moment in conjunction with axial stress. This can be seen in Figure 273 and 

the calculations provided below.  

 

Figure 273: Eccentricity Length from SHS Column and Equal Angles for Speedpanels 

Eccentricity Length 

100 × 100 × 2 SHS 

50 × 50 × Equal Angles 
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Upon recognition of the space vacant and knowledge of plausible sizes of columns to select 

and design from based upon expected minimal moments, a 100 × 100 × 2 mm  SHS column in 

conjunction with a  50 × 50 mm equal angles was chosen. 

𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 =
1

2
(𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝐶𝑜𝑙𝑢𝑚𝑛) +

1

2
(𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝐸𝑞𝑢𝑎𝑙 𝐴𝑛𝑔𝑙𝑒) 

 

𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝐶𝑜𝑙𝑢𝑚𝑛 = 100 𝑚𝑚 (0.01 𝑚) 

𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝐸𝑞𝑢𝑎𝑙 𝐴𝑛𝑔𝑙𝑒 = 50 𝑚𝑚 

 

∴ 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 =
1

2
(100) +

1

2
(50) 

∴ 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 75 𝑚𝑚 (0.075 𝑚) 

 

∴ 𝑀∗ = 𝑁∗ × 𝐸𝑐𝑐𝑒𝑛𝑡𝑟𝑖𝑐𝑖𝑡𝑦 

∴ 𝑀∗ = 7.34 × 0.075 

∴ 𝑀∗ = 0.55 𝑘𝑁𝑚 

 

12.4.1.2.3.2 COLUMN DESIGN  

12.4.1.2.3.2.1 COMPRESSIVE CAPACITY  

In accordance with AS4100, Section 6, axial compression is defined to be a concentrically 

loaded member subjected to a design axial compression force that shall satisfy the 

requirements of the equations below based on the nominal section and member capacity. 

𝑁∗ ≤  𝑁𝑠      (Clause 6.2.1, AS 4100) 

𝑁∗ ≤  𝑁𝑐      (Clause 6.3.3, AS 4100) 

Section capacity  

As per AS 4100, Clause 6.2.1, the nominal section capacity of a concentrically loaded 

compression member shall be calculated as follows, as it considers yielding, which is 

effectively  a material failure only, but does make allowances for buckling. 
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𝑁∗ ≤  𝑁𝑠 

 

 𝑁𝑠 = 𝑘𝑓𝐴𝑛𝑓𝑦       (Clause 6.2.1, AS 4100) 

 

 = 0.9      (Table 3.4, AS 4100) 

𝑘𝑓 = 0.706          (Table 3.1(A), Onesteel Catalogue) 

𝐴𝑛 = 𝐴𝑔 = 774 𝑚2     (Table 3.1(A), Onesteel Catalogue) 

𝑓𝑦 = 350 𝑀𝑃𝑎     (Table 3.1(A), Onesteel Catalogue) 

 

∴  𝑁𝑠 = 0.9 × 0.706 × 350 × 774 

∴  𝑁𝑠 = 172 𝑘𝑁 

∴ 172 𝑘𝑁 ( 𝑁𝑠) > 7.34𝑘𝑁 (𝑁∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

Member capacity  

As per AS 4100, Clause 6.3.3, the nominal member capacity of a member of constant cross-

section subject to flexural buckling shall be determined as follows, as it considers overall 

buckling which is predominantly the critical case in comparison to nominal section capacity. 

Due to their being a lateral restraint for the SHS Speedpanel Columns, which is effectively the 

suspended slab, we will have to take in to account the effective lengths for the x and y axis, 

in order to determine the efficiency of the SHS Speedpanel column section.  Figure 274 below 

represents the effective lengths of the SHS Speedpanel Column. 

 

 

 

 

 

 

Figure 274: Effective Lengths for SHS Speedpanel Column 

𝐿𝑒𝑦 = 2.75 𝑚 

𝐿𝑒𝑥 = 5.5 𝑚 
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The following calculations represent the nominal member capacity for the x axis: 

 𝑁𝑐𝑥 = 𝛼𝑐𝑥𝑁𝑠 ≤ 𝑁𝑠  

λ𝑛𝑥 = (
𝑙𝑒𝑥
𝑟𝑥

)√𝑘𝑓√
𝑓𝑦

250
     (Clause 6.3.3, AS 4100) 

𝑙𝑒𝑥 = 5500 𝑚𝑚 (5.5 𝑚) 

𝑟𝑥 = 39.9 𝑚𝑚      (Table 3.1(A), Onesteel Catalogue) 

𝑘𝑓 = 0.706      (Table 3.1(A), Onesteel Catalogue) 

𝑓𝑦 = 350 𝑀𝑃𝑎     (Table 3.1(A), Onesteel Catalogue) 

 

∴ λ𝑛𝑥 = (
5500

39.9
)√1√

350

250
 

∴ λ𝑛𝑥 = 137 

 

In order to determine the slenderness reduction factor 𝛼𝑐𝑥, the member section constant 𝛼𝑏 

must be determined based upon the description of the section being designed. 

∴ 𝛼𝑏 = −0.5      (Table 6.3.3(2), AS 4100, as 𝑘𝑓 < 1) 

Therefore,as the value for the modified member slenderness and the compression member 

section constant have been found, using Table 6.3.3(3), AS 4100, the member slenderness 

reduction factor determined was 137. Therefore, linear interpolation is required, with the 

result as follows,  

∴ 𝛼𝑐𝑥 = 0.371 < 1, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

 = 0.9      (Table 3.4, AS 4100) 

 

∴  𝑁𝑐𝑥 = 𝛼𝑐𝑁𝑠 

∴  𝑁𝑐𝑥 = 0.9 × 0.371 × 172 

∴  𝑁𝑐𝑥 = 57 𝑘𝑁 
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∴ 57 𝑘𝑁 ( 𝑁𝑐𝑥) > 7.34 𝑘𝑁 (𝑁∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

∴ 57 𝑘𝑁 ( 𝑁𝑐𝑥) < 172 𝑘𝑁 ( 𝑁𝑠), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

The following calculations represent the nominal member capacity for the y axis: 

 𝑁𝑐𝑦 = (
𝑁𝑐𝑥

𝛼𝑐𝑥
)𝛼𝑐𝑦 

 

λ𝑛 = (
𝑙𝑒
𝑟
)√𝑘𝑓√

𝑓𝑦

250
     (Clause 6.3.3, AS 4100) 

 

λ𝑛𝑦 = (
𝑙𝑒𝑦
𝑟𝑦

)√𝑘𝑓
√

𝑓𝑦

250
 

𝑙𝑒𝑦 = 2750 𝑚𝑚 (2.75 𝑚) 

𝑟𝑦 = 39.9 𝑚𝑚      (Table 3.1(A), Onesteel Catalogue) 

𝑘𝑓 = 0.706      (Table 3.1(A), Onesteel Catalogue) 

𝑓𝑦 = 350 𝑀𝑃𝑎     (Table 3.1(A), Onesteel Catalogue) 

 

∴ λ𝑛𝑦 = (
2750

39.9
)√1√

350

250
 

∴ λ𝑛𝑦 = 69 

 

In order to determine the slenderness reduction factor 𝛼𝑐𝑦, the member section constant 𝛼𝑏 

must be determined based upon the description of the section being designed. 

∴ 𝛼𝑏 = −0.5      (Table 6.3.3(2), AS 4100, as 𝑘𝑓 < 1) 

Therefore as the value for the modified member slenderness and the compression member 

section constant have been found, using Table 6.3.3(3), AS 4100, the member slenderness 

reduction factor determined was 137. Therefore linear interpolation is required, with the 

result as follows,  
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∴ 𝛼𝑐𝑦 = 0.815 < 1, 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

 = 0.9      (Table 3.4, AS 4100) 

 

∴  𝑁𝑐𝑦 = (
𝑁𝑐𝑥

𝛼𝑐𝑥
) 𝛼𝑐𝑦 

∴  𝑁𝑐𝑦 = (
57

0.371
) × 0.815 

∴  𝑁𝑐𝑦 = 125 𝑘𝑁 

 

∴ 125 𝑘𝑁 ( 𝑁𝑐𝑦) > 7.34𝑘𝑁 (𝑁∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

∴ 125 𝑘𝑁 ( 𝑁𝑐𝑦) < 172 𝑘𝑁 ( 𝑁𝑠), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

∴ 137 (λ𝑛𝑥) > 69 (λ𝑛𝑦),   

12.4.1.2.3.2.2 BENDING CAPACITY  

As in in accordance with Clause 5.1, AS 3600, a member bent about the section major principal 

x-axis which is analysed by the elastic method shall satisfy the following: 

𝑀∗ ≤  𝑀𝑠𝑥 

𝑀∗ ≤  𝑀𝑏𝑥 

The following calculations below determine whether the column is fully laterally restrained 

or not. 

𝑙

𝑟𝑦
≤ (1800 + 1500𝛽𝑚) (

𝑏𝑓

𝑏𝑤
) (

250

𝑓𝑦
)  (Clause 5.3.2.4, AS 4100) 

 

𝑙 = 2750 𝑚𝑚 

𝑟𝑦 = 39.9 𝑚𝑚      (Table 3.1(A), Onesteel Catalogue) 
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𝛽𝑚 = −
(
𝑀∗

2 )

𝑀∗  

 

𝑀∗ = 0.55 𝑘𝑁
𝑚⁄  

𝑀∗

2
= 0.275 𝑘𝑁

𝑚⁄  

 

∴ 𝛽𝑚 = −
0.275

0.55
 

∴ 𝛽𝑚 = −0.5 

 

𝑏𝑓 = 100 𝑚𝑚      (Table 3.1(A), Onesteel Catalogue) 

𝑏𝑤 = 100 𝑚𝑚      (Table 3.1(A), Onesteel Catalogue) 

𝑓𝑦 = 350 𝑀𝑃𝑎     (Table 3.1(A), Onesteel Catalogue) 

 

∴
𝑙

𝑟𝑦
≤ (1800 + 1500𝛽𝑚) (

𝑏𝑓

𝑏𝑤
)(

250

𝑓𝑦
) 

69 ≤ 780 

Therefore the column is fully laterally restrained. 

