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1 INTRODUCTION

1.1 BACKGROUND

At the request of Combined Projects (Westmead) Pty Lid (the Clienf), El Australia (El) has camied out &
Geotechnical Investigation (G1) for fhe proposed development af Lol 4, Darcy Road & Hawkasbury Road, UWS
Wesimead Precinct, Westmead, NSW (lhe Sita).

This Gl report has been prepared 1o provide advice and recommendations 1o assist in the preparation of designs
for the proposad development. The investigation has besn camried out in accordance with the agreed scope of
works outiined In EI's proposal referencad P13871.1, dated 27 May 2016, and the addifional works outlined in the
email proposal dated 17 June 2016.

A Geotechnicsl imvestigation UWS Redevelopment!, Wesfmead was previously prepared by Coffey Geolechnics
Fty Lid (Cofiey), referenced GEOTLOOWZ3424AM — AG, dated 8 February 2007. The investigation included the
driling of 12 boreholes using sofid flight augers fitted with a steel " bil. The drilling was continued using a
Tungsten-Carbide (T-C") bit into the weathered rock, followed by NMLC coring to oblain cores of the rock from
each of the borsholes. Boreholes were terminated at depths between 6 to 12m. The boreholes encountered fil,
residual soll, and Ashfield Shale bedrock ranging from Class V io Class Il in qualiy. These boreholes are short of
the proposad basement levels and will not be incorporated within this report.

1.2 PROPOSED DEVELOPMENT
To assist us with the preparztion of this Gl repart, the Client hes supplied E| with:

=  Architectural drawings of Lot 4 prepared by Turner — Project Mo, 16001, Revision S, dated 16 Decamber
20186;

« Site survey plan prepared by Whelans Insites Pty Lid - Reference No. D8555C, Sheets 1 to 4 of 4, dated 13
December :

= Drafl site survey plan of Subdivision of Lot 4 in DP 1202362 prapared by Peter Willam Vandergraaf - Ref.
FR123658-DP1, dated 22 Cetober 2015;

= Proposed Subdivision Plan prepared by RPS Group - Referanced PR123658-007, Issua B, dated 11
Decambar 2014; and

=  Marked structural drawings showing proposed borehole locations prepared by Bonacd Group (NSW) Pty Lid
~ Project Ref. 2021746, Orawing No. SK1, Revision P2, dated 16 June 2015.

Basad on tha above, we understand that the proposed developmant will invoive the consfruction of a T to 21-
shoray aparimant bullding with a four-level basamenl. The lowest basamen! leved (B4) & proposed 1o have a
Finish Floor Leved (FFL) of Reduced Level (RL) 16.7m Australian Height Datum (AHD). A Buk Excavation Level
(BEL) of RL 16.4m AHD is assumed fo allow for the construction of the basement slab. To achieve the |after,
excavation dapths of up fo about 15m to 17m Below Exisfing Ground Level (BEGL) Is expecied to be requirad.
Locally deeper excavations may be required for footings, service tranches and [ift overrun pits.

1.3 INVESTIGATION OBJECTIVES

The objective of the Gl was o assess site surface and subsurface condifions at two berehole locations, and io
provide preminary geokechnical advice and recommandations addressing the following:

= Dilapidation Surveys;

=  Excavation methodologies and monforing requirements, inchuding rock excavaion;
+  Groundwaier congiderations;

=  Excavafion support requirements, including geotechnical design paramedters;

=  Buiding foundation options, including;
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b Design parameters.
b Earthquaks lnading factor in accondance with AS1170.4:2007.
The requirement for edditional geotechnical works.

1.4 Scoee oF WORKS
The scope of works for the Gl included:

Pregaration of & Work Health and Sefety Plan;

Review of relevant geclogical maps for the project area;

Site walkowver inspection by a Gectechnical Engineer to azsess iopographical features and site conditions;
Eleciro-magnatc scanning of proposed borehole locations for buried conductive services wsing a icensed
sanvice locator with reference jo Dial Before You Dig (DEYD) plans;

Augar drilling of five borahcles (BH5, BHE, BHT, BHBM, and BHE), by a track-mountad drill rig using solid
flight augers equipped with & Tungsten-Carbide' (T-C) bit. BHS, BHE, BH7, BHBM, and BHS wers auger
drilled to depths of about 5.4m (RL of about 24.9m AHD), 7.0m (RL of about 23.5m AHD), 8.6m {RL of about
Z2,0m AHD), 7.0m (RL of about 23.0m AHD}, and 7.0m BEGL (RL of about 23.3m AHD), respectively. Tha
approximate surface levels shown on the borehole logs were approximated from spot levels shown on the
supplied draft survey plan which formed the basis of Figure 2. Approximete borehaole locations ars shown on
Figure 2,

Standard Penefration Tesfing (SPT) was camed out during suger drilling of the boreholes to assess soi
strengthirelative densities. These were augmented, where possible, by hand penetrometer readings on
cohesive soil samples collacied in the SPT split tube sampler. Soil samples were sent o Macquara
Geotechnical Pty Ltd (Macquarie) and 5GS Sydney Pty Lid (SGE), which are National Australan Testing
Authority {NATA) accredited laboratorias, for teeting and storage.

