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1 INTRODUCTION 

This report supports a State Significant Development (SSD) Development Application 
(DA) submitted to the Minister for Planning pursuant to Part 4 of the Environmental 
Planning and Assessment Act 1979 (EP&A Act). 
 
The Application (referred to as SSDA 12) follows the approval of a staged SSD DA 
(SSDA 2) in December 2013. SSDA 2 sets out a Concept Proposal for a new mixed use 
residential neighbourhood at Haymarket referred to as “Darling Square”, previously 
known as “The Haymarket”. Darling Square forms part of the Sydney International 
Convention, Exhibition and Entertainment precinct (SICEEP) Project, which will deliver 
Australia’s global city with new world class convention, exhibition and entertainment 
facilities and support the NSW Government’s goal to “make NSW number one again”. 
 
More specifically this subsequent DA seeks approval for a residential building (student 
accommodation) within the Western development plot (Darling Drive) of Darling Square 
and associated public domain works. The DA has been prepared and structured to be 
consistent with the Concept Proposal DA. 
 
1.1 Overview of Proposed Development 

The proposal relates to a detailed (‘Stage 2’) DA for a residential building (student 
accommodation) in the Darling Drive Plot of Darling Square together with associated 
public domain works. The Darling Square Site is to be developed for a mix of residential 
and non-residential uses, including but not limited to residential buildings, commercial, 
retail, community and open space. The Darling Drive Plot is one of six development plots 
identified within the approved Concept Proposal. 
 
More specifically, this SSD DA seeks approval for the following components of the 
development: 
 

• Demolition of existing site improvements; 

• Associated tree removal and planting; 

• Construction and use of one residential building within the Darling Drive 
Plot, to be used for student accommodation purposes; 

• Public domain improvements, including provision of a new urban 
courtyard space between student accommodation buildings W1 and W2; 
and 

• Extension and augmentation of physical infrastructure / utilities as 
required. 

 
1.2 Background 

The NSW Government considers that a precinct-wide renewal and expansion of the 
existing convention, exhibition and entertainment centre facilities at Darling Harbour is 
required, and is committed to Sydney reclaiming its position on centre stage for hosting 
world-class events with the creation of SICEEP.  
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Following an extensive and rigorous Expressions of Interest and Request for Proposals 
process, a consortium comprising AEG Ogden, Lend Lease, Capella Capital and 
Spotless was announced by the NSW Government in December 2012 as the preferred 
proponent to transform Darling Harbour and create SICEEP. 
 
Key features of the Preferred Master Plan include: 
 

• Delivering world-class convention, exhibition and entertainment facilities, 
including: 

- Up to 40,000m2 exhibition space; 

- Over 8,000m2 of meeting rooms space, across 40 rooms; 

- Overall convention space capacity for more than 12,000 people;  

- A ballroom capable of accommodating 2,000 people; and 

- A premium, red-carpet entertainment facility with a capacity of 
8,000 persons. 

• Providing a hotel complex at the northern end of the precinct.  

• A vibrant and authentic new neighbourhood at the southern end of the 
precinct, now called ‘Darling Square’, including apartments, student 
accommodation, shops, cafes and restaurants. 

• Renewed and upgraded public domain that has been increased by a 
hectare, including an outdoor event space for up to 27,000 people at an 
expanded Tumbalong Park; and 

• Improved pedestrian connections linking to the proposed Ultimo 
Pedestrian Network drawing people between Central, Chinatown and 
Cockle Bay Wharf as well as east-west between Ultimo/Pyrmont and the 
City. 

 
On 21 March 2013 a critical step in realising the NSW Government’s vision for the 
SICEEP Project was made, with the lodgement of the first two SSD DAs with the (now) 
Department of Planning and Environment. The key components of these proposals are 
outlined below. 
 
Public Private Partnership SSD DA (SSD 12_5752) 
 
The Public-Private Partnership (PPP) SSD DA (SSDA 1) includes the core facilities of 
the SICEEP Project, comprising the new, integrated and world-class convention, 
exhibition and entertainment facilities along with ancillary commercial premises and 
public domain upgrades. SSDA1 was approved on 22 August 2013. 
 
