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Mr Kerry Browning 
Senior Project Manager 
Land Development Agency 
GPO Box 185 
Canberra ACT 2601 
 
 
 
Dear Mr Browning 

ENDORSEMENT OF PHASE 1 ENVIRONMENTAL SITE ASSESSMENT REPORT - THROSBY 

The Environment Protection Unit (EPU) has reviewed the report titled “Phase I 
Environmental Site Assessment Report Proposed Throsby Site Part Blocks 733 and 718, 
Gungahlin District ACT” dated June 2012 by Geo_Logix Pty Ltd. 
 
The EPU has assessed the report and endorses the consultant's conclusions and 
recommendations as detailed in sections 8 and 9 of the report.   
 
Prior to the site being used for other purposes the areas of environmental concern must 
be assessed and remediated, as required, by a suitably qualified environmental 
consultant and the findings of the assessment endorsed by the EPU. 
 
All future assessment and remediation of the site must be in accordance with the 
guidelines endorsed by the Environment Protection Authority (EPA) as listed in the ACT 
EPA Contaminated Sites Environment Protection Policy, 2009. 
 
The works have generally been undertaken to the satisfaction of the EPU in accordance 
with the Contaminated Sites Environment Protection Policy, 2009 and associated 
guidelines. 
 
This letter of endorsement must be read in conjunction with the above report. 
 
Yours sincerely 
 
 
 
Mark Heckenberg 
Project Officer 
Environment Protection and Water Regulation 
 
03/07/2012 
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EXECUTIVE SUMMARY 

The Land Development Agency has commissioned SMEC Australia Pty Ltd to carry out 
geotechnical investigations to provide technical recommendations for the proposed new 
suburb of Throsby in the ACT.  

The project site is located in east Gunghalin at Canberra’s north-eastern edge.  Throsby is 
located between Mulligans Flat Nature Reserve and Horse Park Drive in East Gungahlin. 

The site currently comprises flat to gently sloping grassland used principally for livestock 
grazing.     

The LDA are proposing to develop the site into a residential and commercial subdivision 
with a new school area and includes the construction of roads, car parks, utilities and 
buildings.   

A site investigation has been carried out including a total of seventy seven (77) machine 
dug test pits excavated between the 18th and 28th February 2013 and five (5) auger drilled 
boreholes drilled on the 18th and 19th February 2013.  Boreholes were drilled to depths of 
up to 6 m below existing ground level and finished with standpipe well installations. 

Dynamic Cone Penetration (DCP) testing was also carried out during the investigation at a 
number of test pit locations. 

SMEC have provided an interpretation of subsurface conditions for the site based on the 
results of the geotechnical investigation.  A geotechnical site model has been developed 
and subsequent design parameters have been recommended based on the results of the 
fieldwork combined with past experience in similar ground conditions. 

SMEC have addressed the primary geotechnical components of the proposed works and 
provided recommendations on foundation design and geotechnical risk during the 
construction. 
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1  INTRODUCTION 

This report presents a preliminary geotechnical assessment for a proposed residential 
development.  The work was carried out by SMEC Australia Pty Ltd (SMEC) and was 
commissioned by the Land Development Agency (LDA) under a letter of acceptance 
dated 25th January 2013.  

The proposed suburb of Throsby is located between Mulligans Flat Nature Reserve and 
Horse Park Drive in East Gungahlin.  The study area comprises Rural Block Number 733 
(comprising 113.4 hectares) and Rural Block 718 (2.6 hectares in the north western 
corner) and lies approximately 11 km north of Canberra City.  A draft layout of the 
proposed development is given in Figure 1, below. 

The purpose of this investigation was to provide geotechnical information and data on the 
ground conditions to assist in the facilitation of the proposed development and the detailed 
design of the future residential estate. 

This report presents the results of the site investigation works undertaken during February 
2013.  

Investigations have been carried out in general accordance with our proposal reference 
1014570 “Geotechnical Investigations for Proposed Development at Gungahlin, ACT” 
submitted on 18 December 2012, an email from SMEC to the LDA on 11 February 2013 
and to Australian Standard AS1729:1993.   

Figure 1 Draft Masterplan 
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For design of the proposed development, recommendations are provided on:  

 Site preparation;  

 Excavation conditions, including excavation retention and cut batter;  

 Founding conditions;  

 The suitability of excavated materials for re-use on-site, including provision of 
general filling recommendations and fill batter recommendations;  

 Surface drainage and sedimentation control;  

 Aggressivity of the soil to buried concrete and steel elements;  

 Subgrade conditions for proposed roads and car parks, including provision of 
preliminary pavement thickness designs;  

1.1  Scope of Investigations 

The purpose of undertaking site geotechnical investigations is to better understand the 
subsurface site conditions and geology, particularly the depth of fill, depth to bedrock, 
groundwater level and composition / characteristics of soil and rock materials.  

The scope of investigation works undertaken is broadly defined by a combination of site 
topography, proposed works and the existing understanding of the site geology. 

The scope of works for this investigation included the following: 

 Eighty (80) test pits excavated to a maximum depth of 3 m. 

 Five (5) boreholes drilled to a maximum depth of 6 m.   

 Geotechnical and chemical laboratory testing. 

