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1. Introduction 

At the request of North Lakes Pty Ltd, Parsons Brinckerhoff (PB) has completed a 
geotechnical site investigation of Stage 21 at Northlakes Estate, Cameron Park, New South 
Wales. At the time of the investigation, Stage 21 consisted of twenty six residential lots (2101 
to 2126).  

The investigation was generally completed in accordance with our proposal (PB Ref: 
PP_9342, dated 17 September 2009) with the objective to assess subsurface conditions 
within the residential lots and assign site classifications in accordance with AS 2870. 

PB’s civil engineers provided civil design drawings for the stages which were used to scope 
the site investigation.  
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2. Investigation method 

Fieldwork for the investigation was carried out on 6 October 2009 and comprised the 
excavation of 12 test pits (TP2101 to TP2112). Test pits were initially located on lot 
boundaries to minimise potential disturbance to future footings with residential buildings. One 
of the test pits (TP2110) was moved off a lot boundary due to the placement of the site office 
and excavating equipment.  The location of the test pits were recorded using a hand held 
GPS. The locations are shown on Figure 1 attached in Appendix A.  

A geotechnical engineer from PB supervised the test pit excavations, collected 
representative subsoil samples and prepared engineering logs of the subsurface conditions 
encountered. Pocket penetrometer tests were completed in clayey soils to assess the 
consistency. Description of the subsurface conditions was completed with reference to 
AS1726-1993 Geotechnical site investigations and PBs field manual for site investigation. 
Engineering test pit logs are attached in Appendix B along with explanatory notes that 
describe the terms and symbols used.  

The strength of bedrock was assessed by observation of excavation resistance in 
conjunction with inspection of fragments recovered from the test pits. 

Groundwater observations were made in the test pits both during and a short time after 
excavation prior to backfill. No long term groundwater monitoring was undertaken.  

Undisturbed (U50) samples were collected from selected test pits and sent to Valley Civilab, 
a NATA accredited laboratory, for shrink/swell analysis. The laboratory certificates are 
attached in Appendix C. 
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3. Investigation results 

3.1 Site description 

Stage 21 is located off Constitution Drive in Northlakes Estate, straddling Roads 28 (Shipley 
Street) and 32A (Hooghly Avenue) and to the south-east of Road 32 (Hooghly Avenue).  

At the time of the investigation, Stages 21 was still under construction. Partial clearing of the 
site had been completed for the associated works with mature trees still located throughout 
the residential lots.  

Slope gradients at the site range from 2° to 12° generally in a south-westerly direction. 
Drainage from the site runs off to a natural gully line to the south-east.  

3.2 Regional geology and subsurface conditions 

The Newcastle Soil Landscape Series Sheet 9232 indicates that the site lies within the 
Warners Bay residual soil landscape.  This unit comprises undulating to rolling low hills and 
rises on fine-grained sediments of the Newcastle Coal Measures in the Awaba Hills.   

The Newcastle 1:250,000 Geological Series Sheet SI 56-2 indicates that the site is underlain 
by the Newcastle Coal Measures of Permian age.  This unit comprises interbedded 
conglomerate, sandstone, tuff, shale and coal. 

The typical subsurface profile encountered during the investigation program is summarised 
in Table 3.1. For a detailed description at specific locations, reference should be made to the 
engineering logs and explanatory notes attached in Appendix B. 

Table 3.1 Typical subsurface profile 

Material Depth range encountered (m) 

Fill 0.0 to 0.10 

Topsoil 0.0 to 0.2 

Residual soil 0.021 to 1.00 

Weathered rock +0.10 

Note 1: Topsoil assumed to be striped and replaced with shallow fill.  

The characteristics of the subsurface conditions are summarised below. 

3.2.1 Fill 

Some filling on the site consisted of landscaping woodchips.  
 
Minor filling was present at the locations investigated to the west of Road 28 (Shipley Street) 
where gravelly SAND (SP) or GRAVEL (GP) was encountered to depths up to 0.10 m. 

3.2.2 Topsoil 

Topsoil depths of 0.2 m are typical, with the material predominantly silty SAND (SM), brown 
to grey, fine grained with organic material. Moisture was typically assessed as dry during the 
investigation with loose to medium dense relative density. Low to medium plasticity grey 
CLAY (CL) was also identified within some of the test pits.  
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3.2.3 Residual soil 

Residual soil at the site typically comprises sandy/clayey SILT (ML) or sandy/silty CLAY 
(CL), low to medium plasticity, grey to brown with varying percentage of fine grained sand. 
Consistency was typically very stiff to hard with moisture contents at or less than the plastic 
limit.  