Concept Proposal (SSD 13_5878) 
 
The Concept Proposal SSD DA (SSDA 2) establishes the vision and planning and 
development framework which will be the basis for the consent authority to assess 
detailed development proposals within the Darling Square Site. SSDA2 was approved on 
5 December 2013. The Stage 1 Concept Proposal approved the following key 
components and development parameters: 
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• Indicative staging of demolition and development of future development 
plots; 

• Land uses across the site including residential and non-residential uses; 

• Street and laneway layouts and pedestrian routes; 

• Open spaces and through-site links; 

• Six separate development plots, development plot sizes and separation, 
building envelopes, building separation, building depths, building 
alignments, and benchmarks for natural ventilation and solar access 
provisions; 

• A maximum total gross floor area (non-residential and residential GFA); 

• Above ground car parking including public car parking; 

• Residential car parking rates; 

• Design Guidelines to guide future development and the public domain; 
and 

• A remediation strategy. 

 
In addition to the approval of SSDA2, the following approvals have been granted for 
various stages of the Darling Square site: 
 

• Darling Drive (part) development plot (SSDA3) for the construction and 
use of a residential building/W2 (student accommodation) and the 
provision of associated public domain works approved on 7 May 2014; 

• North-West development plot (SSDA4) for the construction and use of a 
mixed use commercial development and public car park building and 
associated public domain works approved on 7 May 2014; and 

• South-West development plot (SSDA5) – construction and use of a mixed 
use residential development and associated public domain works 
approved on 21 May 2014. 

• North-East development plot (SSDA7) – construction and use of a mixed 
use residential development and associated public domain works 
approved on 16 April 2014. 

 
Approval was also granted on 15 June 2014 for SSDA6 which includes the construction 
and use of the International Convention Centre (ICC) Hotel and provision of public 
domain works. 
 
This report has been prepared to support a detailed Stage 2 SSD DA for a residential 
building/W1 (student accommodation) and associated public domain works within 
Darling Square (SSDA 12), consistent with the Concept Proposal (SSDA 2). 
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1.3 Site Description 

The SICEEP Site is located within Darling Harbour. Darling Harbour is a 60 hectare 
waterfront precinct on the south-western edge of the Sydney Central Business District 
that provides a mix of functions including recreational, tourist, entertainment and 
business. 
 
With an area of approximately 20 hectares, the SICEEP Site is generally bound by the 
light rail line to the west, Harbourside shopping centre and Cockle Bay to the north, 
Darling Quarter, the Chinese Garden and Harbour Street to the east, and Hay Street to 
the south (refer to Figure 1). The Darling Square Site is: 
 

• located in the south of the SICEEP Site, within the northern portion of the 
suburb of Haymarket; 

• bounded by the Powerhouse Museum to the west, the Pier Street 
overpass and Little Pier Street to the north, Harbour Street to the east, 
and Hay Street to the south; and 

• irregular in shape and occupies an area of approximately 43,807m2. 

 

 
Figure 1:  Aerial Photograph of the SICEEP Site 
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The Concept Proposal DA provides for six (6) separate development plots across the 
Darling Square Site (refer to Figure 2): 
 

1. North Plot; 

2. North East Plot; 

3. South East Plot; 

4. South West Plot; 

5. North West Plot; and 

6. Western Plot (Darling Drive). 

 
The Application Site area relates to the northern portion of the Western Plot and 
surrounds as detailed within the architectural and landscape plans submitted in support 
of the DA. 
 
 

 
Figure 2:  Concept Proposal Development Plots 
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2 SCOPE OF WORK 

This report has been prepared to support a detailed Stage 2 SSD DA for a residential 
building/W1 (student accommodation) and associated public domain works within 
Darling Square (SSDA 12), consistent with the Concept Proposal (SSDA 2).  
 
The report presents preliminary assessments of the impacts of the Urbanest Building W1 
student accommodation building on existing tunnel infrastructure passing beneath the 
site, including: 
 

• Sydney Water Corporation (SWC) trunk sewer tunnel 

• Energy Australia City West Cable Tunnel (CWCT). 

 
The impact assessments are based on the Building W1 pile foundation layout and loads 
received from Northrop Consulting Engineers on 26 August 2015 (Ref. 150122, SK-03 
Rev. 4). 
 
The work presented in this report was undertaken by Pell Sullivan Meynink (PSM) for 
Urbanest in accordance with our fee proposal dated 9 July 2015 (Ref. PSM2796-001L) 
and the instruction to proceed received in an email dated 20 July 2015.  
 