 Geotechnical report including test pit and borehole logs and laboratory test results. 

 

1.2  Structure of Report 

Section 2 of this report reviews all available data and describes the site topography and 
geology.  This exercise has been based primarily on site visits and referenced geological 
and topographical maps together with any relevant reporting. 

Section 3 of this report outlines and describes the methodology adopted for the site 
investigation works detailing drilling techniques and in-situ testing undertaken. 

Section 4 of this report presents the results of the site investigation works together with an 
interpretation of the subsurface conditions present on site. 

Section 5 of this report presents recommended geotechnical design parameters for 
consideration in the design of the site development. 

Section 6 of this report discusses design considerations and presents geotechnical 
recommendations for the development of the site. 

Borehole logs with explanatory notes are provided in Appendix A. 
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Test Pit logs with explanatory notes are provided in Appendix B. 

Laboratory test results are provided in Appendix C. 

 

2  SITE CONDITIONS AND GEOLOGY 

2.1  Topographical Setting and Site Observations 

For the purposes of this site evaluation, the site has been categorised into five areas, this 
includes Area 1 and Area 2; located north of the site entry point accessed from Horse 
Park Drive and Areas 3, 4, 5; located south of the site entry point accessed from Horse 
Park Drive. Please refer to Figure 2 for an outline of these areas. 

The site was accessed from Horse Park Drive, located east of Gungahlin town centre. 
Movements through the site took place on various un-surfaced access tracks. 

Generally the site area can be characterised by terrain of infrequent high relief, comprising 
moderately undulating hills with infrequent rock outcrops of high strength limestone. There 
are several small to medium sized dams located throughout the site, most likely used for 
the grazing of livestock. 

Area is of low lying relief with the exception of the northwest section - comprising 
moderately undulating plains.  Area 1 is a grass covered open vegetated area of land.  
There is a small to medium sized dam in the south west corner of this area at 
approximately 50% capacity.  Small clusters of trees were encountered predominantly in 
the north east section of this area.  

Area 2 comprises of a large sized dam at 20% to 30% capacity, various foreign objects 
such as burnt out car chassis, car parts and scrap metal was identified within the dam and 
in the vicinity of the dam.  This area consisted predominately of large stockpiles of 
limestone (possibly formed due to the clearing of land during cultivation).  The eastern 
section of Area 2 has a minor reduction in elevation, in comparison to the dam area. 

Area 3 comprises of relatively low lying relief with occasional gently undulating plains 
(notably in the western section of the area).  Medium sized trees were scattered 
throughout the area and there is an increase in elevation at the south east section of this 
area.  A burnt out car and various bits of scrap metal was observed in the eastern section 
of this area. 

Area 4 can be characterised by terrain of high relief with a reduction in elevation only on 
the eastern section of the area.  Medium to large sized trees and small to medium sized 
boulders were scattered throughout the area.  During the time of the investigation the 
majority of Area 4 was utilised as a grazing area for cattle. 

Area 5 is an open grassland field currently utilised for grazing.  It consists of a medium 
sized dam at approximately 50% capacity.  The area is of low lying relief with no rock 
outcrops and possibly has the lowest elevation within the site.  During the time of the 
investigation the majority of Area 5 was utilised as a grazing area for cattle. 
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Figure 2 Site Characterization and location of test pits 
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2.2  Regional Geology 

The 1:250,000 Geological Survey map sheet of Canberra (SI 55-16) indicates that the site 
is underlain by two main geological units as follows; 

 Lower Silurian rocks of the Canberra Group comprising calcareous shales, 
sandstone, mudstone, limestone lenses and tuffaceous sediments. 

 Middle Silurian rocks of the London Bridge Formation including calcareous shales, 
limestone, sandstone, tuff, porphyry and lavas.    

The rocks were likely laid down in shallow marine environments in a period of associated 
local volcanic activity approximately 400 million years ago.   

3  INVESTIGATION METHODOLOGY 

3.1  Access to Site 

The site was accessed via Horse Park Parade to the south west.  At the time of the 
investigation the site was easily accessible.   

3.2  Equipment 

3.2.1  Geotechnical Equipment 

Boreholes were drilled by a truck mounted rig from contractors Macquarie Drilling.  Drilling 
methods included solid auger drilling and air hammer drilling.  

Test pits were excavated with a JCB 3CX hydraulic backhoe. 

Dynamic Cone Penetration Tests (DCP’s) were performed using a standard cone tip on 
900 mm rods. 

3.2.2  Work Performed 

Test pit locations were planned to be evenly spaced on a grid pattern over the whole site 
to encapsulate potential variation in the shallow subsurface conditions.  Boreholes were 
located on the basis of a desktop study that highlighted potential contaminated areas (the 
boreholes were primarily drilled for the installation of wells for analysing the chemical 
composition of the groundwater). 

Borehole drilling was undertaken on 18 and 19 February 2013.  Test pits were excavated 
between 18 and 28 February 2013.  The locations of the boreholes and test pits are 
shown on Figure 3. 

The recovered soil samples were logged in accordance with AS1726:1993 by the 
Experienced SMEC Geologist who supervised the site works on a full time basis. 
Borehole and test pit logs are presented in Appendices A and B.  