3.2.4 Weathered rock 

Weathered rock was encountered in the test pits at depths between 0.10 m and 1.00 m, with 
bucket refusal of the backhoe typically occurring around 1.00 m on highly weathered 
siltstone and sandstone of medium strength at depths . Typically, the depth to bedrock is 
shallower (0.10 m to 0.60 m) along the western and eastern edges of the site. Excavation 
was readily achievable through extremely low to low strength material. Weathering of the 
rock resulted in interbedding of weathered rock and residual soil material.  

3.2.5 Groundwater 

No groundwater was encountered within any of the test pits during the short period that they 
remained open. No long term monitoring was undertaken. Groundwater levels can be 
influenced by many factors including: 

Á Regional groundwater levels 

Á Local and regional drainage 

Á Geology 

Á Rainfall 

Á Changes in land use 

Á Groundwater extraction. 

3.3 Laboratory results 

Undisturbed (U50) samples were sent to Valley Civilab for shrink/swell analysis. The results 
are summarised in Table 3.2 and certificates are attached in Appendix C. 

Table 3.2 Shrink/swell results 

Sample location Shrink/Swell 

 Iss (%) 

TP2105 0.9 

TP2107 3.2 

TP2109 3.0 

TP2111 4.2 

TP2112 3.7 
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4. Discussion and recommendations 

4.1 Site classifications 

In assessing site classification for the lots in this site, consideration has been given to 
subsurface conditions, soil reactivity, anticipated fill settlement, and slope stability. 

AS2870-1996 provides for the classification of lots based on the characteristic surface 
movement as follows: 

Surface Movement, ys (mm) Site Classification 

0<ysÒ20 S 

20<ysÒ40 M 

40<ysÒ70 H 

70<ys E 

 

The subject lots have been classified as detailed in Table 4.1.  

Table 4.1 Site classifications 

Lot Site Class Lot Site Class 

2101 S 2114 M 

2102 S 2115 M 

2103 M 2116 M 

2104 M 2117 M 

2105 M 2118 M 

2106 M 2119 S 

2107 M 2120 S 

2108 M 2121 S 

2109 M 2122 S 

2110 M 2123 S 

2111 M 2124 S 

2112 M 2125 M 

2113 M 2126 M 

4.2 Site preparation 

In general, all earthworks should be completed in accordance with AS3798 Guidelines on 
earthworks for commercial and residential developments. 

All topsoil, organic matter and any existing uncontrolled fill should be stripped from areas 
where engineered fill or slabs are to be placed.  A typical stripping depth of 0.20 m should be 
allowed for the site. 

Areas to be filled should be proofed rolled under the inspection of a geotechnical 
engineer/engineering geologist and any soft or heaving materials removed.  
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4.3 Excavations 

If required and where practicable, excavated slopes should be benched in accordance with 
the NSW WorkCover: Code of Practice – Excavation March 2000.  

Excavations within the topsoil, residual soils and extremely weathered bedrock should be 
achievable using conventional earthmoving equipment such as excavators, backhoes or 
bobcats.  It is anticipated that excavation within the distinctly weathered bedrock should be 
feasible using hydraulic excavators with rock hammers.  

Excavation conditions were not investigated below backhoe refusal, which typically ranged 
from 0.40 m to 2.40 m deep.   

Temporary excavations through natural soils and extremely low to very low strength bedrock, 
up to a maximum depth of 1.5m, may be excavated near vertical provided that:  

¶ they are barricaded when not in use 

¶ they are not left open for more than 24 hours 

¶ no surcharge loading is applied within 2.5m of the edge of the excavation 

¶ no groundwater inflows are encountered 

¶ they are not used for access by a worker 

Where the excavation is to be open for more than 24 hours or access is required for a 
worker or deeper excavations are required, the excavation batters should be regraded to no 
steeper than 1.5H in 1V, or supported by properly designed shoring. 

Any permanent excavations should be battered no steeper than 3H in 1V and vegetated to 
reduce erosion potential. If steeper batters are required they should be supported by 
properly engineered and constructed retaining walls with due consideration to surcharge 
loads and drainage conditions.   

The above recommendations should be confirmed by a geotechnical engineer once the 
profile is exposed. 

4.4 Filling 

Prior to placement of fill, areas to be filled should be prepared as detailed in the Section 4.2.  