The strength of the shale bedrock in the augered sections of the boreholes was assessed by observation of
the auger penetration resistance using a T-C drill bit, examination of the recovered rock cutfings, and rock
moisture content fests. B should be noted that rock sirengths assessed from augerad boreholes are
approximate and strength varancas can be expected,

Confineation of BHS, BHE, BHT, BHEM, and BHY using NMLC dismond corng techniques 1o temination
depths of about 24.0m (RL of sbout §.3m AHD), 21.5m (RL of about 8.0m AHD), 21.5m (RL of about 9.9m
AHD), 23.5m (RL of about 6.4m AHD), and 23.7m BEGL (RL of about 6.6m AHD), respectively. Rock cones
recovared from the boreholes ware boxad, logged, photographed and sant o Macguare for point load
strength indax testing and siorage. The test resulls are presented in Appendix A and Appendix B, and the

rock core phofographs ane presented in Appendbx A;

Measurements of groundwater seepaga/ievels, where possible, in the augered sactions of the boreholes
during and shortly afler completion of auger drilling.

Installation of one PYC standpipe in BHEM Io alow for long term groundwater manitoring:
Preparation of this GI repert.

An El Gaotechnical Engineer was presant on site to set out the borehole locations, direct the lesting and
sampiing, log the subsurface condifions and record groundwatar levels.

15

INVESTIGATION CONSTRAINTS

The Gl was limited by the inlent of the invesbigation. The discussions and advice presenied in this repor ane
intended o assist in tha praparaion of designs for the propesed devalopment. Further geclachnical inspections
should ba camed out during construction to confirm the geotechnical and groundwater models, and the design
parameters provided in this repart.
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2 SITE DESCRIPTION

2.1 SiTE DESCRIPTION AND IDENTIFICATION
The site idenfification details and associated information are presented in Table 2-1 below while the sie locality B

shown on Figure 1.

Table 2-1 Summary of Site Information

Information Detall

Strest Address 158-164 Hawkesbury Road, Westmead, NSW 2145

Lot and Deposited Plan (DPF) Lot 7 in DP 1077B52 (proposed subdivision Lot 4)

Identification

Local Government Authority  Pamamatia City Councl

Parish Btdohn

County Cumberiand

 Gusrent Zoning B4 — Mixed Usa (Parramatta Local Ensiranment Plan 2011)

Site Dascription At the time of our investigation, all previously sie struchures were demolshed. The site
was generaly vacant with a few large trees. A few access roads and lemporary
constuction sheds ware also present on sife,

Site Area The site area is approximately 6,588m? (hasad on the proposed subdivision plan).

2.2 LocaL Lano Use

The site is situated within an area of mixed use, Curent uses on sumounding kand are described in Table 2-2

below.
Table 2-2 Summary of Local Land Use

“Direction Relative to Site  Land Use Description

Moith Towards the northeas! - Proposed Lot 3. currently a vacant consiruclion site. Beyond Lol 3

Easi

lies Hawkasbury Road, a five o sbidane asphalic-concrate mad.

Towards the north and norwest — Parmamatta Marist High Bchool, consisting of two o four-
gtoray brick buiidings, which sppeared o not have any basement levels. No accees to the
intarior wes possible. The closest bulidings have a satback of aboul 2m from the Sie

A proposed public oad cumently under construciion, folowsd by the propased Lat 2,

umently a vacant consinuclion sits.

A proposed public road cumandy under consirucion, and & proposed public resarve. Beyond
the proposed public reserve and public roads liz the proposad Lod 5, curentiy a vacant
construction she. Lot 5 is propesed 1o be redeveloped into two apartment buildings of eight
and 15 to 22-giores, over a common fourdevel basement, A BEL of RL 19.4m AHD &
assumed for this development, Lot § has a setback of about 25 to 50m from the Sie
Boundary.

Paramatia Marist High School, consisting of two fo four-storey brick bulldings, which
appeared to not have any basemant levels. No apcess 1o the inberior was possble. An in-
ground swimming pool with 3 setback of about 8m from the closest sie boundary. The
closest buildings have a setback of about 2m from the Site boundary.
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2.3 REGIONAL SETTING

The site topography and gaclogical nformation for the locality i summansed In Table 2-3 balow,
Table 2-3 Topographic and Geological Information

Attribute Description

Tepegraphy  The She ground lopography |s generaly leved across the site, with localised minar slopes (aling with angles
up to 2. The slle levels vary from KL 30.8m to 29.6m AHD.

Reglonal Information on regionsl sub-surface conditons, referoncad from e Departrment of Minersl Rescurces
Gealogy Gaclogical Map Penrith 1:100,000 Geological Sedes Sheel 5330 (OMR 1981) indicalss the site 1o be

#¢
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3 [INVESTIGATION RESULTS

3.1 STRATIGRAPHY

For the development of & site-specific geotechnical model, the observed strafigraphy during the Gl has been
grouped into two gectechnical units, with Unit 2 subdivided info four sub-units. A summary of the subsurface
conditions across the site, interpretad from tha invesBigation results, is presented in Table 3-1 below. A summary
of the depths and RL to the top of each unit in each borehole is presented in Table 3-2.