Groundwater monitoring standpipes were constructed in the boreholes on completion.  
Test pits were backfilled with arisings and compacted with the bucket of the backhoe.  

Following completion of borehole and test pit logging, samples were uniquely labelled, 
stored and subsequently scheduled for laboratory geotechnical and chemical testing.   



 

 
 

Geotechnical Report – Throsby GI | 30011368 | Final Rev 1 | 19 July 2013 Page | 10 
                      

 

Figure 3 – Borehole and Test Pit locations 

Due to encountering groundwater in the top 5 m of every borehole a decision was made to 
change the planned deep borehole (20 m) to a shallow borehole (6 m). 

Test pits were terminated on rock due to the limits of the excavator.   

Laboratory tests have been performed according to the following schedule which was 
based upon SMEC’s in-depth understanding and experience in ground investigations: 

 Natural Moisture Content – 20 no. 

 Particle size distribution (hydrometer analyses for clays) – 4 no. 
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 Atterberg limits (plasticity of clays) – 8 no. 

 CBR + Maximum Dry Density – 4 no. 

 Chemical analyses of soil (pH, sulphate, chloride, resistivity) – 6 no. 

Laboratory test results are presented in Appendix C.    

3.3  Laboratory Test Results 

The results of laboratory testing are presented in Appendix C.  Results are summarised in 
Tables 3.1 and 3.2. 

Table 3.1 Summary of CBR Testing 

Location 
Sample 

Depth (m) 

Material Field 
Moisture 

Content (%) 

Optimum 
Moisture 

Content (%) 

Relationship 
of Field MC to 

OMC (%) 
CBR (%) 

TP12 0.5 - 0.7 CLAY 20.7 23.0 2.3 dry 3.5 

TP36 0.9 – 1.0 CLAY 15.7 17.6 1.9 dry 7.0 

TP59 0.6 – 0.7 Silty CLAY 11.1 14.9 3.8 dry 4.0 

TP78 0.6 – 0.7 Silty CLAY 18.0 23.1 5.1 dry 4.0 

 

Table 3.2 Summary of Plasticity Testing 

Location 
Sample 

Depth (m) 

Material Liquid Limit 
(%) 

Plastic 
Limit (%) 

Plasticity 
Index 

Linear 
Shrinkage 

(%) 

TP09 0.4 – 0.6 
Clayey 

GRAVEL 
80 25 55 18.0 

TP10 0.5 – 0.8 
Gravelly 
CLAY 

Non Plastic Non Plastic NA NA 

TP21 0.8 – 1.0 
Clayey 

GRAVEL 
82 27 55 21.8 

TP38 0.8 – 0.9 
Gravelly 
CLAY 

58 20 38 14.0 

TP50 0.7 – 0.8 Silty CLAY 43 16 27 11.3 

TP64 0.6 – 0.7 
Sandy Silty 

CLAY 
52 17 35 12.6 

TP52 0.8 – 0.9 Silty CLAY 60 23 37 14.6 

TP72 0.6 - 0.7 Silty CLAY 54 19 35 11.6 
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4  GEOTECHNICAL INTERPRETATION 

4.1  General 

The following sections present our geotechnical model and interpretation of subsurface 
conditions, which is based on currently available geotechnical information.  The 
subsurface material is classified and identified using the classification systems for soil 
units discussed in Section 4.2.  Section 4.3 presents geotechnical models and 
descriptions of each of the geological units encountered throughout the site.  Groundwater 
issues for the project are discussed in Section 4.4. 

4.2  Geotechnical Classification of Soils 

A variety of soils were encountered during the investigation.  Soils have been described 
using the Unified Soil Classification System (USCS).  The USCS soil classes are broadly 
divided into three groups: gravels, sands and silts/clays.  Each group can be subdivided 
into five or six units based on the soil consistency and density. The adopted Soil 
Classification System is presented below in Table 4.2. 

Table 4.2 Soil Classification System 

Soil Type USC Symbol Consistency/Density 

Clays and Silts CL, CI, CH, ML, MI, MH 

Very Soft (VS) 

Soft (S) 

Firm (F) 

Stiff (St) 

Very Stiff (VSt) 

Hard (H) 

Sands and poorly graded gravels SW, SP, GP, SM, SC 

Very Loose (VL) 

Loose (L) 

Medium Dense (MD) 

Dense (D) 

Very Dense (VD) 

Gravels (well graded) GW, GM, GC 

Very Loose (VL) 

Loose (L) 

Medium Dense (MD) 

Dense (D) 

Very Dense (VD) 
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4.3  Identified Subsurface Units and General Descriptions 

Typically the near surface geology over the site is fairly consistent, comprising a main unit 
of residual clay soil overlying extremely weathered bedrock.   

A summary of the encountered units is provided below in Table 4.3.   

Table 4.3: Geotechnical Unit Descriptions 

Unit Thickness (m) Description 

Unit 1: Topsoil  0.0 – 0.4 Clayey SILT, brown to dark brown, rootlets  

Unit 2: Residual Soil 0.8 – 2.3 Silty CLAY, very stiff to hard  

Unit 3: Bedrock > 5.7 Shale, siltstone and limestone 

 

4.3.1  Unit 1:  Topsoil 

Topsoil was encountered in the majority of test pits across the site.  Generally the material 
was dry and contained rootlets associated with native grass vegetation. Topsoil was found 
to reach a thickness of between 0 m and 0.5 m.   