 

As the SHS Speedpanel column is fully laterally restrained, this indicates that the nominal 

section capacity is equal to the nominal member capacity, which is outlined in the following 

calculations.  

 𝑀𝑠𝑥 =  𝑀𝑏𝑥 

∴  𝑀𝑠𝑥 = 𝑓𝑦𝑍𝑒𝑥 

     

 = 0.9      (Table 3.4, AS 4100) 

𝑓𝑦 = 350 𝑀𝑃𝑎     (Table 3.1(A), Onesteel Catalogue) 
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𝑍𝑒𝑥 = 20.2 × 103𝑚𝑚3    (Table 3.1(A), Onesteel Catalogue) 

 

∴  𝑀𝑠𝑥 = 0.9 × 350 × 20.2 × 103 

∴  𝑀𝑠𝑥 = 6.4 𝑘𝑁𝑚 

 

∴ 6.4 𝑘𝑁𝑚( 𝑀𝑠𝑥) > 0.55 𝑘𝑁𝑚(𝑀∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

∴  𝑀𝑠𝑥 (6.4 𝑘𝑁𝑚) =  𝑀𝑏𝑥 (6.4 𝑘𝑁𝑚) 

12.4.1.2.3.2.3 COMBINED ACTIONS  

As per Clause 8.1, AS 4100, a member subject to combined axial and bending actions shall be 

proportioned so that its design actions specified in Clause 8.2, in combination with the 

nominal section and member capacities, satisfies Clauses 8.3 and 8.4. 

The following represent values determined from above calculations that will be utilised in the 

calculations of combined actions.  

 = 0.9 

𝑁∗ = 7.34 𝑘𝑁 (𝐴𝑥𝑖𝑎𝑙 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝐿𝑜𝑎𝑑) 

 𝑁𝑠 = 172 𝑘𝑁 𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦) 

 𝑁𝑐𝑥 = 57 𝑘𝑁 (𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑚𝑒𝑚𝑏𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦) 

 𝑁𝑐𝑦 = 125 𝑘𝑁 (𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑚𝑒𝑚𝑏𝑒𝑟 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦)  

 𝑀𝑠𝑥 =  𝑀𝑏𝑥 = 6.4 𝑘𝑁𝑚 (𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑚𝑒𝑚𝑏𝑒𝑟 𝑚𝑜𝑚𝑒𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦) 

Section capacity  

In accordance with Clause 8.2, AS 4100, for checking the section capacity at a section, the 

design axial force, which may be tension or compression, shall be the force at the section, and 

the design bending moments shall be the bending moments at the section about the major 

and minor principal axes, respectively.  

Uniaxial Bending  
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Therefore adhering to Clause 8.3.2, AS 4100, where uniaxial bending occurs about the 

principal x axis, the following shall be satisfied: 

𝑀∗ ≤  𝑀𝑟𝑥 

 

∴  𝑀𝑟𝑥 =  𝑀𝑠𝑥 (1 −
𝑁∗

 𝑁𝑠
) 

∴  𝑀𝑟𝑥 = 6.4 × (1 −
6.37

172
) 

∴  𝑀𝑟𝑥 = 6.2 𝑘𝑁𝑚 

∴ 6.2 𝑘𝑁𝑚( 𝑀𝑟𝑥) > 0.55 𝑘𝑁𝑚(𝑀∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

 

Member capacity  

In accordance with Clause 8.2, AS 4100, for checking the member capacity, the design axial 

force shall be the maximum axial force in the member, and the design bending moments shall 

be the maximum bending moments in the member. 

In-plane capacity  

Therefore adhering to Clause 8.4.2.2, AS 4100, a member bent about a principal axis shall 

have sufficient in-plane capacity to satisfy the following: 

𝑀∗ ≤  𝑀𝑖𝑥 

 

∴  𝑀𝑖𝑥 =  𝑀𝑠𝑥 (1 −
𝑁∗

 𝑁𝑐𝑥
) 

∴  𝑀𝑖𝑥 = 6.4 × (1 −
6.37

57
) 

∴  𝑀𝑖𝑥 = 5.7 𝑘𝑁𝑚 

 

∴ 5.7 𝑘𝑁𝑚( 𝑀𝑖𝑥) > 0.55 𝑘𝑁𝑚(𝑀∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

Out-of-plane capacity  
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Therefore adhering to Clause 8.4.4.1, AS 4100, a member subject to a design axial 

compressive force and a design bending moment about its major principal x axis, and which 

may buckle laterally, shall satisfy Clause 8.4.2 and also the following: 

𝑀∗ ≤  𝑀𝑜𝑥 

∴  𝑀𝑜𝑥 =  𝑀𝑏𝑥 (1 −
𝑁∗

 𝑁𝑐𝑦
) 

∴  𝑀𝑖𝑥 = 6.4 × (1 −
6.37

125
) 

∴  𝑀𝑖𝑥 = 6.1 𝑘𝑁
𝑚⁄  

 

∴ 6.1 𝑘𝑁𝑚( 𝑀𝑖𝑥) > 0.55 𝑘𝑁𝑚 (𝑀∗), 𝑡ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 𝑜𝑘 

Hence SHS Speedpanel Column is satisfactory under applied loads 

12.4.2 EGRESS STRAIRWAY TO GRADE 

12.4.2.1 STAIRS 

12.4.2.1.1 GEOMETRY  

As stated is AS1657, there are limits on slope and the required geometry for stairways. Table 

180 demonstrates the limits that have to be satisfied.  

Table 180: Design Requirements for Stairways  

Design Component Requirements as Stated in AS1657 

Slope of Stairway 30-38° 

Width of Stairway 600mm (min) 

Stairs 2 ≤ Number of risers in a flight ≤ 18 

215mm ≤ Going (G) ≤ 355mm 

130mm ≤ Rises (R) ≤ 225mm 

540mm ≤ 2R + G ≤ 700mm 

Landings Length ≥ 600mm 

Width ≥ Width of Stairway 
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Headroom ≥ 2000mm 

Every landing shall provide standing space ≥ 600mm 

clear of cross traffic, door swing etc. 

NOTE: 

1) The components of the stairs stated are demonstrated in Figure 275. 

 

 

 

 

 

 

 

 

 

Figure 275: Components of Stairs 

Flight 1 and Flight 2 

Vertical Distance stairs have to reach = 2800mm  

 

 

 

 

 

Figure 276: Horizontal Span Required for Stairway from Services Corridor to Underside of Tunnel Ceiling 

tan 35 =
2800

𝑎
 

∴ 𝑎 =
2800

tan 35
= 4000𝑚𝑚 

Going = G 

Rise = 

2800mm

a 

35° 
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Assume Rise = 175mm 

𝑁𝑜. 𝑅𝑖𝑠𝑒𝑠 =
𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠𝑝𝑎𝑛

𝑅𝑖𝑠𝑒
=

2800

175
= 16 

𝐺𝑜𝑖𝑛𝑔 (𝐺) 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 =
𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑠𝑝𝑎𝑛

𝑁𝑜. 𝑅𝑖𝑠𝑒𝑠 − 1
=

4000

15
= 267𝑚𝑚 

∴ 2𝑅 + 𝐺 = 2 × 175 + 267 = 617 

Therefore the geometry of the stairway satisfies all limits. 

Underside of Tunnel Ceiling to Ground Surface 

Vertical Distance stairs have to reach = 725mm +500 (thickness of plank) = 1225mm 

The thickness of the plank was taken as 500mm, as this is the dimension of the tunnel ceiling 

where the emergency egress stairway will return to ground surface. 

 

 

 

 

 

Figure 277: Horizontal Span Required for Stairway from Tunnel Base to Services Corridor 

tan 35 =
1225

𝑎
 

∴ 𝑎 =
1225

tan 35
= 1749𝑚𝑚 

Assume Rise = 175mm 

𝑁𝑜. 𝑅𝑖𝑠𝑒𝑠 =
𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑠𝑝𝑎𝑛

𝑅𝑖𝑠𝑒
=

1225

175
= 7 

𝐺𝑜𝑖𝑛𝑔 (𝐺) 𝐷𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛 =
𝐻𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 𝑠𝑝𝑎𝑛

𝑁𝑜. 𝑅𝑖𝑠𝑒𝑠 − 1
=

1749

6
= 292𝑚𝑚 

∴ 2𝑅 + 𝐺 = 2 × 175 + 292 = 642 

Therefore the geometry of the stairway satisfies all limits. 

Table 181 demonstrates the final dimensions for the components of the Stairway. 

  

1225 mm 

a 

35° 
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Table 181: Design Requirements for Stairways  

Design Component Requirements as Stated in AS1657 

Slope of Stairway 35° 

Width of Stairway 1000mm. 

Stairs 

Flight 1 and Flight 2 
Rise (R) = 175mm 

Going (G) =267mm 

Flight 3 
Rise (R) = 175 

Going (G) = 267 

Landings 
Length = 2500mm 

Width = 2100mm 

NOTES: 

1) The dimensions of the Landing are considered for two flights of stairs as 

demonstrated in Figure 278. 

2) The landing dimensions are based on allowing wheelchair provisions on the tunnel 

base level in the case of an emergency, where wheelchair bound patrons can seek 

shelter as the stairway will be enclosed by Speedpanels which have a -/240/240 FRL. 

3) The design loads will be based on the first and second flight of stairs as this will 

provide the most significant dead load. 