PSM have previously undertaken a number of geotechnical and infrastructure 
assessment studies for the student accommodation buildings (Ref. PSM1986-009R, 
dated 11 March 2013; PSM1986-019L, dated 14 May 2013; PSM2627-003R Rev. 2, 
dated 20 May 2015). This previous work was performed on behalf of Lend Lease during 
the design development and planning approval stages, and on behalf of Buildcorp 
Contracting NSW during design and construction of the adjacent Urbanest Building W2. 
The previous work is referred to where relevant in this report. 
 
 
3 PROPOSED URBANEST BUILDING W1 DEVELOPMENT 

The proposed Urbanest Building W1 will comprise 21 storeys within a site approximately 
50 m long and 20 m wide. No basement is proposed under the building. The building will 
be located immediately north of the Urbanest Building W2 currently under construction.  
 
Figure 3 shows a plan of the site, including outlines of the Urbanest Building W2 and the 
proposed Building W1 and the pile foundations. The positions of the existing CWCT and 
the SWC trunk sewer tunnel are also shown.  
 
The site was previously covered with vegetation and topsoil / Fill materials to levels of 
approximately RL 3.5 m and RL 5.5 m. In preparation for the development works, the site 
was cleared of vegetation and some of the existing Fill material and levelled to 
approximately RL 3.5 m, similar to the Darling Drive road level. 
 
The currently proposed pile foundation layout for Building W1 is shown in Appendix A 
(received from Northrop 26 August 2015). The foundations comprise 39 No. 900 mm 
diameter bored piles, with 2 m thick ground level slabs bridging over the sewer tunnel 
under part of the building footprint. Three pile types are used with socket lengths of 
1.0 m and 2.5 m into Class III sandstone. Working loads for the different pile types are 
shown in Appendix A.  
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The Urbanest Building W2 currently under construction covers an area of approximately 
19 m by 48.5 m and is founded on 28 No. 900 mm bored piles socketed into Class III 
sandstone. The pile layout for the Building W2 shown in Figure 3 is based on design 
drawings received from Northrop as previously used for impact assessments on the 
CWCT and sewer tunnel (Ref. PSM2627-003R Rev. 2). 
 
 
4 EXISTING TUNNEL INFRASTRUCTURE 

The positions of the existing SWC trunk sewer tunnel and CWCT beneath the site of the 
Urbanest Buildings W1 and W2 are shown in Figure 3. 
 
4.1 City West Cable Tunnel 

The CWCT was constructed for Energy Australia in about 2008. It has an internal 
diameter of 3 m and is lined with precast concrete segments. The tunnel is about 20 m 
below ground level and is overlain by approximately 15 m of bedrock. The tunnel is 
located beneath the groundwater table and the segmental lining is designed to resist 
external groundwater pressures. The lining design is intended to result in very low 
leakage rates into the tunnel. Relevant tunnel drawings are included in Appendix B. 
 
The CWCT passes beneath the south east corner of the Building W1 site over a length 
of approximately 15 m, and beneath the Building W2 site over a length of approximately 
40 m. There is an easement zone around the CWCT based on a 10 m diameter zone 
centred on the tunnel axis (shown on Figure 3).  
 
4.2 Trunk sewer tunnel 

The SWC trunk sewer tunnel was constructed in about 1988. As-built drawings of the 
sewer are included in Appendix C. 
 
The section of the sewer adjacent to the development site comprises a 1.0 m diameter 
glass reinforced plastic liner embedded within a block of reinforced concrete 1.6 m wide 
and 1.6 m in height. The void between the concrete and the excavated tunnel (approx. 
2.4 m span and 2.4 m height) was filled with grout. The invert level of the sewer beneath 
the building is about RL -4.0 m, corresponding to a ground cover above the tunnel of 
approximately 7.5 m.  
 