4.3.2  Unit 2:  Residual Soil  

Weathering of the bedrock has produced a relatively consistent layer of stiff to hard silty 
clay across the site.  The thickness of the layer varied but reached a maximum of 2.3 m.  
In some parts of the site the backhoe bucket refused on bedrock at depths of less than 1.0 
m.   

4.3.3  Unit 3:  Bedrock 

Sedimentary rocks including shale, siltstone and limestone were encountered at depths 
from 0.7 m below the surface.  Typically the shales and siltstones were very low strength 
and extremely weathered but the limestone had characteristically high rock strength.     

4.4  Groundwater 

Groundwater was not encountered in any of the test pits apart from TP80 at the southern 
end of the site where seepage was noted at a depth of 1.9 m.   

Groundwater was encountered in all of the boreholes at the following depths: 

Table 4.4: Groundwater Depths 

Borehole Number Date Depth of Water  

BH01 19/02/13 3.0 m 

BH02 19/02/13 4.8 m 

BH03 19/02/13 4.0 m 

BH04 18/02/13 2.7 m 

BH05 19/02/13 2.0 m 
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Depth to groundwater is likely to be variable and affected by seasonal fluctuations. 

4.5  Interpretation of Subsurface Conditions 

The subsurface conditions encountered on site are broadly consistent with data published 
on geological maps.   

The water table was encountered at a relatively shallow depth within the bedrock.  

Excavations for the proposed development are likely to encounter a combination of 
topsoil, stiff and hard residual clayey soils and bedrock. 

5  GEOTECHNICAL DESIGN PARAMETERS 

5.1  General 

Geotechnical parameters relevant to proposed works have been recommended based on 
available field test results, published data and relevant past experience. 

The field tests carried out include: 

 Standard Penetration Test (CPT) 

 Pocket Penetrometer Test (PPT) 

 Dynamic Cone Penetration Test (DCP) 

It should be noted that the purpose of the site investigations (including field and laboratory 
tests) is to interpret the subsurface conditions whereas the design parameters are either 
derived from in-situ and laboratory tests or based on published data and experience.  

Based on the available geotechnical information, together with past experience and 
published information, recommended geotechnical parameters for the design of the 
pathway are presented in the following sections.  For convenience and clarity, the test 
results are presented in a separate figure for each soil density (very loose to very dense) 
or consistency (very soft to hard) in order to provide an apparent estimation.  Note that the 
recommended design values may be adjusted by the geotechnical designers based on 
the test results as appropriate. 

5.2  Strength Parameters 

Strength parameters include undrained shear strength (cu) for cohesive materials and the 
effective friction angle (φ’) and cohesion (c) for both cohesive and non-cohesive 
materials.   

5.2.1  Cohesive Materials 

For cohesive materials, short term stability is governed by undrained shear strength cu, 
which can be derived from SPT and Pocket Penetrometer tests.  When cohesive materials 
are subjected to permanent or long term conditions the effective strength parameters, i.e. 
cohesion (c) and friction angle (φ’) shall be used.  

Cohesive materials are classified into six consistencies for geotechnical design purposes. 
The undrained shear strength is one of the most widely used parameters for determining 
the consistencies of cohesive materials.  The typical range of cu values for each 
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consistency adopted for this project is defined in Table 5.1 below.  The lower bound value 
of the undrained shear strength of each clay consistency is generally recommended.  

 

Table 5.1: Adopted undrained shear strength of cohesive soils 

Consistency Typical cu range 

(kPa) 

Recommended value for design 

(kPa) 

Very Soft 0 – 12 5 

Soft 12 – 25 12 

Firm 25 – 50 25 

Stiff 50 – 100 50 

Very Stiff 100 – 200 100 

Hard > 200 200 

 

5.2.2  Cohesionless materials 

For non-cohesive materials, effective strength parameters, c and φ, are adopted.  The 
friction angles of sands have been derived based on past experience and published data.  

It is reasonable to assume the cohesion c of cohesionless materials as zero. The 
recommended friction angles for sands are presented in Table 5.2 below. 

Table 5.2: Adopted friction angles for sands 

Density Friction angle φ (degrees) 

Very Loose 25 

Loose 27 

Medium Dense 30 

Dense 35 

Very Dense 38 

 

5.3  Soil Unit Weights 

SMEC did not carry out any testing for determination of bulk density of the materials.  The 
bulk density parameters of the soils and rocks have therefore been derived from the 
borehole results, published data and past experience.  

The bulk density values for soils suggested in Table 5.3 were obtained from published 
data (e.g. Djoenaidi, Winda J, 1985 and Das, B, 2002) and relevant experiences from past 
projects. 
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Table 5.3 Adopted Soil Unit Weight 

Material Consistency 
Recommended bulk unit weight  

(kN/m3) 

Silts/Clays 

Very Soft 16 

Soft 17 

Firm 18 

Stiff 19 

Very Stiff 20 

Hard 21 

Sands & Poorly Sorted Gravels 

Very Loose 16 

Loose 18 

Medium Dense 18 

Dense 18 

Very Dense 20 

Fill Materials 

Poorly Compacted 15 

Moderately Compacted 17 

Well Compacted 19 

 

 
6  GEOTECHNICAL DESIGN CONSIDERATIONS 

This section describes the geotechnical design considerations relevant to the proposed 
works. 