 

 

 

 

 

Figure 278: Landing Dimensions 

 

 

Landing Length 

Landing 

Width 
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12.4.2.1.2 DESIGN LOADS 

Dead Load 

𝑤𝐷𝐿 = (𝑡√𝑅2 + 𝐺2 +
1

2
𝑅𝐺) ×

𝑈𝑛𝑖𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑜𝑛𝑐𝑟𝑒𝑡𝑒

𝐺
 

∴ 𝑤𝐷𝐿 = (0.18√0.182 + 0.252 +
1

2
× 0.18 × 0.25) ×

24

0.25
 

∴ 𝑤𝐷𝐿 = 7.48 𝑘𝑁/𝑚 

Live Load 

The live load to be applied as stated in AS1170.1 shall be, 

𝑤𝐿𝐿 = 4 𝑘𝑃𝑎 

∴ 𝑤𝐿𝐿 = 4 𝑘𝑁/𝑚         (Stair width = 1m) 

Strength Load Combination 

𝑤𝑈 = 1.2𝑤𝐷𝐿 + 1.5𝑤𝐿𝐿 

∴ 𝑤𝑈 = 1.2(7.48) + 1.5(4) 

∴ 𝑤𝑢 = 15 𝑘𝑁/𝑚 

Design Moment 

𝑀∗ =
𝑤𝑢𝑙2

8
 

𝑀∗ =
15 × 42

8
 

𝑀∗ = 30𝑘𝑁𝑚 

12.4.2.1.3 STAIR DESIGN  

Minimum steel required  

Bar size = N12         (Assumed) 

The exposure classification is A2, therefore  

Cover = 25mm        (AS3600 T4.10.3.2) 

Depth of Slab = 180mm       
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𝑑 = 𝐷 − 𝑐𝑜𝑣𝑒𝑟 −
1

2
 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 180 − 25 − (0.5 × 12) 

∴ 𝑑 = 149𝑚𝑚 

𝐴𝑠𝑡,𝑚𝑖𝑛

𝑏𝑑
= 0.19 × (

𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
      (AS3600 Cl 9.1.1(b)) 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑑 

𝑓′𝑐𝑡.𝑓 = 0.6√𝑓′𝑐       (AS3600 Cl 3.1.1.3) 

𝑓′𝑐𝑡.𝑓 = 0.6√32 = 3.39 𝑀𝑃𝑎 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
180

149
)
2

× 
3.39

500
× 1000 × 149 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 280 𝑚𝑚2 

Therefore the minimum steel required is N12 bars at 375 cts (293mm2). 

Design for Bending  

M* = 30 kNm 

Bar size = N12        (Assumed) 

Cover = 25mm        

Depth of Slab = 180mm       

d = 149mm 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝜙
 

∴ 𝑀𝑢 ≥
29

0.8
 

∴ 𝑀𝑢 ≥  36 𝑘𝑁𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 
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𝑍𝑢 = 0.925 ×
149

1000
 

𝑍𝑢 = 0.14𝑚 

∴ 𝑇 =
36

0.14
 

∴ 𝑇 = 257 𝑘𝑁/𝑚 

  

𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

Where, 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
257 × 103

500
 

∴ 𝐴𝑠𝑡 = 514 𝑚𝑚2 

As Ast>Ast,min , the calculated area of steel reinforcement governs for the design. Therefore try 

N12 bars at 200mm cts (550mm2/m) 

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 550 

𝑇 = 275 𝑘𝑁 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 1.0 − 0.003𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛  0.67 ≤ 𝛼2 ≤ 0.85)      (AS3600 Cl 8.1.3(1)) 

𝛼2 = 1.0 − (0.003 × 32) 

𝛼2 = 0.904 

∴ 𝛼2 = 0.85 

𝛾 = 1.05 − 0.007𝑓′
𝑐
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.67 ≤ 𝛾 ≤ 0.85)   (AS3600 Cl 8.1.3(2)) 
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𝛾 = 1.05 − (0.007 × 32) 

∴ 𝛾 = 0.826 

 

∴ 𝑘𝑢 = 
275 × 103

0.85 × 32 × 1000 × 0.826 × 149
 

𝑘𝑢 = 0.082 < 0.36 

Therefore Ductile. 

 

𝜙𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 275(149 − 0.5 × 0.826 × 0.082 × 149) 

∴ 𝜙𝑀𝑢 = 32 𝑘𝑁𝑚 > 𝑀∗(30 𝑘𝑁𝑚)  

Therefore adequate, so adopt N12 bars at 200mm cts. 

It was decided that a minor degree of crack control will be implemented, as the stairway will 

only be used in the case of an emergency and not day to day use. Therefore the minimum 

area of steel for crack control in the secondary direction is given by, 

𝐴𝑠𝑡 = (1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3     (AS3600 Cl 9.4.3.4(aii)) 

As there is no prestress applied to the concrete 𝜎𝑐𝑝 = 0. 

∴ 𝐴𝑠𝑡 = 1.75𝑏𝐷 × 10−3 

Where, 

b = 1000mm 

D = 180mm 

∴ 𝐴𝑠𝑡 = 1.75 × 180 × 1000 × 10−3 

∴ 𝐴𝑠𝑡 = 315𝑚𝑚2 

Therefore N12 bars at 350mm cts satisfies this requirement. But as stated in AS 3600 Cl 9.4.1, 

the centre to centre spacing of bars shall not exceed 300mm. Therefore N12 bars at 300mm 

cts will be adopted in the secondary direction. 

12.4.2.2 LANDINGS 
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12.4.2.2.1 DESIGN LOADS 

Dead Load 

𝐷𝐿𝑆𝑡𝑎𝑖𝑟𝑠 = 7.48 𝑘𝑁/𝑚         

Due to the geometry of the stairway, half of the load from either flight of stairs will be 

transferred to the landing slab. Therefore the critical horizontal span (4000mm) will be taken 

and the length of half of the stair flight can be determined as follows  

 

 

 

 

 

Figure 279: Determining Design Load for Landing Slab 

cos 35 =
2000

𝑥
 

∴ 𝑥 =
2000

tan 35
= 2440𝑚𝑚 

∴ 𝐷𝐿𝑆𝑡𝑎𝑖𝑟𝑠 = 7.48 𝑘𝑁/𝑚 × 2.44𝑚 

As the stair case has a width of 1m the load will be divided by one, therefore, 

∴ 𝐷𝐿𝑆𝑡𝑎𝑖𝑟𝑠 = 18.3 𝑘𝑁/𝑚 

Assume landing slab has a depth of 150mm, while also designing for a one metre strip, the 

self-weight of the landing is given by, 

𝐷𝐿𝐿𝑎𝑛𝑑𝑖𝑛𝑔 = 24 𝑘𝑁/𝑚3 × 1𝑚 × 0.15𝑚 

𝐷𝐿𝐿𝑎𝑛𝑑𝑖𝑛𝑔 = 3.6 𝑘𝑁/𝑚 

Therefore the total dead load that will be applied to the landing slab is, 

𝑤𝐷𝐿 = 𝐷𝐿𝑆𝑡𝑎𝑖𝑟𝑠 + 𝐷𝐿𝐿𝑎𝑛𝑑𝑖𝑛𝑔 

𝑤𝐷𝐿 = 18.3 𝑘𝑁/𝑚 + 3.6𝑘𝑁/𝑚 

𝑤𝐷𝐿 = 21.9 𝑘𝑁/𝑚 

2800mm

4000mm 

35° 

x 
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Live Load 

𝑤𝐿𝐿 = 4 𝑘𝑃𝑎          

∴ 𝑤𝐿𝐿 = 4 𝑘𝑁/𝑚        (Design for 1m strip) 

Strength Load Combination 

𝑤𝑈 = 1.2𝑤𝐷𝐿 + 1.5𝑤𝐿𝐿 

∴ 𝑤𝑈 = 1.2(21.9) + 1.5(4) 

∴ 𝑤𝑢 = 32.3 𝑘𝑁/𝑚 

Design Moment 

𝑀∗ =
𝑤𝑢𝑙2

8
 

𝑀∗ =
32.3 × 2.12

8
 

𝑀∗ = 18𝑘𝑁𝑚 

 

 

12.4.2.2.2 LANDING DESIGN  

Minimum steel required  

Bar size = N12        (Assumed) 

The exposure classifications is A2, therefore 

Cover = 25mm        (AS3600 T4.10.3.2) 

Depth of Slab = 180mm       

𝑑 = 𝐷 − 𝑐𝑜𝑣𝑒𝑟 −
1

2
 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 180 − 25 − (0.5 × 12) 

∴ 𝑑 = 149𝑚𝑚 

𝐴𝑠𝑡,𝑚𝑖𝑛

𝑏𝑑
= 0.19 × (

𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
      (AS3600 Cl 9.1.1(b)) 



Detailed Design Report  

UNCONTROLLED WHEN PRINTED       Page 671 | 708 

Version 2.0 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑑 

𝑓′𝑐𝑡.𝑓 = 3.39 𝑀𝑃𝑎         

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
180

149
)
2

× 
3.39

500
× 1000 × 149 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 280 𝑚𝑚2 

Therefore the minimum steel required is N12 bars at 375 cts (293mm2). 

Design for Bending  

M* = 18 kNm 

Bar size = N12         

Cover = 25mm        

Depth of Slab = 180mm       

d = 149mm 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝜙
 

∴ 𝑀𝑢 ≥
18

0.8
 

∴ 𝑀𝑢 ≥  23 𝑘𝑁𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
149

1000
 

𝑍𝑢 = 0.14𝑚 

∴ 𝑇 =
23

0.14
 

∴ 𝑇 = 164 𝑘𝑁/𝑚 
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𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

Where, 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
164 × 103

500
 

∴ 𝐴𝑠𝑡 = 328 𝑚𝑚2 

As Ast>Ast,min , the calculated area of steel reinforcement governs for the design. Therefore try 

N12 bars at 275mm cts (400mm2/m) 

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 400 

𝑇 = 200 𝑘𝑁 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 0.85            

𝛾 = 0.826           

 

∴ 𝑘𝑢 = 
200 × 103

0.85 × 32 × 1000 × 0.826 × 149
 

𝑘𝑢 = 0.060 < 0.36 

Therefore Ductile. 

 

𝜙𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 200(149 − 0.5 × 0.826 × 0.060 × 149) 

∴ 𝜙𝑀𝑢 = 23 𝑘𝑁𝑚 > 𝑀∗(18 𝑘𝑁𝑚)  

Therefore adequate, so adopt N12 bars at 275mm cts. 
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It was decided that a minor degree of crack control will be implemented (refer to stair design 

for reasoning). Therefore the minimum area of steel for crack control in the secondary 

direction is given by, 

𝐴𝑠𝑡 = (1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3     (AS3600 Cl 9.4.3.4(aii)) 

As there is no prestress applied to the concrete 𝜎𝑐𝑝 = 0. 