The sewer tunnel alignment shown in Figure 3 is from a site survey drawing received 
from Northrop on 26 August 2015 (Ref. Rygate drawing 76272_sewer_RevA.pdf, dated 
11 July 2014). As shown on Figure 3, the sewer tunnel passes beneath the eastern side 
of the Urbanest Building W1 from the southern to northern boundaries of the site, over a 
length of approximately 50 m. The sewer also passes close to the north-east corner of 
the Building W2. 
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5 GROUND CONDITIONS 

5.1 Geotechnical investigations 

A number of geotechnical investigations have been undertaken in the area of the 
Urbanest development site for the SICEEP development, the CWCT project, and the 
Urbanest Building W2. Boreholes in the immediate vicinity of the Urbanest site are 
shown on Figure 3, and include: 
 

• Historical third party boreholes drilled for redevelopment of the railway 
yards, the Darling Harbour redevelopment, the SWC sewer tunnel and the 
CWCT project; 

• Boreholes drilled by Coffey Geotechnics in 2011, 2012 and 2013 for the 
SICEEP development (Ref. [1], [2], [3]); 

• Shallow ground investigations by PSM in 2015 for the Urbanest 
Building W2 development (Ref. [4]); 

• Boreholes drilled by Coffey Geotechnics in 2015 for the Urbanest 
Building W2 development (Ref. [5]). 

 
These ground investigations provide information for the shallow soils, bedrock and 
geological features for the area of the Urbanest development site. Additional 
geotechnical information is available from pile construction records for the Urbanest 
Building W2. 
 
5.2 Ground conditions 

A geotechnical model for the site has been prepared based on the information available 
from the previous geotechnical investigations.  
 
The ground conditions at the site generally comprise a layer of Fill and Alluvium 
overlying Class III and Class II sandstone bedrock. The geotechnical units, levels, and 
thicknesses based on the available data for the site area are shown in Table 1.  
 
Inferred bedrock surface contours are shown in Figure 3. These contours indicate that 
the rock levels reduce from the west to the east (i.e. towards the original harbour) by 
about 6 m over a distance of roughly 50 m. Within the Building W1 footprint the inferred 
top of rock level varies from approximately RL -0.5 m to RL -3 m.  
 
Most boreholes encountered Class III sandstone at the top of the bedrock; however, in 
some boreholes approximately 1.0 m of Class IV/V sandstone was encountered at the 
top of bedrock.  
 
Construction records from the piles for the Urbanest Building W2 confirmed that the 
bedrock levels and classes beneath the adjacent site are consistent with the 
geotechnical model. 
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TABLE 1 
GEOTECHNICAL MODEL 
 

GEOTECHNICAL UNIT 
REDUCED LEVEL OF TOP 

OF UNIT THICKNESS  

(m AHD) (m) 

FILL, ALLUVIUM 3.7 4.0 to 8.5 

CLASS III SANDSTONE -0.5 to -5 5.5 to 11 

CLASS II SANDSTONE -9 to -16 > 20 

Note: 1. Rock classification is in accordance with Reference 6. 
 
 
It is noted that poorer conditions occur north east of the site due to the presence of an 
intrusive volcanic dyke, as well as possible shear zones or joint swarms. The location of 
the Great Sydney dyke is shown in Figure 3, approximately 50 m north east of the site. 
From Ref. [3], this dyke has a typical width of 4.5 m. It is noted that the dyke may branch 
or sidestep, though is not expected to be present beneath the site.  
 
Groundwater levels encountered in the borehole investigations near the site were 
measured to be at about RL 0.8 m, approximately 3 m below ground level at the site. 
 
 
6 PILE DESIGN PARAMETERS 

Recommended geotechnical design parameters for assessment of the axial capacity of 
bored piles in sandstone are summarised in Table 2.  
 
The parameters for ultimate shaft adhesion and ultimate end bearing in sandstone in 
Table 2 are based on the recommendations in Ref. [7]. These are well established and 
have been widely used for the design of bored pile foundations in Sydney. These 
parameters assume that the piles are constructed to a high standard, with a roughened 
shaft, and are cleaned and free of water prior to the placement of concrete.  
 
Allowable (unfactored) geotechnical parameters are included in Table 2. Use of these is 
intended to result in settlements under working loads of less than 1% of the pile 
diameter. 
 