More detsiled descriptions of subsurtace condilions at each borehole location are avaiable on the borehole logs
presenied in Appendix A The defails of the method of soll and rock classification, explanaiory notes and

abbreviations adopted on the borehole logs are atso presented in Appendix A.
Table 3-1 Summary of Subsurface Conditions

Depth to top
Unit Malerdal®  ofUnit lﬂm“ Thickness Comments

e - D

Sily tay, duyey sand, of grvely sandy B wih vocous
ol ol grael, sasdsiom and Brick fragrests, and slag,

Based on the: 57T M values, the fll oppeansd o bo moderrely

i Fil Surlace MEWLIND 10034 FILL i wall comgacied. Diss o the varisble nske and unkrown
placemant and compacion confrel of tha 1, wa considar Fa
il 5o b wnimtrolied”.
Exiemely low o very low siengh, odmmely (o cistnoly
wesierad ghale
Extremaly Delecta in Unk 2a am genenaly very cosely spaced (20-
Lowto Elrrm}, induding sub-hofzonial Bedding parngs, joink
23 Very Low 104034 MEIGE  Z0%ES  SHALE  indimed up @ 707, &0d Up o 5% decomposed ard crished
m‘ FEEME.

Skl I BHE md BHL, 2 18mm and J10me of oor= koss monss wem
ehearved, respoctively, Co inss is infemed 1o be exromely
waghemd shals or day seams.

Low siengs, cestincily weahared shai,
Encouniened in BHE, BHE, and BHT only.
L Dot i Linil 2h are ganeraly cosmly spacsd (50-200mm],
Fi 1] Sirangth 15 TS MBm#1 #5033 SHALE  mohading sus-hormonial bedding parings, foints incined wp io
Shala 50°, and ip o 5% decomposed and cushed ssanms.

In BHA, 50w of comm foss wes obsarved, Com knes i infemd
0 be erimmey weathernd shale or day seams.

Lt oy mschums strangth, distincty o sl ighty westhensd shas
Enccuniered in BHE, BHT, and BHEM anty,

BRibBE 235217 13450 SHaLE  [Dekechl» Unk 2w ganeraly cosaly b moderalny spaced
EREm=), indeding sub-hoszontsl Badding partings, s
ingined wp ko 80°, end wp b 3% demomposed and aushed
SEaH.

Mesclm o hgn BTength, $ew ehele

Encouniered in afl bomsholea,

Doy in Unil 24 ore genorally modgratnly {0 widefy spaced

00-M000mm), nchadig sb-horizll beddng gaitrgs,

joints ingined @p & 707, pnd g 0 2% commposed and
Thto

Medium
o

F ] Elml LA LT SHALE  Basds of low ko medum syengh shale weis cheaved & e
Shala

i

foliowing dapls:

»  BHA: 13840 14 3m, asd 2.8 0 230m
w  BHA: 14200 14 Bm,
= BHT: Z2 B 23 6m
s BHA: #0708 11.3m,

Apoecdmali dapth and lereel 3t th Bma of our imvestigetdos. Depla and lvets may vary aomes tha sla
Fest s et of the eubsuriace condilions, rsfersncs should ke rads 1o ha baehive kaga lisched o Appendix A
Oiteserend U In eami depl in BHS, BHE, 3HT. BHAW, e BHE.

9
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Table 3-2 Approximate Depth and RL to Top of Unit in Each Borehole

Approximate Depth to Top of Unit (m BEGL)
BHS BHT EHIM B
0 0 D 0 0
1 FHl
[30.3] [#0.5] [30.6] =i} Py
Exiramaly
< “:u{_i:“ 15 15 10 34 3.0
Strength |26.8] [ [0 [25.6] 214
Shal
Law 35 55 75 83 BS
2 Shale 1284 [0 [23.1] 1k B14
m 68 a0 B 83 BB
E
w [23.5] [22.5] (rall:] il | 14
M=dim
10,75 ag 13.8 118 RO
- m 1195 [225] 6.6 18] [21.4)
Shaie’ ' '
Nlgs:

1 Bppromats depih and leeesl & e tme o our imvesigeton. Deptos and lsvels may vaTY BorEE e Sie.
2 Ohaerens up [ bk lemminados deph

3.2 GROUNDWATER OBSERVATIONS
No groundwater seepage was cbserved in BHS, BHE, BHT, BHBM, and BHY during auger drilling. The waler
inducad during the coring process of the boreholes precluded further observations of the groundwater levels.

However, following the completion of fisidwork, a groundwater maonitoring well was instaliad in BHBM for further
manikaring, and was bailed dry on the day of insialiation. The groundwater within the well was measured during
the duration of the investigation.

The previous investigation by Coffey instalied two groundwater monitoring wells, CGBHZ and CGBH3, within the
site boundary.

Groundwaler levels measured during the groundwater monitofing vist and dudng the previous Coffey
investigation are presented in Table 3-3 balow.

Table 3-3 Summary of Groundwater Levels

. el Assumed Bulk
D Obssrvation Groundwater e i
S 22616 E5 75
ZIEME 56 244 164
CGEH2 (Coffey) 2007 45 75 8
CGBH3 (Coflay) 2007 B 715
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3.3 TesSTRESULTS

One soll and nine rock chip samples were selected for laboratory Tasting to assess the following:
= Rock Moisture Content; and

=  Sol aggressivity (pH, Chioride end Sulfate contant and electrical conductivity),

A summary of aoil test results is providad in Table 3-4 balow.

278 selecied rock core samples were fested by Macquarie to estimate the Point Load Strength Index (Isx) values
to assist with rock strengih invesfigation. The results of the testing are summarised on the altached borshole
logs.

Laboratory test certificates are presented in Appendix B.