∴ 𝐴𝑠𝑡 = 1.75𝑏𝐷 × 10−3 

Where, 

b = 1000mm 

D = 180mm 

∴ 𝐴𝑠𝑡 = 1.75 × 180 × 1000 × 10−3 

∴ 𝐴𝑠𝑡 = 315𝑚𝑚2 

Therefore N12 bars at 350mm cts satisfies this requirement. But as stated in AS 3600 Cl 9.4.1, 

the centre to centre spacing of bars shall not exceed 300mm. Therefore N12 bars at 300mm 

cts will be adopted in the secondary direction. 

12.4.2.2.3 LAP LENGTH FOR TENSION BARS WITH A STANDARD COG 

The tension reinforcement within the landings will require a standard cog, to allow and 

adequate connection to the wall. The tensile lap length for a standard cog is given by, 

0.5𝐿𝑠𝑦.𝑡.                                    (AS3600 F13.1.2.6) 

Where, 

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 𝑘7𝐿𝑠𝑦.𝑡 ≥ 29𝑘1𝑑𝑏       (AS3600 Cl 13.2.2) 

Where,  

𝑘7 = 1.25          (AS3600 Cl 13.2.2) 

𝐿𝑠𝑦.𝑡 = Development length  

The development length shall be taken as the basic development length given by,  

𝐿𝑠𝑦.𝑡𝑏 =
0.5𝑘1𝑘3𝑓𝑠𝑦𝑑𝑏

𝑘2√𝑓′𝑐
≥ 29𝑘1𝑑𝑏     (AS3600 Cl 13.1.2.2) 
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As 𝐿𝑠𝑦.𝑡 is calculated for the use in equation 13.2.2, the lower limit of 29𝑘1𝑑𝑏 does not apply 

within equation 13.1.2.2) 

𝑓𝑠𝑦 = 500𝑀𝑃𝑎 

𝑑𝑏 = 12𝑚𝑚   

𝑓′𝑐 = 32𝑀𝑃𝑎 

𝑘1 = 1 

𝑘2 =
(132 − 𝑑𝑏)

100
 

      =
(132 − 12)

100
 

      = 1.2 

𝑘3 = 1.0 − 0.15 ×
(𝑐𝑑 − 𝑑𝑏)

𝑑𝑏
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.7 ≤ 𝑘3 ≤ 1) 

 Cd = cover = 40 (Cover will be less than half of the bar spacing) (AS3600 Fig. 13.1.2.3(Aii)) 

𝑘3 = 1.0 − 0.15 ×
(25 − 12)

12
 

𝑘3 = 0.84 

𝐿𝑠𝑦.𝑡𝑏 =
0.5 × 1 × 0.84 × 500 × 12

1.2 × √32
 

𝐿𝑠𝑦.𝑡𝑏 = 371𝑚𝑚 

Therefore, the lap splices for bars in tension can be determined,  

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 1.25 × 371 

∴ 𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 464𝑚𝑚 

29𝑘1𝑑𝑏 = 29 × 1 × 12 

∴ 29𝑘1𝑑𝑏 = 348𝑚𝑚 

Therefore, the lap length for the bars in tension is 464mm, resulting in the lap length for the 

standard cog is as follows,  

0.5𝐿𝑠𝑦.𝑡. = 0.5 × 464 = 232𝑚𝑚 
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Therefore, the lap length for the standard cog bars is taken as 250mm to account for 

constructability. 

 

 

12.4.2.3 WALLS 

In order to design the walls for the emergency stairway to ground surface, two different walls 

have to be considered, these being the walls supporting the landings and the walls not 

supporting the landings. Once the critical wall is obtained, this will be applied to the design 

for all the associated walls. The analysis for each of the designs can be observed in the 

following sections.  

12.4.2.3.1 WALLS SUPPORTING LANDINGS 

12.4.2.3.1.1 DESIGN LOADS  

For the design of the wall the worst case soil layer will be considered across the height of the 

wall, rather than analyse the wall against the four different soil layers. The proposed analysis 

can be observed in Figure 280. As the load increases with depth, for simplicity two thirds of 

the maximum load will be taken and applied as a distributed load over the entire wall. After 

the load has been determined the wall will then be designed as a one way slab. 

 

 

 

 

 

 

 

 

 

Figure 280: Analysis for Stairway Wall 

Landin
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Table 182: Soil Parameters for the Worst-Case soil layer  

𝜸 (kN/m3) C’ (KPa) Φ (Deg) 

18 4 32 

 

𝜎′ = 𝑘𝑎𝜎′ − 2𝐶′√𝑘𝑎 

Where, 

𝑘𝑎 =
1 − sin𝜙

1 + sin𝜙
 

∴ 𝑘𝑎 =
1 − sin 32

1 + sin 32
= 0.31 

𝜎′ = 𝛾𝑧 

∴ 𝜎′ = 18 × 7.75 = 140𝑘𝑃𝑎 

∴ 𝜎′ = 0.31 × 140 − 2 × 4√0.31 

∴ 𝜎′ = 39 𝑘𝑃𝑎 

Therefore the load considered for design is, 

∴ 𝜎′ =
2

3
× 39 𝑘𝑃𝑎 = 26𝑘𝑃𝑎 

The wall will then be designed for a 1m strip, therefore,  

𝑤 = 26𝑘𝑁/𝑚 

Strength load combination 

Due to the behaviour of soil being extremely unpredictable, the following load combination 

will be considered,  

𝑤𝑢 = 1.5𝑤 

∴ 𝑤𝑢 = 1.5 ×
26𝑘𝑁

𝑚
= 39𝑘𝑁/𝑚 

 

Design Moment 

𝑀∗ =
𝑤𝑢𝑙2

8
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𝑀∗ =
39 × 32

8
 

𝑀∗ = 44𝑘𝑁𝑚 

12.4.2.3.1.2 WALL DESIGN  

Minimum steel required  

Bar size = N12        (Assumed) 

The exposure classifications is A2, but as the walls will be in contact with the ground an 

additional 20mm of cover will be implemented as per AS 3600 Cl4.10.3.5 

Cover = 45mm         

Depth of Slab = 200mm       

𝑑 = 𝐷 − 𝑐𝑜𝑣𝑒𝑟 −
1

2
 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 200 − 45 − (0.5 × 12) 

∴ 𝑑 = 149𝑚𝑚 

𝐴𝑠𝑡,𝑚𝑖𝑛

𝑏𝑑
= 0.19 × (

𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
      (AS3600 Cl 9.1.1(b)) 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑑 

𝑓′𝑐𝑡.𝑓 = 3.39 𝑀𝑃𝑎         

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
200

149
)
2

× 
3.39

500
× 1000 × 149 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 346 𝑚𝑚2 

Therefore the minimum steel required is N12 bars at 300 cts (367mm2). 

 

Design for Bending  

M* = 44 kNm 

Bar size = N12         

Cover = 45mm        
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Depth of Slab = 200mm       

d = 149mm 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝜙
 

∴ 𝑀𝑢 ≥
44

0.8
 

∴ 𝑀𝑢 ≥  55 𝑘𝑁𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
149

1000
 

𝑍𝑢 = 0.14𝑚 

∴ 𝑇 =
55

0.14
 

∴ 𝑇 = 393 𝑘𝑁/𝑚 

  

𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

Where, 

𝑓𝑠𝑦 = 500 𝑀𝑃𝑎 

∴ 𝐴𝑠𝑡 =
393 × 103

500
 

∴ 𝐴𝑠𝑡 = 786 𝑚𝑚2 

As Ast>Ast,min , the calculated area of steel reinforcement governs for the design. Therefore try 

N12 bars at 125mm cts (880mm2/m) 

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 880 

𝑇 = 440 𝑘𝑁 

From force equilibrium, 
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𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 0.85            

𝛾 = 0.826           

 

∴ 𝑘𝑢 = 
440 × 103

0.85 × 32 × 1000 × 0.826 × 149
 

𝑘𝑢 = 0.13 < 0.36 

Therefore Ductile. 

 

𝜙𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝜙𝑀𝑢 = 0.8 × 440(149 − 0.5 × 0.826 × 0.13 × 149) 

∴ 𝜙𝑀𝑢 = 50 𝑘𝑁𝑚 > 𝑀∗(44 𝑘𝑁𝑚)  

Therefore adequate, so adopt N12 bars at 125mm cts. 

It was decided that a minor degree of crack control will be implemented (refer to stair design 

for reasoning). Therefore the minimum area of steel for crack control in the secondary 

direction is given by, 

𝐴𝑠𝑡 = (1.75 − 2.5𝜎𝑐𝑝)𝑏𝐷 × 10−3     (AS3600 Cl 9.4.3.4(aii)) 

As there is no prestress applied to the concrete 𝜎𝑐𝑝 = 0. 

∴ 𝐴𝑠𝑡 = 1.75𝑏𝐷 × 10−3 

Where, 

b = 1000mm 

D = 200mm 

∴ 𝐴𝑠𝑡 = 1.75 × 150 × 1000 × 10−3 

∴ 𝐴𝑠𝑡 = 350𝑚𝑚2 
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Therefore N12 bars at 300mm cts satisfies this requirement, and will be adopted in the 

secondary direction. 

12.4.2.3.2 WALLS NOT SUPPORTING LANDINGS 

12.4.2.3.2.1 DESIGN LOADS 

𝐿𝑥 = 9000𝑚𝑚 

𝐿𝑦 = 9650𝑚𝑚 

𝐿𝑦

𝐿𝑥
= 

9650

9000
= 1.07 

As the wall was considered to be supported on all four sides, all edges will be discontinuous. 