The subsurface conditions at the site consist broadly of shallow residual soils overlaying 
weathered rock. Based on the nature of the proposed development, shallow footings for 
the proposed structures are likely to be founded in the residual clay soils (Unit 2) or 
underlying weathered rock (Unit 3).  For larger concentrated loads, deep footings would 
be suitable and should be founded in Unit 3.   

6.1  Site Preparation and Earthworks  

Site preparation and earthworks suitable for structure and pavement support should 
consist of the following:  

 Proposed building and pavement areas should be stripped to remove all existing 
vegetation, topsoil, root affected or other potentially deleterious materials.  
Stripping is generally expected to be required to depths of up to 0.4m. In areas of 
deep fill, any structures should be founded on piers that are socketed into natural 
materials;  



 

 
 

Geotechnical Report – Throsby GI | 30011368 | Final Rev 1 | 19 July 2013 Page | 17 
                      

 Following stripping, the exposed subgrade should be proof rolled to identify any 
wet or excessively deflecting material.  Any such areas should be over excavated 
and backfilled with an approved select material;  

 Approved fill beneath structures and pavements should be compacted in layers not 
exceeding 300mm loose thickness to a minimum density ratio of 95% Standard 
Compaction in accordance with AS1289 5.1.1 or equivalent within +/- 2% of 
Standard Optimum Moisture Content (SOMC) beneath structures and at 60% to 
90% of SOMC beneath pavements;  

 The top 300mm of natural subgrade below pavements or the final 300mm of road 
subgrade fill should be compacted to a minimum density ratio of 100% Standard 
Compaction or equivalent within the above stated moisture range;  

 All fill should be supported by properly designed and constructed retaining walls or 
else battered at 1V:2H or flatter and protected against erosion;  

 Earthworks should be carried out in accordance with the recommendations 
outlined in AS3798-2007 ‘Guidelines for Earthworks for Commercial and 
Residential Developments’. 

6.2  Excavation Conditions  

The soil and extremely weathered rock materials are expected to be readily excavated 
using conventional earthmoving equipment and without the need for hydraulic rock 
hammers. Rock comprising weathered Siltstones and Sandstones was found across the 
site at depths ranging from 0.8 to 2.7 m.  It is expected that the shales and siltstones will 
generally be excavatable to depths of at least 6m as it is typically of very low to low 
strength. Stronger Siltstones and Limestones exhibiting medium to high strength were 
encountered in the following locations and are expected to require hydraulic rock 
hammers to excavate.  

 TP02 – Limestone at 2.1 m depth 

 TP17 – Limestone boulders at 1.4 m depth 

 TP21 – Limestone at 1.8 m depth 

 TP25 – Limestone boulders at 1.3 m depth 

 TP53 – Limestone boulders at 1.1 m depth 

 TP54 – Limestone at 1.4 m depth 

 TP55 – Limestone at 0.8 m depth 

 TP76 – Limestone at 0.9 m depth 

Excavation dewatering is not expected to be required for the majority of the site, at least to 
the limit of the test pits.  Groundwater inflows and the need for excavation dewatering is 
likely for excavations below approximately depths of 3 m or excavation along or in close 
proximity to any watercourses.  

Our investigation works were undertaken during a period of little or no rainfall.  Significant 
surface water flows due to precipitation should be planned for during and after high 
precipitation events owing to the clayey nature of the near surface soils.  Civil works 
should be planned so that drainage paths are maintained to ensure runoff water is 
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discharged safely to the surrounding creeks and gullies using appropriate sediment 
control measures.  

In particular, excavations should be suitably protected to ensure surface water flows are 
diverted around the excavations.   

6.3  Karst 

All carbonate rocks are prone to solutional weathering by natural waters which can 
ultimately lead to the development of a karstic terrain.  The presence of limestones and 
calcareous shale beds within the boundaries of the site should be noted as a potential risk 
to the development.  Underground drainage and natural cavities characterise karstic areas 
and often present problems or potential hazards to many forms of engineering activities. 

Dissolution at the surface of a carbonate rockmass can potentially create an extremely 
irregular rockhead profile.  As vertical discontinuities within the rockmass manifest 
themselves as fissures at the rock surface they present themselves as favourable 
pathways for percolating soil water to enter the rock. 

The presence of limestone boulders within our test pits is an indication that the rockmass 
has become pinnacled and chaotic.  Irregular and pinnacled rockhead creates an 
engineering hazard through the potential for differential settlement where the foundations 
for a single structure bear on contrasting materials across the site.  Also an irregular 
rockhead profile makes for difficult stripping of excess soils in cuttings.  Selection of plant 
for excavation and haulage becomes an issue due to the complex nature of the limestone 
boulders in a clay matrix, 

6.4  Site preparation 

Access to the site is readily provided by surfaced roads (Horse Park Drive), allowing for 
easy access of plant.  Traffic control may be required to manage passing traffic and a 
specialist contractor should be consulted.   