The pont load strength index tests comelated reasonably well with our fisld assessmants of rock strength, The

approxdmate Unconfined Compressive Strangth (UCE) of the rock core, estimated from correlations with the paint
load strength index fest results, vaned from 1 MPa to 68 MPa.

The investigation indicated low permeability soll and bedrock was present above and below the groundwater
table. In accordance with Tables 6.4.2{C) and 6.5.2{C) of AS 2153:2009 ‘Piling - Design and Instaliation’, tha
results of the pH, chioride and sulfste comtend and electrical conductivity of the groundwater provided the
following exposure classificafions:

Weathered Shale

= ‘Non-aggressive’ for buried concrete siruciural elements; and

= ‘Non-aggressive’ for buried steal structural eloments.

In accordance with Table 4.8.1 of AS3600-2008 'Concrele Structures’ these soils would be classified as exposure
classification ‘A2’ for concrete in sulfate soils.

Table 3-4 Summary of Laboratory Test Results

Test/ Sample D BHS 1540 BHE_ 1540 BHE_ 5550 BHT_15 BHIM 8550
Unit & 2 .Y o) Ia
Matarial Descrigtion SHALE SHALE SHALE SHALE SHALE
Moisture Corenl (%) 43 i3 T &1 113
Table 3-4 Summary of Laboratory Test Results {Continued)
Tost/ Sample ID BHEM_E.5-7.0 WiH._1540 B 6560 BiG_6.5-70 DM _4.54.8
Ui a 2 i 3 in
Materisl Duseription ! EHALE BHALE BHALE SHALE SHAMLE
pH s ! - : L3
g Elecircal Conductivity . z ; . 160
{psicm)
Sulfis S04 {mgikg) - . . . 1
Chioride C1 {mg/kg) - - - - ]
Moisture Cortent (%) Ta =T R G (1]
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4 RECOMMENDATIONS

4.1 GEOTECHNICAL ISSUES

Basad on the resulls of the investigalion, we consider the following to be the main gectechnical issues for the
proposed development:

=  Basament excavation and retention io limit laberal deflections and ground loss as a result of axcavations,
resylting in damage o neartry structures;

s Rock excavation;

= Groundwatar within the depth of the hasement excavation; and

= Foundation design for bullding koads.

42 DILAPIDATION SURVEYS

Prior to excavation and conatrucion, we recommend that detailed dilspidation surveys be carried out on 2l
structures and infrastructures surrounding the sife that falls within the zone of influence of the excavation. The
zone of influence of the axcavation Is dafined by a distance back from the excavation pedmeter of twice the total
depth of the excavation. The reparts would provide 2 record of existing conditions prior to commencament of the
work. A copy of each repor should be provided to the adjoining property owner who should be asked to confirm
that it represenis a far assessment of existng conditions. The reports should be camefulty reviewed prior to
demaliion and construction.

4.3 EXCAVATION METHODOLOGY
4.3.1 Excavation Assessment

Prior to any excavafion commencing, we recommend fhat reference be made o the WorkCover Excavafion Work
Code of Practica - July 2015.

El assumes that the proposad development wil require a BEL of RL 16.4m AHD, which will require excavation
depths ranging from about 15m fo 17m BEGL. Locally deeper excavations for foolings, service trenches and Iifts

ovarrun pits may be reguired.

Basad on the borehole logs, the proposed basement excavations will therefore extand through all Units cutlined
in Table 3-1 above. An engineered retention system must be installed prior to excavalion commeancing.

Unit 1 and 2a should be excavaied using buckets of conventional earthmoving Hydraulic Excavators, parficulary
if fitted with Tiger Teath’, with soma modaerate ripping.

Ripping of Unit 2b would require a high capacity and heavy bulldozer of af least DS or similar for effective
production, while Unit Z¢ and 2d would require a bullidozer of at least D10 or similar. The use of a smaller size
budidozer will rasult in lower productivity, and this should be allowed for,

Alternatively, hydrauic rock breakers, rock saws and! or rotary grinders could be used, though productivity would
b lower and aquipment wear increasas, and this should be allowed for. Such aquipment would also ba required
for detailed excavation, such &s foobings or servica trenches, and for inmming of faces. Final fimming of faces
may also be completed using a grinder attachment rather than a rock breaker in order o assist in Emiling
vibrations. The use of rotary grinders generally generates dust and this may be supressed by spraying with water.

Excavation using rock hammers should commence away from the adjoining structures and the transmittad
vibrafions monitored o assess how closs the hammer can opesale ko the adjoining structures whils maintaining
transmitted vibrations within acceptable limits. Alternatively, vibration monitors may be sef up on the adfoining
buildings io monitor vibraions al all Gmes during rock excavation. Such moniors should be attached to base of
exlemal walls of existing building and’ or infrastructure in doses! proximity to the excavation and have flashing
lights to wam the operator when acceptable imits have been reachad, Referance should be made fo Appendix C
for acceptable limids of transmitted vibrations.
'I'
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Whera the transmitted vibrations are excessive, allamate excavation equipment would need 1o be used, such as
& small rock hammer, ripping hooks, rotery grinders or rock saws. If an afernate rock hammer is fo be used, the
transmitted vibrations from thal hammer should be measured to determine how close each individual hammer
can oparate to the adjoining bulldings. To assist in reducing vibrations and ower-braak of the sandstona, we
recaommend that Initial saw cuts through the bedrock may be provided using rock saw atiachments fitted to the
excavator, However, the effectiveness of skch approach must be confirmed by the results of vibrafion monitoring