Therefore by linear interpolation the following bending moment coefficients were obtained, 

βx = 0.063       (AS3600 T 6.10.3.2(A)) 

βy = 0.056       (AS3600 T 6.10.3.2(A)) 

Bending Moments – Positive 

The design load considered is the same as the previous wall design (39kPa) 

𝑀∗
𝑥 = 𝛽𝑥 𝐹𝑑 𝑙𝑥

2      (AS3600 Cl 6.10.3.2(1)) 

𝑀∗
𝑥 = 0.059 × 39 × 7.752 

𝑀∗
𝑥 = 199 𝑘𝑁𝑚/𝑚 

𝑀∗
𝑦 = 𝛽𝑦 𝐹𝑑 𝑙𝑥

2      (AS3600 Cl 6.10.3.2(2)) 

𝑀∗
𝑦 = 0.056 × 39 × 92 

𝑀∗
𝑦 = 177 𝑘𝑁𝑚/𝑚 

Bending Moments – Negative: Discontinuous  

𝑀∗
𝑥,𝑛𝑒𝑔 = 𝑀∗

𝑥  × 0.5     (AS3600 Cl 6.10.3.2(c)) 

𝑀∗
𝑥,𝑛𝑒𝑔 = 199 × 0.5 

𝑀∗
𝑥,𝑛𝑒𝑔 = 100 𝑘𝑁𝑚/𝑚 

𝑀∗
𝑦,𝑛𝑒𝑔 = 0.5 × 𝑀∗

𝑦      (AS3600 Cl 6.10.3.2(c)) 

𝑀∗
𝑦,𝑛𝑒𝑔 = 0.5 × 177 
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𝑀∗
𝑦,𝑛𝑒𝑔 = 89 𝑘𝑁𝑚/𝑚 

12.4.2.3.2.2 WALL DESIGN  

Minimum Tensile Steel Required 

X - Direction  

Bar size = N20       (Assumed) 

Cover = 45mm       

Depth of Slab = 250mm      

b = 1000mm        (Design for 1m width) 

The shorter direction transfers the larger bending moments, therefore the two most outer 

layers of steel reinforcement will be placed in this direction. 

Effective Depth = 195mm       

 

𝐴𝑠𝑡,𝑚𝑖𝑛

𝑏𝑑
= 0.19 × (

𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
          

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑑 

Where; 𝑓′𝑐𝑡.𝑓 = 0.6√𝑓′𝑐 

𝑓′𝑐𝑡.𝑓 = 0.6√32 = 3.39 𝑀𝑃𝑎 

𝐴𝑠𝑡,𝑚𝑖𝑛,𝑥 = 0.19 × (
250

195
)

2

× 
3.39

500
× 1000 × 195 

𝐴𝑠𝑡,𝑚𝑖𝑛,𝑥 = 413 𝑚𝑚2/𝑚 

Therefore the minimum steel required is N12 bars at 250mm cts (440mm2). 

Y – Direction  

Bar size = N20       (Assumed) 

Cover = 45mm       

Depth of Slab = 250mm      

b = 1000mm        (Design for 1m width) 
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The larger direction transfers the smaller bending moments, therefore the two most inner 

layers of steel reinforcement will be placed in this direction. 

𝑑 = 𝐷 − 𝑐𝑜𝑣𝑒𝑟 − 1.5 × 𝑏𝑎𝑟 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

𝑑 = 250 − 45 − (1.5 × 20) 

∴ 𝑑 = 175𝑚𝑚 

𝐴𝑠𝑡,𝑚𝑖𝑛

𝑏𝑑
= 0.19 × (

𝐷

𝑑
)
2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
 

𝐴𝑠𝑡,𝑚𝑖𝑛 = 0.19 × (
𝐷

𝑑
)

2

× 
𝑓′𝑐𝑡.𝑓

𝑓𝑠𝑦
× 𝑏𝑑 

Where; 𝑓′𝑐𝑡.𝑓 = 0.6√𝑓′𝑐      

𝑓′𝑐𝑡.𝑓 = 0.6√32 = 3.39 𝑀𝑃𝑎 

𝐴𝑠𝑡,𝑚𝑖𝑛,𝑦 = 0.19 × (
250

175
)
2

× 
3.39

500
× 1000 × 175 

𝐴𝑠𝑡,𝑚𝑖𝑛,𝑦 = 460 𝑚𝑚2/𝑚 

Therefore the minimum steel required is N12 bars at 225mm cts (489mm2). 

Required area of steel 

Required steel for x-direction positive moment 

𝑀∗
𝑥 = 199 𝑘𝑁𝑚/𝑚 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝑥

𝜙
 

∴ 𝑀𝑢 ≥
199

0.8
 

∴ 𝑀𝑢 ≥  249 𝑘𝑁𝑚/𝑚 

 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑑 = 219𝑚𝑚 

𝑍𝑢 = 0.925 ×
195

1000
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𝑍𝑢 = 0.18𝑚 

∴ 𝑇 =
173

0.18
 

∴ 𝑇 = 1383 𝑘𝑁/𝑚 

  

𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

∴ 𝐴𝑠𝑡 =
1383 × 103

500
 

∴ 𝐴𝑠𝑡 = 2766 𝑚𝑚2/𝑚 

As Ast > Ast,min, the required area of steel reinforcement governs for this design (Positive 

moment, therefore bottom reinforcement).  

Required steel for x-direction negative moment 

𝑀∗
𝑥,𝑛𝑒𝑔 = 100 𝑘𝑁𝑚/𝑚 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝑥,𝑛𝑒𝑔

𝜙
 

∴ 𝑀𝑢 ≥
100

0.8
 

∴ 𝑀𝑢 ≥  125 𝑘𝑁𝑚/𝑚 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
195

1000
 

𝑍𝑢 = 0.18𝑚 

∴ 𝑇 =
125

0.18
 

∴ 𝑇 = 694 𝑘𝑁/𝑚 

  

𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
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∴ 𝐴𝑠𝑡 =
694 × 103

500
 

∴ 𝐴𝑠𝑡 = 1388 𝑚𝑚2/𝑚 

As Ast > Ast,min, the required area of steel reinforcement governs for this design (Negative 

moment, therefore top reinforcement).  

 

Required steel for y-direction positive moment 

𝑀∗
𝑦 = 177 𝑘𝑁𝑚/𝑚 

𝑑𝑦 = 175𝑚𝑚 

 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝑦

𝜙
 

∴ 𝑀𝑢 ≥
177

0.8
 

∴ 𝑀𝑢 ≥  221 𝑘𝑁𝑚/𝑚 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
175

1000
 

𝑍𝑢 = 0.16𝑚 

∴ 𝑇 =
221

0.16
 

∴ 𝑇 = 1381 𝑘𝑁/𝑚 

  

𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

∴ 𝐴𝑠𝑡 =
1381 × 103

500
 

∴ 𝐴𝑠𝑡 = 2766 𝑚𝑚2/𝑚 
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As Ast > Ast,min, the required area of steel reinforcement governs for this design (Positive 

moment, therefore bottom reinforcement).  

 

 

Required steel for y-direction negative moment  

𝑀∗
𝑦,𝑛𝑒𝑔 = 89 𝑘𝑁𝑚/𝑚 

𝑀∗ ≤ 𝜙𝑀𝑢  ∴ 𝑀𝑢 ≥ 
𝑀∗

𝑦,𝑛𝑒𝑔

𝜙
 

∴ 𝑀𝑢 ≥
89

0.8
 

∴ 𝑀𝑢 ≥  111 𝑘𝑁𝑚/𝑚 

𝑀𝑢 = 𝑇 × 𝑍𝑢 

Where, 

𝑍𝑢 = 0.925𝑑 (𝑓𝑜𝑟 𝑠𝑙𝑎𝑏𝑠) 

𝑍𝑢 = 0.925 ×
175

1000
 

𝑍𝑢 = 0.16𝑚 

 

∴ 𝑇 =
111

0.16
 

∴ 𝑇 = 694 𝑘𝑁/𝑚 

 𝐴𝑠𝑡 =
𝑇

𝑓𝑠𝑦
 

∴ 𝐴𝑠𝑡 =
694 × 103

500
 

∴ 𝐴𝑠𝑡 = 1388 𝑚𝑚2/𝑚 

As Ast > Ast,min, the required area of steel reinforcement governs for this design (Negative 

moment, therefore top reinforcement).  

Therefore as the area of steel required in the x and y directions are equivalent, the design will 

be completed for the critical cases. 
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Design for positive moment 

Therefore try N20 bars at 100mm cts (3100mm2/m). 

𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 3100 

𝑇 = 1550 𝑘𝑁/𝑚 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 0.85        

𝛾 = 0.826        

 

∴ 𝑘𝑢 = 
1550 × 103

0.85 × 32 × 1000 × 0.826 × 195
 

𝑘𝑢 = 0.35 < 0.36 

Therefore Ductile. 

 

𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝑀𝑢 = 0.8 × 1550(195 − 0.5 × 0.826 × 0.35 × 195) 

∴ 𝑀𝑢 = 207𝑘𝑁𝑚/𝑚 > 𝑀∗
𝑥 (199𝑘𝑁𝑚/𝑚)  

Therefore adequate, so adopt N20 bars at 100mm cts, as bottom reinforcement in both 

directions. 

 

Design for negative moment 

Therefore try N20 bars at 200mm cts (1550mm2/m). 
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𝑇 =  𝑓𝑠𝑦𝐴𝑠𝑡 

𝑇 = 500 × 1550 

𝑇 = 775 𝑘𝑁/𝑚 

From force equilibrium, 

𝑇 = 𝐶 = 𝛼2 𝑓′𝑐𝑏𝛾𝑘𝑢 𝑑 

∴ 𝑘𝑢 = 
𝐶

𝛼2 𝑓′𝑐𝑏𝛾 𝑑
 

Where,  

𝛼2 = 0.85        

𝛾 = 0.826        

 

∴ 𝑘𝑢 = 
775 × 103

0.85 × 32 × 1000 × 0.826 × 175
 

𝑘𝑢 = 0.19 < 0.36 

Therefore Ductile. 

 

𝑀𝑢 = 𝜙𝑇(𝑑 − 0.5𝛾𝑘𝑢𝑑) 

∴ 𝑀𝑢 = 0.8 × 775(175 − 0.5 × 0.826 × 0.19 × 175) 

∴ 𝑀𝑢 = 100𝑘𝑁𝑚/𝑚 = 𝑀∗
𝑥,𝑛𝑒𝑔 (100𝑘𝑁𝑚/𝑚)  

Therefore adequate, so adopt N20 bars at 200mm cts, as top reinforcement in both 

directions. 