It is understood that the ultimate geotechnical parameters in Table 2 were used by 
Northrop to design the piles for the Urbanest Building W2, using a limit state design 
approach with a basic geotechnical strength reduction factor (φgb) of 0.5. As noted in 
Appendix A, the same parameters and approach were used to determine the pile socket 
lengths required to resist the axial compression loads for the Urbanest Building W1. 
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TABLE 2 
RECOMMENDED PILE DESIGN PARAMETERS 
 

GEOTECHNICAL 
UNIT 

ULTIMATE 
SHAFT 

ADHESION 
(1) 

ULTIMATE 
END 

BEARING 
YOUNG’S 
MODULUS 

ALLOWABLE 
SHAFT 

ADHESION (1) 

ALLOWABLE 
END 

BEARING 
PRESURE 

(MPa) (MPa) (MPa) (MPa) (MPa) 

FILL, ALLUVIUM 0 0 10 0 0 

CLASS III 
SANDSTONE 1.2 30 800 0.5 4 

CLASS II 
SANDSTONE 2 60 1500 0.8 6 

CLASS I 
SANDSTONE 3 100 2500 1.0 10 

Note: 1. For a clean shaft of roughness R2 or better, in accordance with Ref. [8]. 
 
 
7 IMPACTS ON CABLE TUNNEL 

7.1 Deformation criteria 

As noted in Section 4, it is understood that there is an easement around the CWCT 
based on a 10 m diameter zone centred on the tunnel axis. As Energy Australia have not 
provided deformation criteria for acceptable impacts on the CWCT, relevant criteria were 
developed by analysis for use in previous impact assessments for the student 
accommodation buildings. Details of the analysis are included in report PSM1986-009R. 
 
Acceptable deformation limits for the CWCT lining were developed considering three 
deformation mechanisms that could potentially adversely affect the structural integrity 
and watertightness of the tunnel lining. The criteria adopted for cracking of the lining 
segments, spalling of the lining segments and leakage between joints in the lining are 
summarised in Table 3.  
 
Together with 10 m diameter easement zone, these proposed deformation criteria have 
been used in the preliminary impact assessments accepted by Energy Australia for 
development of the student accommodation buildings (Ref. PSM1986-009R). 
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TABLE 3 
PROPOSED DEFORMATION CRITERIA FOR CITY WEST CABLE TUNNEL 
 

DEFORMATION MECHANISM PROPOSED DEFORMATION LIMIT (mm) 

Cracking of the lining segments 1.5 
(vertical convergence) 

Spalling of lining segments due to increased 
compressive stresses 

2.5 
(vertical convergence) 

Leakage between joints in the lining due to 
lateral extension 

2 
(horizontal extension) 

 
 
7.2 Assessment of impacts 

7.2.1 Previous assessments 

Previous assessments of the impacts of the two proposed student accommodation 
buildings on the CWCT have been undertaken for preliminary pile foundation layouts and 
loads at the time of the Development Application (Ref. PSM1986-009R; PSM1986-
019L).  
 
Based on these impact assessments and the tunnel deformation criteria proposed in 
Section 7.1, Ausgrid provided a Letter of No Objection for the proposed development of 
the two buildings (see Appendix D). In accordance with the previous impact 
assessments, this letter assumed that the piles would extend to approximately RL -7 m 
with approximately 10 m of rock cover between the pile toe level and tunnel crown, and 
that the vertical convergence of the tunnel due to loads in the piles would be less than 
2 mm. 
 
An impact assessment of the CWCT for the Urbanest Building W2 (only) was also 
undertaken based on the pile foundation layout and loads developed during detailed 
design of the building. This assessment showed negligible impact on the tunnel, based 
on the requirements and criteria previously agreed by Ausgrid (Ref. PSM2627-003R 
Rev. 2).  
 
7.2.2 Urbanest Building W1 impact assessment 

7.2.2.1 FLAC3D model 

An impact assessment of the CWCT for the currently proposed Urbanest Building W1 
has been undertaken considering both Buildings W1 and W2.  
 
As for the previous assessments, 3D numerical analysis was performed using the 
analysis package FLAC3D to assess the impacts of the pile foundations on the 
deformation of the cable tunnel. The model was based on the pile layout, socket lengths 
and working loads previously considered for the Building W2 (Ref. PSM2627-003R 
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Rev.2), and the pile foundation details currently proposed for the Building W1 (see 
Appendix A).  
 
For the Building W2, a number of piles are positioned over the easement zone for the 
tunnel (see Figure 3), with the design toe levels modelled between RL -2.0 m and RL -
5.5 m.  
 
For the Building W1, three piles are positioned over the CWCT easement zone at the 
south east corner of the building (see Figure 3). Based on 1.0 m socket lengths for these 
piles and the expected level for the top of Class III sandstone, the pile toe levels 
modelled were between RL -3.9 m and RL -4.2 m. These are above RL -7 m as required 
to provide a minimum 10 rock cover between the piles and the cable tunnel. 
 