Prior to excavations commencing on site a thorough search should be undertaken for 
buried services, and where required these services should be re-located clear of the 
proposed works. 

6.5  Existing Dams  

A number of existing dams are located across the site.  Decommissioning of these dams 
would be required as part of the development.  This would require removal of the existing 
stored water, dredging out any silt or debris and the removal of embankment filling 
material. The suitability of the embankment material for re-use as engineering filling 
should be assessed at the time of decommissioning.  

The existing sediments may be suitable for re-use for landscaping purposes, subject to 
further assessment of the geotechnical properties of the sediments at the time.     

Backfilling of the excavation resulting from the removal of sediments within the dam 
should be in accordance with the procedures outlined in Section 6.1. 

6.6  Allowable Bearing Capacity 

Structures should be supported on naturally occurring material and not uncontrolled fill or 
organic soils.  
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Due to the relatively shallow depth to rock across the site, it is anticipated that founding on 
strip or pad footings will be appropriate for most structures. Slab on grade construction is 
also suitable with the appropriate site preparation.  

Concentrated loads, not able to be adequately supported on shallow footings, may be 
supported on deeper pad footings and/or bored cast in situ concrete piers.  

The allowable bearing pressures and shaft adhesions presented below are conservative 
estimates for anticipated foundation types, loadings and construction practices. Less 
conservative estimates are likely to be achievable with further geotechnical calculations 
once actual footing details and loads are known. Pile design using limit state methodology 
in accordance with AS2159-2009 should be conducted as part of the detailed design.  

Slab or shallow pad or strip footings founded in very stiff to hard Unit 2 Residual Clays 
may be proportioned for an allowable drained bearing pressure of 175kPa.  Shallow 
footings founded in Unit 3 extremely weathered siltstone / sandstone or better may be 
proportioned for a maximum allowable bearing pressure of 600kPa. Footings should also 
be founded below a 1V:1H projection from the toe of any steep slopes or excavations.     

The base of all excavations shall be clean of loose debris and water, and should be 
inspected prior to construction to check for the presence of localised unsuitable / soft 
material.  

6.7  Site Classification  

Classification of residential sites as described in AS 2870 – 1996 “Residential Slabs and 
Footings – Construction” is based on ground movement limits, which are defined by the 
characteristic surface movement (ys).  The parameter ys represents the surface movement 
expected at a site between dry and wet periods, and can be estimated from soil shrinkage 
and instability indices, IPS and IPT respectively; and design suction change which 
provides an indication of the suction profile with depth within a soil, based on the climatic 
region of the site.    

The results of Atterberg limit and linear shrinkage testing undertaken on eight samples of 
the clay soils indicate that the clay soil is moderately plastic and moderately to highly 
reactive.  In the absence of any shrink / swell test results we would suggest that the 
residual clay soils on site are likely to be classified as Class M or H with regards to 
selection of appropriate residential footings. 

Laboratory testing of undisturbed samples for shrink / swell parameters needs to be 
undertaken in the next stage of investigations to confirm the above. 

6.8  Retaining Walls 

Retaining walls should be designed and constructed in accordance with AS4678-2002 
‘Earth Retaining Structures’.   

Excavations should be battered at 1V:2H or flatter and protected against erosion. 
Excavations steeper than 1V:2H in soil should be supported by engineered retaining walls 
or else specifically viewed by a geotechnical engineer on bulk excavation to better assess 
retention requirements.  

Recommended preliminary design parameters for permanent retaining walls are 
summarised in Table 6.1. 
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Table 6.1: Recommended Retaining Wall Parameters 

Geotechnical 
Unit 

Unit Weight 
(kN/m3) 

Effective 
Friction Angle 

φ' 

Drained 
Cohesion  

c' (kPa) 

Active Earth 
Pressure 

Coefficient 

Passive Earth 
Pressure 

Coefficient 

Unit 2 19 28 5 0.4 2.5 

 

Retention of rock excavations will require specific geotechnical assessment of the 
excavation to assess defects within the rock face. The facing or stabilisation measures 
required would be a function of the rock structure, drainage conditions and end use.  

Walls facing Unit 3 materials, backfilled with a minimum width of 0.5m of clean, 
uncompacted free draining granular material should be designed for an effective friction 
angle of 32° and active earth pressure coefficient of 0.31.  

The pressure distribution assumed for retaining walls should take into account the amount 
of allowable movement.  The earth pressure coefficients provided above will typically 
result in movements of approximately 1% of the wall height.  A higher earth pressure 
coefficient should be adopted for rigid walls.  

The above parameters make no allowance for surcharge loading from slopes, plant or 
structures located above the wall and assume that adequate drainage is provided to 
prevent the buildup of water behind the wall facing.   

6.9  Suitability of Site Soils for Use as Fill  

The majority of materials encountered are considered suitable for re-use on site as 
general engineered fill. Granular materials for pavement base and sub-base layers will 
need to be imported.  