Therefore as the wall which does not support the landings is critical in terms of design, the 

properties associated with this design will be adapted to all walls within the emergency egress 

stairway. 

12.4.2.3.3 LAP LENGTH FOR BARS IN TENSION 

The tensile lap length is given by, 

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 𝑘7𝐿𝑠𝑦.𝑡 ≥ 29𝑘1𝑑𝑏       (AS3600 Cl 13.2.2) 
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Where,  

𝑘7 = 1.25          (AS3600 Cl 13.2.2) 

𝐿𝑠𝑦.𝑡 = Development length  

The development length shall be taken as the basic development length given by,  

𝐿𝑠𝑦.𝑡𝑏 =
0.5𝑘1𝑘3𝑓𝑠𝑦𝑑𝑏

𝑘2√𝑓′𝑐
≥ 29𝑘1𝑑𝑏     (AS3600 Cl 13.1.2.2) 

As 𝐿𝑠𝑦.𝑡 is calculated for the use in equation 13.2.2, the lower limit of 29𝑘1𝑑𝑏 does not apply 

within equation 13.1.2.2) 

𝑓𝑠𝑦 = 500𝑀𝑃𝑎 

𝑑𝑏 = 20𝑚𝑚   

𝑓′𝑐 = 32𝑀𝑃𝑎 

𝑘1 = 1 

𝑘2 =
(132 − 𝑑𝑏)

100
 

      =
(132 − 20)

100
 

      = 1.12 

𝑘3 = 1.0 − 0.15 ×
(𝑐𝑑 − 𝑑𝑏)

𝑑𝑏
 (𝑤𝑖𝑡ℎ𝑖𝑛 0.7 ≤ 𝑘3 ≤ 1) 

 Cd = cover = 45 (Cover will be less than half of the bar spacing) (AS3600 Fig. 13.1.2.3(Aii)) 

𝑘3 = 1.0 − 0.15 ×
(45 − 20)

20
 

𝑘3 = 0.81 

𝐿𝑠𝑦.𝑡𝑏 =
0.5 × 1 × 0.81 × 500 × 20

1.12 × √32
 

𝐿𝑠𝑦.𝑡𝑏 = 639𝑚𝑚 

Therefore, the lap splices for bars in tension can be determined,  

𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 1.25 × 639 

∴ 𝐿𝑠𝑦.𝑡.𝑙𝑎𝑝 = 798𝑚𝑚 
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29𝑘1𝑑𝑏 = 29 × 1 × 20 

∴ 29𝑘1𝑑𝑏 = 580𝑚𝑚 

Therefore, the lap length for the bars in tension is taken as 850mm to account for 

constructability. The lap length required for tension bars is greater than that required for 

compression bars, therefore the lap length of 850mm will be implemented across all wall 

reinforcement. 

 

 STRUCTURAL SPECIFICATIONS  

12.5.1 FORMWORK 

12.5.1.1 OBJECTIVES 

The primary objectives of the specifications in relation to formwork, are to provide specified 

requirements and regulations as stipulated in the many governing Australian and New 

Zealand Standards. 

12.5.1.2 SPECIFICATIONS ASSOCIATED 

The following specifications outlined below are found to be associated with the requirements 

stipulated for formwork. 

 Concrete Reinforcement 

 In-Situ Concrete 

 Prestressing 

 Concrete Finishes 

12.5.1.3 STANDARDS 

The following standards outlined below stipulate the requirements at which formwork is to 

be adhered by. 

 AS 3600 

 AS 3610 

12.5.1.4 GENERAL REQUIREMENTS  
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As per Clause 17.6.1, AS 3600, the design and construction of formwork shall comply with AS 

3610. Stripping of forms and removal of formwork supports from members cast in-situ shall 

comply with the requirements of clause 17.6.2 where these are more stringent than the 

relevant requirements of AS 3610.  

 

12.5.1.4.1 DESIGN 

In accordance with Clause 4.3, AS 3610, the design of the formwork will focus on the structural 

requirements which are stipulated below. 

As per Clause 4.3.2, AS 3610, the structural requirements emphasize three significant 

components in which analysis should be catered for, these are:   

a) Stability – The formwork assembly shall resist overturning, uplift, sliding and sideway 

under the action of all appropriate load combinations 

b) Strength – The formwork assembly and its component members shall withstand the 

effects of all appropriate load combinations 

c) Stiffness – The stiffness shall be such that the deformation under the appropriate 

loading on the formwork assembly and its component members does not exceed the 

limits specified in AS 3610 

12.5.1.4.2 CONSTRUCTION 

In accordance with Section 5, AS 3610, the design of the formwork will focus on the 

construction requirements which are stipulated below. 

For in-situ concrete, the following requirements are as stated:  

The formwork shall be erected, used and maintained in a manner that will ensure: 

a) A stable formwork assembly throughout all stages of construction 

b) Compliance with the formwork documentation and project documentation 

c) Formwork operations are not detrimental to the permanent structure 

The construction of formwork for in-situ concrete comes in 3 different stages which are 

outlined below: 

 Stage 1 – Erection of forms 

o Foundations 
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o Footings 

o Formwork assembly 

o Indicators 

o Formwork surface  

o Inspection 

 Stage 2 – Placement of concrete 

o Continuous supervision and of formwork assembly and concrete placement 

o Monitoring of indicators 

o Adjustments made if in the scenario of failure  

o Concrete placed and compacted 

 Stage 3 – Formwork stripping and after placement of concrete 

o Construction loads 

o Stripping times 

o Stripping procedures 

12.5.1.4.3 STRIPPING OF FORMS AND REMOVAL OF FORMWORK SUPPORTS 

This section describes the restraints governing the stripping of forms and the removal for 

formwork supports, as stated in Clause 17.6.2.1, AS 3600, with the following having to be 

complied to: 

a) Forms shall not be stripped or any formwork supports removed until the part of the 

member that will be left unsupported has attained sufficient strength to support, with 

safety and without detriment to its intended use, its own weight and any 

superimposed loads due to concurrent or subsequent construction works. 

b) Removal of formwork supports shall be carried out in a planned sequence so the 

concrete structure will not be subject to any unnecessary deformation, impact, or 

eccentric loading during the process. 

c) Removal of formwork from vertical surfaces shall be carried out in accordance with 

Clause 17.6.2.2. 

d) Stripping of forms, from the soffits of reinforced slabs and beams between formwork 

supports, shall be carried out in accordance with Clause 17.6.2.3 or Clause 17.6.2.4 as 

appropriate. Where back propping is used, the procedure shall comply with the 

appropriate requirements of AS 3610.   
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e) Removal of formwork supports from the soffits of reinforced slabs or beams shall be 

carried out in accordance with: 

i. Clause 17.6.2.5 for members not supporting structures above 

ii. Clause 17.6.2.6 for multistorey structures 

f) Stripping of forms and removal of formwork supports from prestressed beams and 

slabs shall be carried out in accordance with Clause 17.6.2.7. 

g) Where formwork is stripped before the end of the specified curing period for the 

concrete element, exposed surfaces shall be cured until at least the end of the 

specified curing period. 

12.5.1.4.3.1 CONTROL TESTS 

Control tests are a principal requirement as stipulated in Clause 17.6.2.8, AS 3600.  

It is specified that control test-samples shall be taken for concrete, where the removal of 

formwork is proposed or the location at which the stressing of tendons will occur. This is 

stated to take place before a stage where the concrete has attained its strength as designed 

for the particular structural member.  

Control test-samples shall be taken at a minimum frequency for only one sample for each 50 

m3, for a concrete grade which is placed on any given day. Also the samples shall be stored 

and cured under conditions deemed to be similar of those comprised in the concrete work.  

In testing for strength, a minimum of two specimens from each concrete grade is required, 

and shall be tested for strength at a time deemed for stripping or stressing. The strength of 

the concrete shall also be tested at an age which assessed on the basis of average strength in 

regards to the samples. 

12.5.2 CONCRETE REINFORCEMENT 

12.5.2.1 OBJECTIVES 

The primary objectives of the specifications in relation to concrete reinforcement, are to 

provide specified requirements and regulations as stipulated in the many governing 

Australian and New Zealand Standards. 

12.5.2.2 SPECIFICATIONS ASSOCIATED 
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The following specifications outlined below are found to be associated with the requirements 

stipulated for concrete reinforcement. 

 Formwork 

 In-Situ Concrete 

 Prestressing 

 Concrete Finishes 

12.5.2.3 STANDARDS 

The following standards outlined below stipulate the requirements at which concrete 

reinforcement is to be adhered by. 

 AS 3600 

 AS/NZS 4671 

 AS/NZS 1554.3 

 AS/NZS 1768 

12.5.2.4 MATERIALS 

12.5.2.4.1 REINFORCEMENT 

As per Clause 17.2.1.1, AS 3600, reinforcement shall be deformed Ductility Class N bars, or 

Class L or Ductility Class N welded wire mesh (plain or deformed), except that fitments may 

be manufactured from Ductility Class L wire or bar, or plain Ductility Class N bar.  

It is also states that all reinforcement used shall comply with AS/NZS 4671. 

In most circumstances, Ductility Class N reinforcement will be utilised, as Clause 17.2.1.1 

states that Ductility Class L reinforcement shall not be substituted for Ductility Class N 

reinforcement unless the structure is redesigned. 

12.5.2.5 FABRICATION 

As per Clause 17.2.2, AS 3600, reinforcement shall be fabricated in accordance with the 

following: 

a) Reinforcement shall be fabricated to the shape and dimension shown in the Drawings 

and within the following tolerances 

i. On any overall dimension for bars and mesh except where used as a fitment 

A. Lengths up to 600 mm:     - 25, + 0 mm 
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B. Lengths over 600 mm:     - 40, + 0 mm 

ii. On any overall dimension for bars or mesh used as a fitment 

A. For deformed bars and mesh:    - 15, + 0 mm 

B. For plain round bars and wire:   - 0, + 10 mm 

b) Bending of reinforcement shall comply with Clause 17.2.3 

c) Welding if required shall comply with AS/NZS 1554.3. Locational tack welding shall 

also comply with AS/NZS 1554.3. 