Placement of fill should be in maximum 300 mm (loose) layers. The full depth of each layer 
should be compacted to 95 % standard maximum dry density (SMDD) at ± 2 % of the 
standard optimum moisture content (SOMC).  Each layer should be placed to minimum of 
Level 2 supervision in accordance with AS3798-2007.  Level 1 supervision should be 
provided in areas to support high level footings with a relative compaction of 98 % SMDD 
achieved. 

All permanent fill slopes should be graded no steeper than 2H in 1V and should be protected 
from erosion.  Alternatively, fill embankments may be retained with properly engineered and 
constructed retaining walls with due consideration to surcharge loads and drainage 
conditions. 

The depth of fill placed on individual lots should not exceed a nominal 1.5 m without prior 
approval by a geotechnical engineer/engineering geologist. 
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4.5 Footing design and construction 

In general, flexible structures such as brick veneer or clad frames are preferred for 
residential development on reactive clay sites. Footings should be designed by a practising 
structural engineer in accordance with AS2870-1996 for the classifications provided in 
Section 4.1. 

Strip/pad footings, raft slabs and pier and beam systems would be suitable footing types. 

Any future cut and fill earthworks may affect the site classifications provided in this report. 
We recommend that the site classifications be reassessed if excavations in excess of 0.4 m 
or filling in excess of 0.5 m thick are proposed.   

Footings should be excavated, cleaned out and poured with minimum delay.  If footing 
excavations are to be left open for an extended period of time, a concrete blinding layer 
should be provided to protect the foundation material.  Should any uncompacted fill or locally 
deep topsoil be encountered during footing excavation, these materials should be penetrated 
and the footings founded in accordance with the requirements of Section 6 of AS2870-1996.  
A geotechnical engineer should be consulted if these conditions are encountered. 

Where footing excavations are partially on rock, the whole footing should be taken to rock to 
achieve uniform bearing and foundation conditions.  Alternatively structures may be 
articulated over changes in founding conditions, in accordance with AS2870-1996.  

Where footings are to be founded on rock, reclassification of the site and amendment to 
footing sizes may be appropriate, and both a geotechnical and structural engineer should be 
consulted prior to construction of the footing. 

4.6 Drainage 

Site drainage should be installed to prevent ponding of surface water adjacent to structures. 
Surface water and roof runoff should be directed away from foundations and collected in the 
stormwater system.  

Where retaining walls are required, subsoil drainage should be provided and connected to 
the stormwater system.  

Surface water flows should be redirected from batter slopes by the use of dish drains.  

Classification of the subject lots has been assessed based on moisture variations caused by 
normal climatic and garden conditions.  More severe moisture variations can be caused by 
other common, but controllable factors.  Reactive soil notes included in Appendix E are 
intended as a summary to those provided in CSIRO 10 - 91 “A guide to Home Owners on 
Foundation Maintenance and Footing Performance” and should be regarded as 
‘recommendations’.  Future owners should be advised of these maintenance procedures, as 
it is commonly accepted that most damage to residential type structures on reactive sites is 
due to poor site maintenance. 
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5. Limitations 

This report should be read in conjunction with the ‘Limitations of Geotechnical Site 
Investigation‘ statement attached in Appendix D, which provides important information 
regarding geotechnical investigation and assessment. Significant variation in subsurface 
conditions from those anticipated should be reported to this office for reassessment. 

ReferencesAustralian Standards AS 1289 Methods of testing soils for engineering purposes. 
Standards Australia 

Australian Standard. (1993). AS1726-1993 Geotechnical site investigations. Standards 
Australia. 

Australian Standard. (1996). AS2870-1996 Residential slabs and footings-Construction. 
Standards Australia. 

Australian Standard. (2007). AS3798-2007 Guidelines on earthworks for commercial and 
residential developments. Standards Australia. 

WorkCover Authority of New South Wales Code of Practice - Excavation 2000 

Australian Standard. (2007). AS3798-2007 Guidelines on earthworks for commercial and 
residential developments. Standards Australia. 

Newcastle Soil Landscape Series Sheet 9232 

Newcastle 1:250,000 Geological Series Sheet SI 56-2 
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Rock Description 
 
The rock is described with strength and weathering symbols as shown below.  Other features such as bedding and dip angle are given.  
 