Groundwater seepage monitoring should be camied out during bulk excavation prior to finalising the design of a
pump out facility. Outiets into the stiomwater systam will raquire Councl approval,

It is the builder's responsibiity that the excavation works do not adversely impact on the adjeining structures and
infrastructures,

432 Vibration Considerations

Utmost care must be taken when using excavators with hydraulic impact hammer attachments for any rock
excavation, as there wil likely be drect transmission of ground vibrations to nearby structures and infrastructures,
Guideling levels of vibrafion velocity for evaluating the effects of vibration in sfructures ane given in the attached
Vilwation Limits in Appendix C. We recommand that the acceptable limit for iransmitied vibrasion be set at quile
low peak particle velocities at foundation level. Te fall within these limits, we recommend that the size of rock
rammers inially used durdng the trial not excesd medium sized rock hammer, say 900kg. If it is found that
transmitted vibrafions are unacceptable, then it would be necessary fo change to a smaller excavator with a
smaller rock hammer, or o a rotary grinder, rock saws, or jackhammers.

if rock hammers are o be used, we recommand that tha initial excavation in rock should praferably be
commenced away from likely critical arsas and vibration monftodng be camed out. The monitodng program
should be confirmned when details of the contractor's axcavation mathods and sequence are known.

Virations induced by excavations can be reduced by alternative methods such as the following:

=  Commence the rock excavation sway from potenfislly sensitive areas;

=  Keap rock hammar orientation towards the face and enlarge excavation by braaking small wadges off faces;
e Operate hammers in short bursts only;

=  Use smaller equipment (resuling in low productivity); and

s Use line sawing, especlally along boundanes, lo assist in breaking and trmming.

Furthermore, we recommend fhat only excavation contraciors with appropriate insurances and ExXperience on
similar projects be wsed. The contractor should also be provided with a copy of this report 1o make his own
judgemant on the mast approprste excavation eguipment.

4.4 GROUNDWATER CONSIDERATIONS
Groundwatler was obsarved in the monitoring well installed in BH8M and during the previous Coffey investigation
at a depth ranging between about 4.5 to 8.8m BEGL, or RLs ranging betwean aboul 25.8 to 23.5m AHD, which is
well above the assumed BEL of RL 12.2m AHD.

However, experience shows that due to the low permeability of the bedrock profile, groundwaler inflows into the
excavation should not have an adverse impact on the proposed development or on the neighbouring sites.
However, wa expact thal some groundwalar inflows into the excavation along e sollirock interface and through
any defects within the shale bedrock (such as jointing, and bending planes, etc.) parficularly following a perod of
heavy rain. The initial fiows into the excavation may be locally high, but would be expected fo decrease
considerably with time as the bedding seamsijoinis are drained. We recommand that menitaring of sespage be
implarnented during the excavation works to confirm the capacity of the drainage system,

We axpect that any seepage thal does occur will be able fo be controfed by a convenfional sump and pump
system. We recommend thet & sump-and-pump system be used both during construction and for permanent
groundwaler control below the basement fioor siab.
’l
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In the lang term, drainage should be provided behind all basement retaining walls, around the perimeater of the
basement and below the basement slab. The completed excavation should be inspectad by the hydraulic
engineer fo confirm that adequate drainage has been allowed for. Drainage should be connectad to the sump-
and-pump systam and discharging into the stormwater system. The permanant groundwaler control systam
should take into sccount any possible soluble substancss in the groundwatsr which may dictate whather or not
gnounciwater can ba pumped into the stommwater systemn.

The design of drainage and pump sysiems should take the above issues into acoount along with careful ongoing
inspaciions and maintanance programs.

E| recommends detailed groundwaler monfloring with pump out tests be carried oul within the installad monitoring
well for monitaning of groundwater leveds and estimation of seepage volumes into the sie.

4.5 EXCAVATION RETENTION

451 Support Systems

From a geatechnical perspactive, it is critical 1o maintain the stabiiity of the adjacant structures and infrastruciures
during demolition, excavation and construction works.

Based on the encouniered subsurface condifions, proposed basement depth and assuming the proposed
basement outiine extends closa fo the eife boundanies, tempaorary battars for the ancountared soil and weathared
shale profile ans considered not feasible and not recommended for this site.

A suitable retenfion system, such as anchored andior propped soldier pile walls, with concrete infill panels,
instalied to below bulk excavafion levels is recommanded and will ba required for the support of the excavation.
Anchors/props and sholcrete must be inslalled progressively as excavalion proceeds. The use of & more dosely
spaced shoring system (such as semi-contiguous or contiguous) Is recommended adiacent %o neighbouring
buiidingsfinfrastructures, so a3 to reduce the |ataral movements and the risk of potential damage.

Even though Unit 2d - Medium to high strength shale was encountered within the depth of the excavation, the
shale included inclined joirts that may be adversely inclined in af least one of the cul faces. If such adversely
inclined joints exist within unsupported o feces, they could resull in a lange scale failure. Stabilisation of such
wedges during excavaiion i not practical, as when fhe bases of such joints are exposed i is offen foo laie io
install addilional support. Should an unsupporied rock face excavation be adopled, the excavation would require
to be carefuly staged so thal only part of the face is exposad at a fime, with inspactions by a gectechnical
engineer a1 1.5m infervals, This is ofien undesirable from & construction time and cost parspective. Therafors, we
recommend that the piles must be socketed below the base of the bulk excavation levels, and below local
footings, service frenches and Iiff pit excavations.