12.5.2.6 BENDING 

In accordance with Clause 17.2.3, AS 3600, reinforcement may be bent by either cold or hot 

performed processes which are outlined below as stated in AS 3600. 

a) Cold, by the application of a force, around a pin of dimeter complying with Clause 

17.2.3.2, so as to avoid impact loading of the bar and mechanical damage to the bar 

surface 

b) Hot, provided 

i. The steel is heated uniformly through and beyond the portion to be bent 

ii. The temperature of the steel does not exceed 600°C 

iii. The bar is not cooled by quenching 

iv. If during heating the temperature of the bar exceeds 450°C, the design yield 

strength of the steel after bending is taken as 250 MPa 

12.5.2.7 SURFACE CONDITION 

As per Clause 17.2.4, AS 3600, the bond to the concrete and performance of the structural 

member, shall not be impaired due to the surface condition of reinforcement established at 

the timing of the placement of concrete.   

12.5.2.8 FIXING 

To maintain the fixing requirements for reinforcement stipulated in Clause 17.2.5, AS 3600, it 

clearly states that all reinforcement, including secondary reinforcement provided for the 

purpose of maintaining main reinforcement and tendons in position, shall be supported and 

maintained in position within the tolerances given in Clause 17.5.3 until the concrete has 

hardened.  
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Also, Clause 17.2.5, AS 3660 requires bar chairs, spacers and tie wires used for this purpose 

shall be made of concrete, steel, or plastics, as appropriate. 

12.5.3 IN-SITU CONCRETE 

12.5.3.1 OBJECTIVES 

The primary objectives of the specifications in relation to in-situ concrete, are to provide 

specified requirements and regulations as stipulated in the many governing Australian and 

New Zealand Standards. 

12.5.3.2 SPECIFICATIONS ASSOCIATED 

The following specifications outlined below are found to be associated with the requirements 

stipulated for in-situ concrete. 

 Formwork 

 Concrete Reinforcement 

 Prestressing 

 Concrete Finishes  

12.5.3.3 STANDRADS 

The following standards outlined below stipulate the requirements at which in-situ concrete 

is to be adhered by. 

 AS 3600  

 AS 1012.3.1 

 AS 1379 

 AS 3799 

  

12.5.3.4 GENERAL REQUIREMENTS 

As per Section 17, AS 3600, the materials and limitations on constituents, specification and 

manufacture of concrete, sampling and testing for compliance, and rejection of concrete shall 

be accordance with AS 1379 in conjunction with AS 3600 standards which stipulate the 

governing requirements. 

12.5.3.4.1 HANDLING, PLACING AND COMPACTING OF CONCRETE 
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As in accordance with Clause 17.1.3, AS 3600, the handling, placing and compacting of 

concrete shall comply with the following stipulations: 

a) Limit segregation or loss of materials 

b) Limit premature stiffening 

c) Produce a monolithic mass between planned joints or the extremities of members, or 

both 

d) Completely fill the formwork to the intended level, expel entrapped air, and closely 

surround all reinforcement, tendons, ducts, anchorages, embedment’s and fixings 

e) Provide the specified finish to the formed surfaces of the member 

12.5.3.4.2 FINISHING OF UNFORMED CONCRETE SURFACES 

In the scenario that the concrete surface is considered to be unformed, appropriate finishing 

methods and procedures shall be undertaken, in order to adhere to Clause 17.1.4, AS 3600, 

which stimulates the following to be achieved when finishing unformed concrete surfaces: 

a) Dimensions, falls, tolerances, or similar details relating to the shape and uniformity 

of the surfaces 

b) Cover from the surfaces to reinforcement, tendons, ducts and embedment’s 

c) Texture of the surface 

12.5.3.4.3 CURING AND PROTECTION OF CONCRETE 

The curing of concrete is considered to be an important factor, as it is effectively the 

protection of freshly made concrete extreme temperature effects and evaporation, which can 

have an effect on the hydration of cement.  In accordance with Clause 17.1.5.1, AS3600, it 

states that concrete shall be cured continuously for a period of time so the design 

requirements for strength, serviceability and stripping are satisfied.  

In order to satisfy durability, the curing requirements shall not be less than those stated in 

Clause 4.4 and 4.5, AS 3600. These indicate the requirements for minimum strength and 

curing periods which are dependent upon the exposure classification of the structural 

element that is being designed and manufactured for. 

For curing requirements to be achieved, Clause 17.1.5.1, AS 3600, also states that the most 

appropriate application to be undertaken is by water, accelerated curing of, or the retention 
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of water in, the freshly cast concrete, and shall commence as soon as practicable after the 

finishing of any unformed surfaces has been completed.  

 

12.5.3.4.4 SAMPLING AND TESTING FOR COMPLIANCE 

As per Clause 17.1.6.1, AS 3600, concrete which is intended for the use in structures and 

which is designed in accordance with AS 3600, shall be assed in accordance with AS 1379, in 

relation sampling and testing for compliance.  

In accordance with Clause 5.1.1, AS 1379, concrete shall be sampled in the plastic state and 

tested for compliance with particular quality parameters, in accordance with the following: 

a) The quality parameters required or specified to be determined by testing are: 

i. Slump 

ii. Strength 

12.5.3.4.4.1 SLUMP  

Slump tests are practical quality management tool, as they measure the consistency of 

concrete that has just been freshly made. Completed before the concrete sets, the sump test 

accurately determines the concretes workability and whether it is suitable for use.   

In accordance with Clause 5.2.1, AS 1379, the frequency of testing for slumps shall be as 

outlined below: 

a) Where a strength grade is specified, a sump test shall be performed on each strength 

sample 

b) Where slump is specified as the principle compliance criterion, the frequency of 

sampling shall also be specified 

In order for a slump to be determined, the procedures outlined in AS 1012.3.1 shall be 

followed as it stipulates the necessary and correct requirements.  

Most importantly, for a sump to be compliant, as per Clause 5.2.3, AS 1379, the concrete 

represented by a sample shall be deemed to comply with the specified slump if the measured 

slump is within the limits outlined below: 
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Table 183: Tolerances for Various Slumps 

Specified Slump (mm) Tolerance (mm) 

< 60 ± 10 

≥ 60 , ≤ 80 ± 15 

> 80 , ≤ 110 ± 20 

> 110 , ≤ 150 ± 30 

> 150 ± 40 

 

12.5.3.4.4.2 STRENGTH 

As per Clause 5.3.1, AS 1379, the strength of concrete at 28 days through sampling and testing 

shall comply with the following: 

a) For concrete specified by compressive strength grade with Section 6, AS 1379 

b) For concrete specified by flexural or indirect (principal) tensile strength, in accordance 

with Section 6, AS1379 for an equivalent mean compressive strength, provided 

i. The equivalent mean compressive strength is first determined from a 

relationship between mean compressive strength and mean flexural or 

indirect tensile strength, established from tests on at least one sample from 

each of three different compressive strength grades 

ii. Thereafter the relationship is monitored by taking and testing at least two 

samples in each production interval of concrete with the equivalent mean 

compressive strength and if markedly different, re-establish the relationship 

as in item (i) 

iii. From each sample required by items (i) and (ii) above not less than two 

compressive test specimens and three flexure-test or three indirect tensile-

test specimens are made and cured in accordance with AS 1012.8.1 and AS 

1012.8.2, and tested in accordance with AS 1012.9, AS 1012.10 or As 1012.11 

as appropriate. 

In accordance with Clause 5.3.3, AS 1379, the concrete represented by the strength samples 

shall be deemed to comply with the specified strength if the following are adhered to: 
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a) For concrete specified by compressive strength the relevant requirements of Section 

6, AS 1379 are satisfied 

b) For concrete specified by flexural or indirect tensile strength the relevant 

requirements of Section 6, AS 1379, as applicable to the equivalent compressive 

strength, are satisfied. 

12.5.3.4.5 REJECTION OF CONCRETE 

The rejection of concrete can be categorized into two distinctive section, as per Clause 17.1.7, 

AS 3600, these are plastic concrete and hardened concrete.  

In accordance with Clause 17.1.7.1, AS 3600, it stipulates that plastic concrete may be rejected 

after the mixing procedure has been completed and prior to the mix being handled on site if 

the following are satisfied: 

a) The slump, determined in accordance with AS 1012.3.1, differs from the specified 

slump by more than the tolerances permitted in AS 1379 

b) The elapsed time from first introduction of the mixing water is outside the time 

interval allowed in AS 1379 

c) The appearance and cohesiveness of a particular quantity is significantly different 

from previously supplied quantities of the same specification 

In accordance with Clause 17.1.7.2, AS 3600, it stipulates that hardened concrete may be 

rejected due to the following: 

a) It does not satisfy the sampling and testing for compliance 

b) It is porous, segregated, or honeycombed, or contains surface defects outside limits 

that have been specified. 

 

12.5.4 PRESTRESSING 

12.5.4.1 OBJECTIVES 

The primary objectives of the specifications in relation to prestressing, are to provide 

specified requirements and regulations as stipulated in the many governing Australian and 

New Zealand Standards. 
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12.5.4.2 SPECIFICATIONS ASSOCIATED 

The following specifications outlined below are found to be associated with the requirements 

stipulated for prestressing. 

 Formwork 

 Concrete Reinforcement 

 In-Situ Concrete 

 Concrete Finishes 

12.5.4.3 STANDARDS 

The following standards outlined below stipulate the requirements at which concrete 

reinforcement is to be adhered by. 

 AS 3600 

 AS/NZS 4672 

 AS/NZS 4672.1 

 AS/NZS 4672.2 

12.5.4.4 MATERIALS 

The following sections indicate the material requirements as stated in Clause 17.3.1, AS 3600. 

12.5.4.4.1 DUCTS 

As stated in Clause 17.3.1.1, AS 3600, sheaths and removable formers used to form ducts shall 

be capable of maintaining their required cross-section and profile during construction. 