The toe levels for piles outside the CWCT easement zone were also modelled based on 
the expected level for the top of Class III sandstone and the design socket lengths in 
Appendix A. The toe levels for some piles adjacent to the sewer tunnel were extended 
slightly to minimise impacts on the sewer (see Section 8).  
 
The FLAC3D model comprises a rectangle of plan dimensions 100 m by 150 m, 
encompassing both of the proposed buildings and the cable tunnel. The base of the 
model is at RL –50 m, and the surface level roughly coincides with the existing surface 
levels at the site. There are approximately one million elements within the model, with 
element sizes ranging from about 0.6 m to 3 m. 
 
The CWCT runs through the centre of the model, as shown in the graphical output 
included in Appendix E. The tunnel is modelled as an unlined excavation (i.e. the tunnel 
lining is not included in the analysis). 
 
The pile structural element formulation available in FLAC3D was employed, with the 
ultimate shaft adhesion and the pile shaft and base stiffness parameters for the model 
based on the geological units intersected by the piles. This approach is based on the 
geotechnical parameters considered most representative of the actual conditions.  
A Young’s modulus of 32.8 GPa was assumed for the concrete pile shaft (for a concrete 
compressive strength of 40 MPa).  
 
The pile model parameters used for the FLAC3D analysis were calibrated against the 
settlement of single piles determined from elastic calculations and axisymmetric analysis 
using the finite element programme Phase2 (Rocscience Inc.). The FLAC3D analysis 
including all piles from the Buildings W1 and W2 calculates the pile settlements including 
the interactions between adjacent piles.  
 

7.2.2.2 Analysis results 

Graphical output from the FLAC3D analysis for both the Buildings W1 and W2 is shown 
in Appendix E.  
 
Figure 4 shows calculated deformations along the CWCT alignment for the Building W2 
only, and Figure 5 shows the calculated deformations for both Buildings W1 and W2.  
 
The results indicate individual pile head settlements of between about 3 mm and 12 mm 
under the working loads.  
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The maximum calculated tunnel settlements from the Building W1 and W2 foundation 
loads are less than 1.5 mm, with a maximum vertical convergence of approximately  
0.5 mm from buildings. A maximum horizontal dilation of approximately 0.1 mm is also 
calculated for the tunnel beneath the Building W2. A lower horizontal dilation of the 
tunnel is calculated for the Building W1, as the tunnel alignment curves away from the 
site. 
 
The calculated tunnel deformations are within the proposed deformation criteria 
summarised in Table 3. The impacts of the foundation loads from the Buildings W1 and 
W2 are therefore expected to be negligible.  
 
 
8 IMPACTS ON TRUNK SEWER 

8.1 Adverse mechanisms 

As noted in Section 4, the Sydney Water trunk sewer was constructed in a 2.4 x 2.4 m 
tunnel excavation, with a 1.0 m diameter glass reinforced plastic pipe surrounded by a 
1.6 x 1.6 m reinforced concrete block and an annulus of grout between the concrete and 
rock. The sewer invert level beneath the site is approximately RL -4 m. 
 
Potential impacts of the building foundation piles on the trunk sewer include: 
 

• Physical conflict 

• Bending deformation of the reinforced concrete box encasing the sewer 

• Bending deformation of the glass fibre reinforced sewer pipe 
 
As shown in Appendix A, the piles closest to the sewer tunnel will be positioned outside 
a 1.5 m clearance zone between the pile face and extrados of the concrete encasement 
around the sewer. These piles will be founded below the zone of influence defined by 
Sydney Water (see Appendix A), with the pile toes below the sewer invert level.  
 
These pile positions and depths relative to the sewer satisfy the preliminary guidance 
from Sydney Water outlined in the Feasibility Letter dated 18 March 2015 for the Building 
W1 (Ref. [9]). They also minimise the risk of physical conflict between the piles and the 
sewer (allowing for construction tolerances), and reduce potential impacts from the pile 
loads causing excessive deformation of the sewer. 
 
Potential impacts of the pile loads on the sewer were assessed by finite element 
analyses to estimate the sewer deformations, as described in Section 8.2. 
 
8.2 Assessment of impacts 

8.2.1 Tolerable deformations 

As noted above, the pile loads and resulting ground movements will potentially cause 
bending deformations of the sewer tunnel.  
 