Based on the results of the field investigation, Unit 2 and 3 materials are considered 
suitable for reuse as controlled fill. Unit 3 materials may require crushing or breaking by 
hydraulic hammer to reduce the portion of oversize material.  Any material removed from 
site is subject to a Waste Classification and will require environmental testing to confirm 
the classification of the removed material.   

6.10  Soil Aggressivity  

Testing for chemical aggressivity towards concrete and steel was carried out on six soil 
samples retrieved from testing locations. The samples tested comprise of TP7 (Silty Clay, 
0.3 – 0.6m), TP24 (Silty Clay, 0.6 – 0.7m), TP27 (Silty Clay, 0.6 – 0.8m), TP44 (Silty Clay, 
0.8 – 1.0m), TP60 (Silty Clay, 0.6 – 0.7m) and TP71 (Silty Clay, 0.6 0.8m).  

The samples are considered to be representative of the typical soil profile and 
groundwater inflows encountered at the site. Results of the laboratory testing are 
presented in Appendix C.  

Results of the aggressivity soil testing indicated that the material encountered onsite is 
generally neutral to mildly alkaline, with pH ranging from 6.5 to 9.0.  Chloride and sulfate 
levels were all very low.  The majority of soils encountered onsite are considered Soil 
condition B ‘Low permeability soils or soils above groundwater’ as they are typically 
located above the groundwater table or of low permeability (clays).   

The results indicate that the site soils tested would mostly be considered non aggressive 
toward steel and concrete, based on the exposure classifications given in 
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AS21592009,‘Piling Design and Installation’.  However, the resistivity result for TP27 
indicates that the soils in this part of the site would be moderately aggressive for steel 
piles.   

6.11  Preliminary Pavement Design 

Preliminary flexible pavement thicknesses are presented below solely for costing 
purposes. Final pavement thickness designs will need to be undertaken once road layouts 
and accurate design traffic loads are finalised. 

Preliminary Design Parameters 
 
It is understood that the pavements for the proposed residential development will 
predominantly be used by passenger vehicles although some bus traffic is also expected. 
A collector road running through the development is also proposed.  

The following pavement thickness designs for the proposed roads are based on a 20 year 
design life employing flexible pavement materials. With reference to Austroads – Guide to 
Pavement Technology (Ref 7), the following traffic loads has been adopted to allow 
preliminary design:  

 Minor roads with two lane traffic: 4 X 103 ESA’s 

 Local access with buses: 8 X 104 ESA’s 

 Collector with buses: 8 X 105 ESA’s 

Where traffic data varies from the information provided in this report, review of pavement 
designs will be required. 

Based on the results of the field work, laboratory testing, and previous experience in the 
surrounding area, an adopted design subgrade California Bearing Ratio (CBR) of 3.5% 
(residual clay) has been adopted for pavement design purposes.  Further CBR testing of 
soils at construction would permit pavement subbase materials to be selected and allow 
pavement designs to be refined for soils where a higher CBR is found. 

Preliminary Pavement Thickness Design 
 
Flexible pavement thickness design has been based on the procedures outlined in – 
Guide to Pavement Technology (Ref xx).  

At the time of the field investigation, the moisture content for the clay subgrade materials 
tested were 2 to 5% below Standard Optimum Moisture Content (SOMC).  It should 
therefore be anticipated that moisture conditioning of the subgrade may be necessary 
prior to compaction and placement of pavement materials.  The required time period to 
prepare the subgrade is likely to be dependent on the prevailing weather conditions at the 
time of construction. 

If over wet subgrades exist at the time of construction or deleterious fill materials are 
encountered at subgrade level, these materials should be over-excavated and replaced a 
well graded granular select material with CBR of 15% or greater.  The requirement for, 
and extent of subgrade replacement should be confirmed by a geotechnical engineer 
during construction. 

If rock subgrade materials are encountered, rock should be ripped and re-compacted for a 
minimum depth of 300mm. This will provide a dense homogeneous surface on which to 
construct the pavement and eliminate any preferential drainage paths under the pavement 
materials. 
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Preliminary pavement thickness designs are shown in Table 6.2 for several road types 
likely to exist in the proposed subdivision. 

Table 6.2 – Preliminary Pavement compositions – Flexible Pavements 

 Road Type 

Pavement Layer 
Minor roads with two 

lane traffic  
Local access with 

buses 
Collector with buses  

Wearing Course (mm) 40 AC 40 AC 40 AC 

Basecourse (mm) 100 100 150 

Subbase (mm) 175 250 315* 

Total Thickness (mm) 275 350 465 

Subgrade CBR 3.5% 3.5% 3.5% 

Allowable ESA 4 X 103 8 X 104 8 X 105 

* Thicker layers will need to be placed in two layers. Layers should be placed at a maximum loose thickness of 150 mm and 
compacted. 
AC – Asphaltic Concrete 

 
The pavement thickness presented above is dependent on the provision and maintenance 
of adequate surface and subsurface drainage. 

Pavement Materials 
Pavement materials should conform to the requirement outlined below in Table 6.3. 
 
