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1 Introduction 
At the request of Ulladulla Precinct (the client), Terra Insight Pty Ltd (Terra) has carried out a Preliminary 
Desktop Geotechnical assessment No. 131 St Vincent Street, Ulladulla, (hereafter referred to as the Site, shown on 
Figure 1). The assessment involved a desk top study of existing information available for the site and nearby sites.  

It is understood that the client proposes to develop the Site into a mixed-use precinct, with medium-high density 
residential, affordable housing and commercial use (including a childcare centre). It is proposed to create a new 
laneway on the Site to improve traffic movements. Whilst not specified in the Planning Proposal, Terra understands 
that the existing warehouse will be demolished as part of this development and basement excavations will be required 
for sub-terranean carparking. The relevant planning proposal is included in Appendix B.  It is noted that the site is 
mostly sealed with concrete pavements and in private ownership and consequently investigation of the site was not 
permitted.  

The objectives of the assessment were to : 

• Identify the subsurface conditions likely to be encountered on the site including a summary of the
geotechnical properties of the ground relevant to the project;

• Identify the geotechnical risk that need to be managed including potential risks to the project and
identification of potential mitigation options.

• Provide engineering advice to allow preliminary design of the proposed development including Interpretation
of the implications of the ground conditions and the suitability of ground conditions to support the proposed
development and assessment of groundwater depths and any impacts to groundwater as a result of
excavation works for basement levels.

2 Desktop Study Findings 

Site description 

A summary of key Site details is provided in Table 2-1.  

Table 2-1: Summary of Site identification, ownership and use information 

Road Address No. 131 St Vincent Street, Ulladulla 

Title Identifiers Lot 1 Section 26 DP 759018 

Site Description The Site has an approximate area of 1.1ha, and is located approximately 1km to the south west 
of the Ulladulla Harbour. It contains a bulky goods warehouse with a large, sealed carpark. 

Existing infrastructure on the Site includes a retail warehouse, with a timber and trade centre. 
There is also a nursery and landscaping department. Most of the Site’s surface is capped by 
concrete as part of the carpark. This carpark is filled, with a retaining wall constructed on the 
south western corner. 

District Name Ulladulla NSW, 2539 

Current Zoning E4 General Industrial 

Proposed Site 
Use 

Mixed use precinct with medium-high density residential, commercial premises, childcare and 
affordable housing. The Planning Proposal (PP) intends to increase the allowable building height 
from 11m to 30m, and to introduce a floor space ratio of 3.5:1.  

Proposed Zoning MU1 Mixed Use 

Surrounding 
Land Use 

North R3 Medium Density Residential 

South E4 General Industrial 

East E3 Productivity Support 
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West E4 General Industrial 

Council Shoalhaven City Council 

General Geology 

Online Geological Mapping accessed using Minview (refer Figure 1) indicates the Site is underlain by an alluvial gravel, 
sand and clay deposits unit, which is comprised of unconsolidated to poorly consolidated alluvial gravel, sand and clay 
deposits which are closely associated with basalts of similar age near Ulladulla.  

Surface Topography 

The developed portion of the Site is near level, comprising of the main warehouse on the west, a sealed carpark on 
the east, and a garden centre in the north western corner. Significant amounts of fill have been applied to level the 
Site. However, the natural slopes are visible on the eastern boundary and show that the Site may have originally 
possessed a slight to moderate slope down to the south. The developed portion of the Site is at approximately 43m 
AHD, whereas the footpath on the eastern boundary slopes from 45m AHD off the north eastern corner to 40m at the 
south eastern corner.  

Acid Sulfate Soil Mapping 

The NSW Planning Portal Spatial Viewer shows that the Site is classed as Class 5 ASS, meaning the Site is located within 
500m of Classes 1-4 soils, however these higher-class ASS were not shown on the mapping.  

ASS soils typically occur in low-lying coastal areas, typically at elevations below 5m AHD, in rare cases it can be 
observed up to 12m AHD. Given the mapping and the Site’s elevation, further assessment for ASS is not deemed 
necessary. 