Tolerable deformations for the concrete and sewer pipe were developed in previous 
impact assessments for the student accommodation buildings (Ref. reports PSM1986-
009R; PSM1986-019L). These indicated that the reinforced concrete box encasing the 
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sewer is much more sensitive to deformation than the glass fibre reinforced sewer pipe. 
A limiting curvature of 0.0002 m-1 was determined to avoid cracking of the concrete 
sewer. This criterion was used to assess tolerable deformations of the sewer resulting 
from the pile loads. 
 
8.2.2 Finite element analyses 

Pile and ground settlements due to the working loads acting on the piles adjacent to the 
sewer were calculated via axisymmetric finite element analyses using the program 
Phase2, produced by Rocscience Inc. These settlements were used to estimate the 
resulting deformations and curvature of the sewer.  
 
Three representative sections along the sewer were assessed in the analyses, based on 
the pile layout shown in Figure 3: 
 

1. Pile type P2 on one side of the sewer, with 1.5 m offset from the concrete 
encasement (i.e. Piles 25 to 30 in Figure 3). This case was analysed with 
the pile toe level at RL -4.0 m. 

2. Pile type P2 on both sides bridging over the sewer, with 1.5 m offset from 
the concrete encasement (i.e. Piles 31 / 33 and 32 / 35 in Figure 3). This 
case was analysed with the pile toe levels at RL -5.5 m. 

3. Pile type P4 on one side of the sewer, with 1.75 m offset from the 
concrete encasement (i.e. Pile 36 in Figure 3). This case was analysed 
with the pile toe level at RL -4.9 m. 

 
The working loads analysed for each case were based on the loads shown in 
Appendix A (6900 kN for Type P2; 8500 kN or Type P4). The pile toe levels were based 
on a minimum level of RL -4 m (coinciding with the sewer invert level), and the length 
required to provide the minimum socket length in Class III sandstone (based on the 
expected rock levels beneath the site). Deeper piles with longer socket lengths were 
analysed for the Type P2 piles bridging over the sewer to reduce ground movements at 
the sewer invert level and associated deformations. 
 
The elastic geotechnical parameters listed in Table 2 were adopted for the analyses.  
A Young’s modulus of 32 GPa was adopted for the concrete pile shaft. 
 
8.2.3 Analysis output 

Graphical output from the Phase2 analysis for the three cases listed above is included in 
Appendix F. 
 
Ground settlement profiles at the sewer invert level (RL -4 m) versus distance from the 
pile centre, and the sewer deformations and curvatures calculated along a line 
representing the centre of the sewer are shown in Figures 6, 7 and 8 for the analysis 
cases 1, 2 and 3 described above.  
 
The pile toe settlements ranged from approximately 2.5 mm to 3.5 mm, and reduce with 
distance away from the pile. Calculated settlements at the edge of the concrete 
encasement around the sewer (approx. 2.0 m to 2.2 m from the pile centre) are 
approximately 1 mm. The analysis also indicated that the stresses in the rock at sewer 
position increase by approximately 100 kPa to 120 kPa due to the pile loads. 
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The calculated sewer deformation profiles for each case show maximum curvatures less 
than the limiting value of 0.0002 m-1 representing the initiation of cracking of the concrete 
encasement. The analyses for the single piles loaded to 6900 kN (Figure 6) and 8500 kN 
(Figure 7) show settlements of the sewer less than 1 mm and maximum curvatures well 
below the limiting value. For the bridging piles both loaded to 6900 kN (Figure 8), 
maximum sewer settlements of approximately 1.5 mm and curvatures slightly below the 
limiting value are calculated. 
 
Based on the analyses performed, it is expected that the proposed foundation piles will 
have negligible impact on the sewer tunnel for the following conditions: 
 

• A minimum 1.5 m horizontal offset between the pile shaft and concrete 
encasement box around the sewer for all piles 

• Piles are designed to achieve settlements in the order of a few millimetres 
at toe level 

• Minimum pile toe levels of RL -4 m for the single P2 piles adjacent to the 
sewer (i.e. piles 25 to 30 as shown on Figure 3) 

• Minimum pile toe levels of RL -4.9 m for the single P4 piles adjacent to the 
sewer (i.e. pile 36 as shown on Figure 3) 

• Minimum pile toe levels of RL -5.5 m for the bridging P2 piles adjacent to 
the sewer (i.e. piles 31 to 35 as shown on Figure 3) 

 
 
9 CONCLUSIONS AND RECOMMENDATIONS 

The impact assessments presented in this report demonstrate that the proposed 
Urbanest Building W1 can be constructed so as to result in acceptable effects on the 
existing tunnel infrastructure beneath the site, i.e.: 
 

• Trunk sewer tunnel, and 

• City West Cable Tunnel (CWCT) 

 
The assessments are based on current knowledge of the expected ground conditions at 
the site, and the currently proposed pile foundation layout and loads. This is consistent 
with the approach taken for the Urbanest Building W2. 
 