Table 6.3 – Preliminary Pavement Materials and Compaction Requirements 

Pavement Course Material Specification Compaction Requirements 

Wearing Course  
As required by with local/state 
regulations 

As specified by the supplier and 
complying with local/state regulations  

Basecourse  
Quality crushed rock or 
natural gravel  

Material complying with local/state 
regulations and a CBR > 80%, PI 
< 6%  

Min 98% Modified (AS1289 5.2.1) or Min 
102% standard (AS1289 5.1.1)  

Sub-base  
Sub-base quality crushed 
rock or gravel  

Material complying with local/state 
regulations and a CBR > 30%, PI 
< 12%  

Min 95% Modified (AS1289 5.2.1) or 
100% Standard (AS1289 5.1.1)  

Subgrade or subgrade 
replacement 

CBR Min 3.5%  
Min 100% Standard (AS1289 5.1.1) 
within -3 % to 0% of STD OMC  

CBR – California Bearing Ratio 
PI – Plasticity Index 
 
Subgrade Preparation 
The following procedure is recommended for preparation of road subgrades: 

 Excavate to design subgrade level; 

 Remove any additional topsoil, unsuitable fill or deleterious materials and test roll 
the surface in order to assess moisture conditions and detect soft or unsuitable 
zones; 

 Where unsuitable soil (soft/wet) is encountered, it should be over-excavated as 
directed by a geotechnical engineer and replaced by select granular fill material in 
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layers not exceeding 200 mm loose thickness and compact to a minimum dry 
density ratio of 100% Standard; 

 Compact the subgrade to a minimum dry density ratio of 100% Standard (AS 
1289.5.1.1). 

 Formation of the pavement in accordance with the above recommendations and 
specifications. 

Geotechnical inspections and testing should be undertaken during construction in 
accordance with AS 3798-2007. 

7  NOTES RELATING TO GEOTECHNICAL REPORTS 

7.1  Introduction 

These notes have been provided to outline the methodology and limitations inherent in 
geotechnical reporting.  The issues discussed are not relevant to all reports and further 
advice should be sought if there are any queries regarding any advice or report. 

7.2  Geotechnical Reports 

Geotechnical reports are prepared by qualified personnel on the information supplied or 
obtained and are based on current engineering standards of interpretation and analysis. 

Information may be gained from limited subsurface testing, surface observations, previous 
work, and is supplemented by knowledge of the local geology and experience of the range 
of properties that may exhibited by the materials present.  For this reason geotechnical 
reports should be regarded as interpretative rather than factual documents, limited to 
some extent by the scope of information on which they rely. 

Where the report has been prepared for a specific purpose (e.g. design of a three storey 
building), the information and interpretation may not be appropriate if the design is 
changed (e.g. a twenty storey building). In such cases, the report and the sufficiency of 
the existing work should be reviewed by SMEC in the light of the new proposal. 

Every care is taken with the report content, however, it is not always possible to anticipate 
or assume responsibility for the following conditions: 

 Unexpected variations in ground conditions.  The potential for this depends on the 
amount of investigative work undertaken 

 Changes in policy or interpretation by statutory authorities 

 The actions of contractors responding to commercial pressures 

If these occur, SMEC would be pleased to resolve the matter through further investigation, 
analysis or advice. 

7.3  Unforeseen Conditions 

Should conditions encountered on site differ markedly from those anticipated from the 
information contained in the report, SMEC should be notified immediately.  Early 
identification of site anomalies generally results in any problems being more readily 
resolved and allows re-interpretation and assessment of the implications for future work. 
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7.4  Subsurface Information 

Logs of a borehole, recovered core, test pit, excavated face, or cone penetration test are 
an engineering and / or geological interpretation of the subsurface conditions.  The 
reliability of the logged information depends on the drilling / testing method, 
sampling/observation spacing’s and the ground conditions. It is not always possible or 
economic to obtain continuous high quality data.  It should also be recognised that the 
volume of material observed or tested is only a fraction of the total subsurface profile. 

Interpretation of subsurface information and application to design and construction must 
take into consideration the spacing of the test locations, the frequency of observations and 
testing, and the possibility that geological boundaries may vary between observation 
points. 

Groundwater observations and measurements outside of specially designed and 
constructed piezometers should be treated with care for the following reasons: 

 In low permeability soils groundwater may not seep into an excavation or bore in 
the short time it is left open 

 A localised perched water table may not represent the true watertable 

 Groundwater levels vary according to rainfall events or season 

 Some drilling and testing procedures mask or prevent groundwater inflow 

The installation of piezometers and long term monitoring of groundwater levels may be 
required to adequately identify groundwater conditions. 

7.5  Supply of Geotechnical Information for Tendering Purposes 

It is recommended tenderers are provided with as much geological and geotechnical 
information that is available, and that where there are uncertainties regarding the ground 
conditions, prospective tenderers should be provided with comments discussing the range 
of likely conditions in addition to the investigation data. 

The current investigation is limited to the location of twelve hand drilled boreholes and 
DCP’s.  The boreholes provided comparable ground profiles, with similar geotechnical 
characteristics.   

Groundwater observations were only made during the drilling process, and as such do not 
represent the conditions at equilibrium.  Without the installation of groundwater monitoring 
wells a definitive groundwater level cannot be ascertained and the observations provided 
are intended as a guide only.   
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9  SITE PLAN 
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APPENDIX A – BOREHOLE LOGS  
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APPENDIX B – TEST PIT LOGS 
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