Historical Aerial Imagery 

Aerial imagery from 1959 to 2022 was sourced and has been summarised in Figure 2. In addition to aerial imagery, 
Google StreetView imagery was used to cover gaps in the timeline of the aerial imagery. Image 1 is from 2008 and 
shows the Site during the construction of the Bunnings Warehouse. Filling of the Site is clearly visible. 

Image 1: Google StreetView Imagery dated January 2008, view looking west from St Vincent Street 
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Table 2.2 presents a summary of observations made from reviewing the collection of aerial imagery, including off-Site 
observations of the surrounding area.  

Table 2-2: Observations during review of Historical Aerial Imagery 

Time 
Period 

On Site Off Site 

Prior to 
1960 

The Site appears undeveloped and vegetated. 

Sites to the east and north east appear to be cleared. The site 
directly west is in similar condition to the Site; undeveloped 
and vegetated.  
St Vincent Street is not yet visible to the east of the Site, 
however the Princes Highway is visible further to the east.  

1960 - 
2000 

The first building appears on the Site in 1967, in 
the north western corner, observably a small 
shed. In 1972, there appears to be numerous 
buildings on the Site, a larger shed on the eastern 
portion and some smaller infrastructure on the 
western side.  
In 1991, there appears to have been some filling 
on the southern portion of the Site, the soils are 
distinctly paler than those on the northern part 
which suggests they may have been imported. 
There is also some vegetative growth on the Site. 
Due to the low quality of the aerial imagery, it is 
difficult to determine whether the larger shed had 
been demolished by this time.  

The Ulladulla Sewage Treatment plant is visible to the south 
west of the Site in 1979 imagery. The part of St Vincent Road 
directly east of the Site does not appear paved in this imagery. 
Several lots across St Vincent Street to the east have been 
developed, these appear to be commercial sites.  

2000 - 
Present 

In 2004 imagery, the Site appears abandoned. 
There is significant vegetative growth surrounding 
the former building footprints.  
Subsequent imagery from 2009 shows the 
completion of the Bunnings Warehouse, whose 
development covers the majority of the Site’s 
surface.  

A roundabout at the intersection of Deering and St Vincent 
Street appeared in 2004.  
2009 imagery shows the development of the Dunn Lewis 
Centre, directly south of the Site.  
A roundabout at the intersection of Parson and St Vincent 
Street appeared in 2018.  

Review of council records 

A request for information pertaining the use of the Site was sent to Shoalhaven Council. Terra also conducted a search 
of Shoalhaven City Council development applications online. A summary of findings from council records is presented 
in Table 2.3.  

Table 2-3: Summary of council records 

Application 
Number 

Description Notes 

ST67/0192 Septic tank permit, owned by Lambert ME Demolished 

BA67/0080 
& 
BA67/0081 

Fibro dwelling and fibro factory respectively, owned by Toland SG 
Both demolished 

BA69/0354 Weatherboard garage, owned by Lambert ME Approved 

BA71/0677 Factory additions, owned by Lambert ME Approved 

BA72/0037 Timber moulding factory, owned by Toland SG Approved 

1995/0082H Local Government Act Formal Order – Land in Unhealthy Condition - 

2003/0043H 
Local Government Act Formal Order – Land not kept in a safe and healthy 
condition 

- 

DA06/2580 
Construction of new single story warehouse and showroom for sale of bulk 
goods retail (Bunnings) with carparking and advertising sign.  

 Approved 22/1/2007 
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Application 
Number 

Description Notes 

DR08/1113 Sewer connection for new Bunnings Warehouse, approved Completed 2/2/2008 

DS08/1153 
Construct timber pigeon hole rack within the timber yard. Amendment to 
signage details.  

Approved 21/4/2008 

DS08/1286 
Use of a fire fighting tank in the south western corner. Elimination of fire exit 
door.  