Baored plars may be used for this sie. However, relatively large capacity piling rigs (2.0. Sollmec SR-40 or larger)
will be required for drilling through the shale bedrock. The proposed pile locations should take into account the
presance of any neighbouring anchors andior the presence of buried sandices. Further sdvica should be sought
from prospective piling contractors who should be provided with a copy of this report. Working platioms may also
be raquired.

Futhermore, any exisfing buried services which run below the sile will require diversion prior o the
commencement of excavation or altematively be temporarily supporied during excavation, subject io permission
or other instructions from the relevan! service authorfies. Enquires should also be mada for furthar information
and detalls, such as inveri levels, on the buried services.

452 Design Parameters

The following paramatars may be used for static design of temporary and parmanant retaining walls at the subject
site:

= For progressively anchored or propped walls where minor movements can be tolerated (provided there are
no buried movement sensitive services), we recommend the use of a iraparmidal earth pressure distribution

#¢
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of 5H kPa for soll and shale bedrock of less than low strength, where H is the retainad height In meters.
These pressures should be assumed to be uniform over the cantral 50% of the support system;

= For progressively anchored or propped walls which support areas which are highly sensitive to movemant
{such as areas where movement sensifive structures or mfrastructures or buned senvices are bocated in close
praxdmity), wa recommend the use of & trapezoidal sarth prassure distribulion of BH kPa for soll and shale
bedrock of kess than low slrangth, where 'H' is the ratained height in meters. Thesa pressuras should be
aasumed 1o be uniform over the: central 50% of the support sysiem;

= For shale of Unit 2b or better, 8 nomiral uniform pressure of 10kPa should be allowed to support small
wadges of rock that may ocour;

= The shorng wall design should be either checked and designed to accommodale a wedge formed by a joint
inclinad at 45 degraes intersacting the excavafion face at tha base of the excavation or tha excavafion ba
camed oul with close geolechnical supenvision in order that additional anchors could be instaled i
unfavourable defects are revealed.

=  Full hydrostatic pressures must be taken info consideration in the design of refaining walls unless measures
are taken to provide complets and permanent drainage behind the walls. Strip drains protected with a non-
wovan gaolaxile fabrc should be used behind the shotcrats infll panels for soldier pile walls or inserted
between gaps in contiguous piles, Altermatively, for the contiguous pile walls, weepholes comprising 20mm
diameter PVC pipes grouted into holes or gaps between adjscent piles at 1.2m centres (horizontal and
verfical), may be used The embeddad end of the pipes must, howewer, be wrapped with a non-woven
geotextila fabric (such as Bidim A34) 1o act as a filter against subsail erosion;

= Al surcharge loading affecing the wals (including from construction equipment, construction loads, adjacant
high level footings, eic.) should be adopted in the retaining wall design as an additional surcharge using an
st resf earth pressure coefficient, k., of 0.59;

= For piles embadded into Unit 2d or bettar, the allowable ksteral toe resistance value outined in Table 4-1
below may be adoptad;

= | temporary anchors extend beyond the site boundaries, fhen permission from fhe neighbouring properties
would need to be obtained prior to installafion. Also, the prasence of neighbouring basaments (If any) or
sanvices and their levials must be confirmed prior to finalising anchor design;

=  Anchors shauld have their band length within Uni 2b or better, For the design of anchors bonded info Unit 2b
or better, the allowable bond stress value outiined in Table 4-1 below may be used, subject 1o the following
conditions:

1. Anchor bond lengths of at least 3m behind the ‘active’ zone of the excavation (taken a5 a 45 degree
zone shove the base of the excavation) & provided,

2. Overall stability, Including anchor group interaction, iz safisfied;

3. AN anchors shouid be proof loaded fo al least 1.3 Smes the design working load before locked off al

working load, Such proof loading s to be wilnessad by and engineer independent of the ancharing
contractor, We recommend that only experienced confrackors be considered for anchor installafion with

appropriate insurances;
4, Pemmaneni anchors must have appropriate comesion provisions for langevily.
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Table 4-1 Geotechnical Design Parameters
Unit 21
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e et 2 | - - ool
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4.6 FOUNDATIONS

Al the assumead BEL of RL 16.4m AHD, we axpact Unit 2d malerial o be expoasad.

It is recommended that all footings for the: building be founded within shale bedrock of similar strangth to provide
uniform support and reduce the polential for differential setfiements.

Footings founded within Unit 2d may be designed for an allowable bearing capacity of 3000kPa, based on
sanviceability. Within the bassment area, strip/pad footings may be used,

Geotechnical inspections of foundations by & geotechnical engineer to delerming that the required socket
matarial has been achieved and founding material has been reached and determine any variations that may
ocour batween the boreholes and inspecied locations are recommended.

4.7 LowesT BASEMENT FLOOR SLAB

Following bulk excavations for the proposed basements, shale bedrock s expacted to be exposed at BEL. The
lowest basement slab should be provided with a granular sub-Dase layer to provide a separation between the
rock and tha fioor siab. We recommend that the sub-base layer comprise at least 100mm fhickness of crushed
rock to RMS QA specification 3051 (2013) unbound base material (or aquivalent good quality and durgble fine
crushed mck) compacted to &t least 100% of Standard Maximum Dry Density (SMDD). Concrete pavements
should be designed with an effective shear transmission at all joints by way of either dowelied or keyed joints.