METHOD 
 
Refer soil description sheet 
 
WATER 
 
Refer soil description sheet 
 
 
ROCK QUALITY 
 
The fracture spacing is shown where applicable and the Rock Quality 
Designation (RQD) or Total Core Recovery (TCR) is given where: 
 
 

length of core recovered
 
TCR (%)  = 

length of core run 
 

Sum of Axial lengths of core > 100mm long
 
RQD (%) = 

length of core run 
 
 
ROCK MATERIAL WEATHERING 
 
Rock weathering is described using the abbreviations and definitions used 
in AS1726.  AS1726 suggests the term “Distinctly Weathered” (DW) to 
cover the range of substance weathering conditions between (but not 
including) XW and SW. For projects where it is not practical to delineate 
between HW and MW or it is deemed that there is no advantage in making 
such a distinction, DW may be used with the definition given in AS1726. 
 

Symbol Term Definition 
RS Residual Soil Soil definition on extremely weathered 

rock; the mass structure and substance 
are no longer evident; there is a large 
change in volume but the soil has not 
been significantly transported 
 

XW Extremely 
Weathered 

Rock is weathered to such an extent 
that it has ‘soil’ properties, ie. It either 
disintegrates or can be remoulded in 
water 
 

HW Highly 
Weathered 
 
 

Distinctly 
Weathered 

(see AS1726 
Definition 

below) 

The rock substance is affected by 
weathering to the extent that limonite 
staining or bleaching affects the whole 
rock substance and other signs of 
chemical or physical decomposition are 
evident. Porosity and strength is usually 
decreased compared to the fresh rock. 
The colour and strength of the fresh 
rock is no longer recognisable. 
 

MW 

 
 
 
 
 
DW 

Moderately 
Weathered 

The whole of the rock substance is 
discoloured, usually by iron staining or 
bleaching, to the extent that the colour 
of the fresh rock is no longer 
recognisable 
 

SW Slightly 
Weathered 

Rock is slightly discoloured but shows 
little or no change of strength from fresh 
rock  
 

FR Fresh Rock shows no sign of decomposition 
or staining 

 
“Distinctly Weathered: Rock strength usually changed by weathering.  The 
rock may be highly discoloured, usually by iron staining.  Porosity may be 
increased by leaching, or may be decreased due to the deposition of 
weathering products in pores.” (AS1726) 
 
 
 
 
 
 

ROCK STRENGTH 
 
Rock strength is described using AS1726 and ISRM - Commission on 
Standardisation of Laboratory and Field Tests, "Suggested method of 
determining the Uniaxial Compressive Strength of Rock materials and the 
Point Load Index", as follows: 
 
 

Term Symbol Point Load Index 
Is(50) (MPa) 

Extremely Low EL <0.03 
Very Low VL 0.03 to 0.1 
Low L 0.1 to 0.3 
Medium M 0.3 to 1 
High H 1 to 3 
Very High VH 3 to 10 
Extremely High EH >10 

 
 
 Diametral Point Load Index test  
 
 Axial Point Load Index test  
 
 
DEFECT SPACING/BEDDING THICKNESS 
 
Measured at right angles to defects of same set or bedding. 
 
Term Defect Spacing Bedding 
Extremely closely spaced <6 mm 

6 to 20 mm 
Thinly Laminated 
Laminated 

Very closely spaced 20 to 60 mm Very Thin 
Closely spaced 0.06 to 0.2 m Thin 
Moderately widely spaced 0.2 to 0.6 m Medium 
Widely spaced 0.6 to 2 m Thick 
Very widely spaced >2 m Very Thick 

 
DEFECT DESCRIPTION 
 
Type: Definition: 
B Bedding 
BP Bedding Parting 
F Fault 
C Cleavage 
J Joint 
SZ Shear Zone 
CZ Crushed Zone 
DB Drill Break 

 
 
Planarity: Roughness: 
P – Planar R – Rough 
Ir – Irregular S – Smooth 
St – Stepped Sl – Slickensides 
U – Undulating Po – Polished 

 
 

Coating or Infill: Description 
Clean No visible coating or infilling 
Stain No visible coating or infilling but surfaces are 

discoloured by mineral staining 
Veneer A visible coating or infilling of soil or mineral 

substance but usually unable to be measured 
(<1mm).  If discontinuous over the plane, patchy 
veneer 

Coating A visible coating or infilling of soil or mineral 
substance, >1mm thick.  Describe composition 
and thickness 

 
The inclinations of defects are measured from perpendicular to the core 
axis. 
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Graphic Symbols for Soil and Rock 
 
Graphic symbols used on borehole and test pit reports for soil and rock are as follows. Combinations of these symbols may be used to indicate mixed 
materials such as clayey sand. 
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