The currently proposed pile layout provides with a minimum offset of approximately 
1.5 m from the concrete encasement around the sewer.  
 
In order to minimise potential impacts on the sewer, the adjacent piles should have toe 
levels at or below the sewer invert level. This may result in longer pile sockets than are 
currently proposed. Recommended toe levels for the piles adjacent to the sewer are 
provided based on the current pile layout. Alternative pile offsets and lengths may also 
be feasible and can be assessed further at detailed design stage. 
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The CWCT is located approximately 20 m below ground level and is overlain by 
approximately 15 m of bedrock. For the current pile design and expected ground 
conditions, the pile toe levels are expected to be above RL -7 m, providing a minimum of 
10 m rock cover between the piles and the tunnel. Only three piles are currently 
positioned over the easement zone around the CWCT and the analysis performed 
shown negligible impact from the piles on the tunnel. 
 
The currently proposed pile layout is consistent with the requirements for protection of 
the sewer tunnel and cable tunnel previously accepted by the asset owners for the 
Urbanest Building W2 development.  
 
In summary, PSM are satisfied that the Urbanest Building W1 as proposed in the 
detailed Stage 2 SSD development application can be developed over the existing 
tunnelled infrastructure. The building can be designed and constructed utilising industry 
standard techniques such that impacts on the existing tunnelled infrastructure are within 
acceptable limits.  
 
It is recommended that once developed building designs are sufficiently progressed, and 
subject to further consultation with the asset owners, further assessments are 
undertaken to confirm the conclusions of this report. 
 
 
For and on behalf of 
PELLS SULLIVAN MEYNINK 
 

 
 
ANDREW MERRITT      STRATH CLARKE 
Associate       Senior Principal 
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Notes:

1.  Sewer deformation for single pile located

approx. 2.75 m from sewer centre line.

2. Pile toe at RL -4 m.
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Notes:

1.  Sewer deformation for single pile located

approx. 3.0 m from sewer centre line.

2. Pile toe at RL -4.9 m.

W:\2701-2800\PSM2796\Eng\Sewer assessment\[PSM1986 Student tower curvature 28-02-2013.xlsx]Figure 8 (Run 4)
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CURVATURE OF SEWER DUE TO ADJACENT 
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Notes:

1.  Sewer deformation for bridging piles (Type P2)

located approx. 2.75 m from sewer centre line.

2. Pile toe at RL -5.5 m.

W:\2701-2800\PSM2796\Eng\Sewer assessment\[PSM1986 Student tower curvature 28-02-2013.xlsx]Figure 8 (Run 4)

CURVATURE OF SEWER DUE TO ADJACENT 
LOADED BRIDGING PILES (RUN 4 - 6900 kN)
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APPENDIX A 
 
BUILDING W1 PILE LAYOUT AND SECTION 
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APPENDIX B 
 
CITY WEST CABLE TUNNEL DRAWINGS  
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APPENDIX C 
 
TRUNK SEWER TUNNEL DRAWINGS 
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APPENDIX D 
 
LETTER OF NO OBJECTION – AUSGRID, 10 FEBRUARY 2014  
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APPENDIX E 
 
FLAC3D ANALYSIS – GRAPHICAL OUTPUT 
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APPENDIX F 
 
PHASE2 ANALYSIS – GRAPHICAL OUTPUT 
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Pile footing adjacent to trunk sewer, axisymmetric analysis, diameter 0.9 m, toe level RL -5.5 m, load 6900 kN

 By:
MP  

 Date:
8/09/2015  

 Stage:
2 of 2, 2. Apply load  

 Run:
Sewer - Run4.fez  

 Scale:
1:100  

 Job No:
  

 Client: Urbanest Darling Harbour No.2

INTERPRET 9.003
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