The completed excavation should be inspected by the hydraullc engineer to confim the extent of the drainage
required

In addifion, a system of sub-sod draina comprising & durable single sized aggregate with perforated drains/pipes
leading fo sumps should be provided. The basement floor slab should be isolated from columns.
Pamission may need 1o be cbtained from the NSW Department of Primary Industries (DP1) and possibly Council

for any permanent discharge of seapage into the drainage system. Given the subsurface conditions, we axpact
that seepage volumes would be bow and within the DP| limits. However, if permission for discharge is not

obfained, the basement may need io be designed as a tanked basement.
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5 RECOMMENDATIONS FOR FURTHER GEOTECHNICAL SERVICES
Below is a summary of the previously recommended addifional work that needs to be camied out

Pump-out tests within the instaled well,

Diapidation surveys;

D;mn of working platiorms (if required) for construction plant by an experienced and qualified geotechnical
anginear;

Classification of all axcavated malerial ransporied off site;

Riock face inspaciions, if required;

Wilnessing instaliation and proof-testing of anchors (if required],

Geatechnical inspachons of foundations; and

Ongaing menitoring of groundwater inflows inte the bulk excavation;

We recommend fhat a meeting be held after inttial structural design has been completed to confim that our
racommendaions have been comectly interpreted. We also recommend a meeting at the commencement of
construction to discuss the primary gectechnical issues and inspaction requirements.
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6 STATEMENT OF LIMITATIONS

This report has been prepared for the exclusive use of Combined Projects (Wesimead) Pty Ltd who is the only
intended beneficiary of EF's work. The scope of the investigation camied out for the purpose of this report is fimited
to those agread with Comibined Projects (Westmead) Piy Lid

Mo other party should raly on the document without the prior wiitten consent of EI, and El underakes no duty, or
accepts any responsibility or kabilty, fo any third party who purports to refy upon this decument without El's
approval.

El has used a degres of cane and skill ordinarily exercisad in similar investigations by reputable members of the
peotechnical indusiry in Austrafia as al the dale of this document. No other warmanty, expressed or implied, is
made or infended. Each section of this report must be read in conjunclion with the whede of this report, inchuding
its appendices and attachments.

The conclusions presented in this report are based on a imited investigation of conditions, with specific sampling
and fest locations chosen to be as representative as possible under the given circumstances,

El's professional opinions are reasonable and based on s professional judgment, experience, training and
resulls from analyfical data, El may alzo have relied upon information provided by the Client and other thind
pariies to prapare this document, some of which may not have bean verified by El.

El's professional opinions contained in this document are subject o modification if addifional information is
obtained through further investigation, cbaervations, or validation testing and analysis during construclion. In
some cases, further tesfing and analysis may ba required, which may result in a further report with different
conclusions.

We draw your attendion to the document “Impartant Information”, which is included in Appendix D of this report.
The statements presented in this document are intended o advise you of what your realistic expectations of this
report should be. The document is nof intended o reduce B level of responsibility accepled by El, but rather to
ensure that all parties who may rely on this report are aware of the responsibilities each assumes in 50 doing.

Should you have any queres regarding this reporl, please do not hesitate to contact El,
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8 ABBREVIATIONS

AHD Australlan Height Datum

AS Austrafian Standard

BEL Bulk Excavation Level

BEGL Below Exisling Ground Level

BH Borehole

DBYD Dial Before You Dig

oP Deposited Plan

El El Australia

Gl Gaolachnical Invastigation

MATA Mafional Association of Testing Authoriies, Australia
RL Reduced Level

TC Tungsten-Carbida

ucs Unconfined Compressive Strength
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APPENDIX C
VIBRATION LIMITS

(Garman Standard DIN 4150 - Part 3: 1388 provides guideline levels of vibration velocity for evaluating the effacts of
vibration in structures. The limits presented in this standard ane generally considered to be conservative.

The DIN 4150 values (mexdmum levels measured in any diraction at the foundation, OR, maximum levels measured in
{x) or y) diractions, in the ptane of the upparmast floor), are summarised in Table A beiow.

It should be noted that peak vibration velocifies higher than the minimum figures in Table A for low frequancies may
be quite safe’, depending on the frequency conlant of the vibration and the actual conditions of the structures.

It should aiso be noted that these levels are ‘safe limils’, up to which no damage due to vibration effects has been
observed for the particular class of building. 'Damage’ is defined by DIN 4150 to include even minor non-structursl
cracking in cement render, the enlargement of cracks already present, and the separafion of parions or intermediate
wallls from load baaring walls. Should damage be observed at vibralion levels lower than the “safa Bmits', then i may
be attribited to other causes. DIN 4150 also states that when vibration levels higher than the ‘safe limils’ are present,
it doas not necessanily follow that damage will occur. Values given ara only a broad guide.