12.5.4.4.2 ANCHORGARES  

As stated in Clause 17.3.1.2, AS 3600, the quality and properties of anchorages shall be 

established by testing. 

12.5.4.4.3 TENDONS 

As stated in Clause 17.3.1.2, AS 3600, prestressing tendons shall comply with AS/NZS 4672.1, 

as applicable. It also requires that tendons to not be galvanised.  

12.5.4.5  CONSTRUCTION REQUIREMENTS 

12.5.4.5.1 DUCTS 
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The following sections indicate the construction requirements for ducts as stated in Clause 

17.3.2, AS 3600. 

12.5.4.5.1.1 SURFACE CONDITION 

In accordance with Clause 17.3.2.1, AS 3600, the bond of the concrete to the duct shall not 

be impaired, due to the outside surfaces of the sheaths and formers of the duct, when the 

concrete is initially placed.  It also states that the bond of the grout to the duct shall not be 

impaired, due to the surfaces of the sheaths, at the time immediately before the grouting 

procedure initiates.   

12.5.4.5.1.2 SEALING 

In accordance with Clause 17.3.2.2, AS 3600, ducts need to be sealed at all joints and ends, 

prior to the placing of concrete, as to ensure the exclusion of concrete into these components. 

12.5.4.5.1.3 FIXING 

In accordance with Clause 17.3.2.3, AS 3600, regular intervals shall be used to support and fix 

ducts so that the required tendon profile will be maintained with Clause 17.5.3, which refers 

to the tolerances on position of reinforcement and tendons. 

12.5.4.5.2 ANCHORGARES  

The following sections indicate the construction requirements for anchorages as stated in 

Clause 17.3.3, AS 3600. 

12.5.4.5.2.1 FIXING 

The fixity of anchorages shall be deemed to be strictly as stated in Clause 17.3.3.1, AS 3600, 

as it emphasises the following governing requirements: 

a) The anchorage shall be square to the line of the tendon 

b) The duct shall be securely attached to the anchorage so it provides a grout-tight joint 

between the duct and the anchorage 

c) Where the anchorage is fixed to the formwork, the joint between the two parts shall 

be grout-tight  

12.5.4.5.2.2 SURFACE CONDITIONS 
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The bond to the concrete shall not be impaired in any fashion, at the time of placing concrete, 

where the surface condition of the anchorage is being taken into account. This is as stated in 

Clause 17.3.3.2, AS 3600. 

12.5.4.5.3 TENDONS 

The following sections indicate the construction requirements for tendons as stated in Clause 

17.3.4, AS 3600. 

12.5.4.5.3.1 FABRICATION 

It is crucial that the fabrication process of tendons is stringent upon the governing 

requirements stipulated in Clause 17.3.4.1, AS 3600.  These state the following: 

Tendons shall be fabricated in accordance with the following: 

a) Cutting of tendons shall be carried out so damage to tendon, ducts and anchorages is 

avoided 

b) Tendons shall not be welded 

c) Prestressing bars shall be within manufacturing tolerances and not bent in the 

threaded portion 

It also stipulates that if small adjustments are to be made on site, it is to be cold. As it identifies 

that the bar temperature should not be less than 10°C, and in that scenario, the temperature 

of the bar shall be raised above 10°C through the processes of steam or hot water. 

12.5.4.5.3.2 PROTECTION 

Protection of tendons is a vital requirement as it is key to ensure the integrity of the tendons 

as they play a pivotal role in prestressing. In accordance with Clause 17.3.4.2, AS3600, it 

highlights in short the main contributing factors associated with the protection of tendons 

and the requirements to adhere to. These are as seen below: 

Before the stressing component commences, the tendons shall be protected from stray 

current arcing and splashes from the cutting operation of an oxy-acetylene torch or an arc-

welding process. 

Suitable protection shall be provided to the threaded ends of prestressing bars at all times. 
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Respect shall be taken into account when the need for coating or wrapping is required for 

tendons, in relation to the elements of steel and concrete. 

It is essential to protect tendons from physical damage or corrosion, after the process of 

stressing and anchoring has been completed. 

12.5.4.5.3.3 SURFACE CONDITION 

As per Clause 17.3.4.3, AS 3600, the requirements for the surface conditions of tendons shall 

be met. These are outlined in the section below. 

The impairing of the bonding to the concrete or grout shall not be impaired due to the surface 

conditions of the tendons. It also stipulates that the performance of the tendon member shall 

also not be impaired due to the surface condition of the tendons. 

Unless the steel of the tendons is visibly pitted from the presence of rust on the surface 

condition of tendons, then there is not cause for the action of rejection for ducts, under the 

requirements and constraints of this very Clause. 

12.5.4.5.3.4 FIXING 

In accordance with Clause 17.3.4.4, AS 3600, it clearly states that the all tendons shall be 

supported and maintained in position within the permissible tolerances until the concrete has 

hardened. These tolerances are as stipulated in Clause 17.5.3, AS 3600, which are given 

below: 

Tolerances on position of reinforcement and tendons: 

The deviation from the specified position of reinforcement and tendons shall not exceed the 

following: 

a) For positions controlled by cover 

i. In beams, slabs, columns walls         - 5, + 10 mm  

ii. In slabs on ground        - 10, + 20 mm 

iii. In footings cast in the ground       - 10, + 40 mm 

b) For positions not controlled by cover 

i. The location of tendons on a profile           5 mm  

ii. The position of the ends of reinforcement    50 mm  

iii. The spacing of bars in walls and slabs and of fitments in beams and columns 
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10% of the specified spacing or 15 mm, whichever is greater 

12.5.4.5.3.5 TENSIONING 

Considered to be one of the most important stages and requirements for the action of 

prestressing, tensioning of tendons shall be carried in accordance with Clause 17.3.4.5, AS 

3600, which expresses that the process be conducted in a safe manner for the following 

actions:  

a) The stressing procedure shall ensure the force in a tendon increases at a uniform time 

rate and that the force is transferred gradually to the concrete; 

b) The prestressing force applied to the tendon shall be measured at the jack by 

measuring the jack pressure. The prestressing force shall be determined and 

measured to an accuracy of ± 3%; 

c) The tendon extension shall be measured; 

d) A check shall be made for each tendon, on the correlation between the measured 

extension and the calculated extension derived from the prestressing force, using the 

load-elongation curves for the tendons and assumed friction values for the cable. Any 

disparity between the two figure greater than 10% of the calculation extension shall 

be investigated; 

e) No stressing shall be carried out when the temperature of the surrounding air is lower 

than 0°C. 

 

12.5.5  STRUCTURAL REFERENCES  

Speedpanel 2016, ’Equal angle: Horizontal walls’, Installation Guide Fire & Acoustic Rated Wall 

Systems: Speedpanel, vol. 1, no. 1, pp. 70-73. 

Speedpanel 2016, 78 mm Speedpanel: Panel Properties and Dimensions, Speedpanel, 28 

September, viewed 1 June 2017, <http://speedpanel.com.au/panels/78mm-speedpanel/>. 
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13 APPENDIX F – URBAN DEPARTMENT 

 HAND CALCULATIONS FOR HAND RAILING 

Stainless Steel – 300 series 

Thickness – 15mm  

Width – 100mm  

Length – 2250mm (Average railing height) 

Per rectangle stainless steel – 24kg/m 

Per 19.5m section – 5910kg/m 

G = 
24𝑥9.81

1000
 x 0.1  

= 0.02𝐾𝑁/𝑚2 

 

Q – Use 0.25kpa     AS/NZS 1170.0    

= 0.25 × 0.1 

= 0.03KN/m   

 

W = 1.2G + 1.5Q     AS/NZS 1170.1 

= 1.2(0.02) + 1.5(0.03) 

= 0.1Kpa 

=0.1 × 1m 

=0.1KN/m  

 

 

 

Bending Moment for downwards loads 
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𝑀∗ = 
0.1 𝑥 12

8
 

= 0.01KNm 

 

Bending moment of rail components  

Under Uniform loading 

M=W𝐿2 

= 0.1 x 1 

0.1 KNm Ok According to AS/NZS 1170.1 Table 3.3   

 

Under Concentrated loading 

M=
𝑃𝐿

𝐾
   Use point load as 0.6KN 

= 
0.6 𝑥 1

5
 

0.12 KNm Ok According to AS/NZS 1170.1 Table 3.3   

 

Force on intermediate post 

Uniform loading 

M=WLH      

L = Horizontal rail span 

H = height of post 

 

 

= 0.1 x 0.1 x 2.25m 

= 0.02 KNm   Ok According to AS/NZS 1170.1 Table 3.3 

 

Concentrated Load 
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M=DPh      

D = 0.62(given) 

P = 0.6(given) 

h = 2.25m 

= 0.62 x 0.6 x 2.25 

0.08 KNm Ok According to AS/NZS 1170.1 Table 3.3 

 

On end post 

Under uniform loading 

M=W(
𝐿

2
)h      

W = 0.1m 

L = 0.1m 

h = 2.25m 

= 0.1(
0.1

2
)2.25 

0.01 KNm Ok According to AS/NZS 1170.1 Ttable 3.3 

 

Under concentrated load 

M=Dph      

P = 0.6 (given) 

h = 2.25m 

D = 0.82(given) 

= 0.82 x 0.6 x 2.25 

= 1.1 KNm Ok According to AS/NZS 1170.1 Table 3.3 

 

Wind Loads 
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Site Wind Speed  

Vsitβ = VRMd(Mz, Cat, Ms, Mt) 

Use worst site wind speed 

NW = 45.1m𝑠−1 

Using AS/NZS 1170.2  

P = (0.5Pair)(𝑉𝑑𝑒𝑠. Ө)2 Cfig x Cdyn 

P = Design wind pressure pa 

Pair = 1.2Kg/𝑚3 

Vdes Ө = design wind speed 

Cfig = aerodynamic shape factor 

Cdyn = dynamic response factor  

Cfig = Cpe, Ka, Kce, kl, Kp   Table 5.5 

 

 

Cfig = 0.7 x 1 x 0.8 x 1 x 1 

=0.56  

P = (0.5x1.2)(45.1)2 x 0.56 x1  

= 68.3pa 
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