Table A DIN 4150 - Structural Damage - Safe Limits for Bullding Vibration
Paak Vibratian Velocky [mms)
~ Plane of Floor
Group Typé of Sinsctrs Al Foundation Lewed af a Frequency of; ﬂw
Losg than 0 Hz o 50k Hz fo
18 H 50 He wne | T
Buldings ussd for commercil purposes,
1 industnial bubdings and buldings of aimilar k) 2010 40 41 2 150 40
design
Dwailings and bulidings of similar design Z
2 il tha ] S 15 1520 16
| Siructunes hald bachuyss o thair parlcular .
sensivity o vibraion, do nol comespond in
3 fhose ksled in Geoup 1 a9 2 end Feve 3 o8 g0 B
riiringic valoe (8. buildings hat ane under
A preservation order)

Note: For frequencies above 100 Hz, the higher values in the 50 Hz to 100 Hz column should be used,

#¢
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IMPORTANT INFORMATION
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SCOPE OF SERVICES

The gectechnical report (he repord”) has been prepared n
accordanca with e scope of senices as sat out in the confract, or
as otherwise agreed, batween the Cllemt And El Australia ("EF).
Tha scope of work may have bean limiad by a range of faciors
such as time, budged, access andfor site dshurbance consiraints.

RELIANCE ON DATA

El has ralied on data provided by the Client and other individusis
and organizalions, ko prepare the reporl Such data may include
surveys, anslfyses, designs, maps and plans. El has nol verified
tha accuracy of complaleness of the dala axcept a5 steted in the
report. To the extent thef the stalements, opinions, fects,
information, conclusions endior recommendations (“conclusions™)
are based in whole or pard on Bhe dats, El wil not ba fabla in
ralation ko Incomect conclusions should any data, information or
condifion be incomect or have been concesbad, withheld,
migrapresened or otheratzs not fully disclosed to E,

GECTECHHICAL ENGINEERING

Geatechnical engineering |s tased extensively on judgment and
opinicn. 1 is far less exac then ofher engineering discipines.
Geatechnical engineaning reports are prepared for a specic client,
for & specific project and o meet epeciic neads, and may not bs
adequate for other clents or ofhar purposes (2.4 & nepart prepares
for & consulling ol enginesr may nol be adequale for a
construction condractor). The report shoukd not be used for other
than its intanded purpose witiout seeking additional geatechnical
avice. Also, unkess furiher pectechnical advice i3 obiained, the
raport cannof be used where the nature andlor dalgils of the

proposed development ane changed,
LIMITATIONS OF SITE INVESTIGATION

Tha mestigation programme undestaken is 8 professional
estimate of the scope of investipation required o provide a peneral
profie of subsurface conditions. The dafa derived Fom the sie
investipation programme and subsequent faboratory lestng ane
extrapolated across e site o form an infermed geological modal,
and an engineering opinion i rendered about overal subsurface
condifions end fhar Bely behaviour with regand fo the proposed
development. Despite Imvestigetion, e actual conditions at the
sie might diffar from thosa inferred fo exdst, since no subsurfece
aaploratian program, mo mabler how comprahansive, can reweal all
subsurface detsils end snomalies. The engineering logs ere the
subjeciva Inlerpratation of subsuriaca condiions ot a parioular
locafion and fime, made by trained persannel. The achual interfacs
between maieriss may be more gradual or abrupt than a report
indicates.

Raw.7, Janusry 316

SUBSURFACE CONDITIONS ARE TIME DEPENDENT

Subsurface condiflons can be modified by changing natural forces
or man-mads influences, The report is based on condiions that
wdgied at w time of subsurface eeploration. Construction
operations adjacent 1o the sie, and ratural evenls such as floods,
or ground water fuciuations, may aleo affect subswface
conditions, and thus the conlinuing adequacy of a gectachnical
report. El should be kept appraised of any such events, and should
be conzulted fo delerming If any addiional tests ane necassary,

VERIFICATION OF SITE CONDITIONS

Whera ground condibions encourenad af fe site diffar significanty
from those anticipated in tha report, either due to natural varisbiity
of subsurface conditions or construction activities, i s a condition
of the report that E| be notified of any variafions and be provided
with an oppartunity to review the recommendations of this repart.
Recognition of change of soil end rock condiions reguires
experienes and i & recommendsd that a sultably experienosd
geoiechnical angineer be engaged to visit the ske with sufficent
frequeancy b debect if condiions have changed significantly.

REPRODUCTION OF REPORTS

This repor i the subjact of copyright and ghall nat be reproduced
either fotally or in part withawt fhe express pemnission of this
Compary. Whese information from the accompanying repor |s o
be incuded in contract documants or engineering spacification for
the peoject, the entie reporl should be included in ceder o
minimtes fe Melihood of misinlerpretation from logs.

REPORT FOR BENEFIT OF CLIENT

The report has been prepared for the benafit of the Client and o
other party. EI assumes no responsibility and will not be lisble o
any ofher parson of ofganisation for or in relation to any mabler
oaat with or conclusions exprassed in fhe rapor, or for any Iogs or
damage suflered by any ofher person or organizalion arising from
maters dealt with or conclusions expressad in the report (incuding
without Brnitation mathars arising from any negligent act or omission
of El or for any lees or damage suffered by any other parly relying
wpon the metiers dealt with or conclusions expressed In the
report]. Other parfies should not rely upan the raport or the
acouracy of compledeness of any conclusions and should make
their own inquiries and obiein independent advica in relafion o
such mathars,

OTHER LIMITATIONS
El wil nol be Eable to updale or revise the report to take inlo

account any events or emarment cirumstences or fact ocourring o
becoming apparent after the date of the report.