Approved 18/12/2008 

DA09/1729 

Installation of water tanks to collect water for irrigation of nursery and water 
for flushing toilets and deletion of two car spaces.  
An objection was received from a nearby resident due to the tank being 
unsightly.  

Approved 21/7/2009 

Multiple 
Applications 
(TFS16-
2023) 

Numerous applications for temporary food stalls, all of which were approved 

Likely for the operation of 
Bunnings community BBQ 
stalls 

Review of Existing Reports for the site 

Several existing reports for the Site were as follows. 

H. Troon Pty Ltd – Construction Stage Erosion Sediment Control Plan (September 2007)

This report describes the erosion control measures recommended during the construction of the Bunnings 
Warehouse. It mentions that the Site is undergoing cut and fill earthworks to achieve the required Site levels, and that 
a significant amount of fill material will need to be imported onto the Site from off-site sources. They note that they 
plan to use all excavated material won from the Site as fill material.   

It was estimated the Site was 2.5m above basalt bedrock prior to filling. The amount of filling required was 600mm, to 
bring the Site to 3.5m above basalt. It is also noted that 250mm of fine rock was applied to the carpark area. Both the 
pad site and the carpark were compacted using drum rollers.  

Coffey Geotechnics – Stage 2 Environmental Site Assessment (February 2007) 

This report was subsequent to a Preliminary Environmental Site Assessment conducted in 2006 by Coffey Geotechnics, 
which identified three Areas of Environmental Concern (AEC) and identified fibrous asbestos within fill material and 
topsoils on the Site.  We note that the report provided to Terra has been redacted and does not show quantitative 
laboratory data.  

A Stage 2 report was commissioned to better assess the contamination on the Site, particularly the extent of asbestos 
contamination. As part of this report, twenty-two (22) test pits were excavated. The results of this report showed that 
the Site is impacted with asbestos, and three remedial options were provided: 

• Excavation and offsite disposal

• Capping and encapsulation

• Restrict any development and administer the Site.

Terra understands that option 2 was undertaken. A review of this documents therefore indicates the potential for an 
encapsulated area containing asbestos affected material buried on the site.  

It is likely that VENM clean material won from the Site was exported off-Site and the void then filled with the 
contaminated material.  The exact location of this encapsulated contaminated fill should be marked on the site 
management plan.  This was not provided by Council when a request was made for all Site-related data.  Some 
historical data is located in off-site storage and Terra has requested from council the cost of retrieving this data for 
further review. 

Coffey notes that there was a former kiln on the Site, which may have used a diesel or kerosene heater. The method 
of storage for this fuel could not be identified, however the testing did not indicate consistently elevated levels of TPH, 
and as such, it was deemed unlikely that any previous USTs on the Site has leaked, causing soil or groundwater 
contamination.  
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A summary of testing results is as follows: 

• Slightly elevated zinc and TPH (fraction C10-C36) levels were encountered. These were associated with
weathering of the historical Site buildings and the Site usage, respectively.

• Buried waste was encountered and comprised of sandstone cobbles, tin sheeting, glass, steel cabling, timber
fragments and ceramic roof tiles.

• Fill as deep as 0.55-1.1m was encountered, this deeper fill contained scrap metal, a tree stump and wood
fragments/dust.

• A thin layer of sandy clay, charcoal and plant matter was encountered between 0.5-1.05m in one of the test
pits

Generally, the waste material encountered appeared to be inert. Asbestos in soil samples was detected in multiple 
locations, with the deepest observation at 0.3m. Potentially asbestos-containing material was also observed at several 
locations. It was determined that the presence of asbestos was likely due to poor demolition practices of former Site 
owners, however there may have also been some illegal dumping.  

No other obvious contamination (other than the presence of asbestos) was recorded. It was noted that should other 
contamination be identified, this may be managed during the construction stage of the Site development.  

H Troon Pty Ltd – Letter to Council (June 2008) 

This letter explains that the earthwork on the Site were balanced (equal volumes of cut to fill) with the fill being used 
and compacted behind retaining walls and under ramps. The letter includes a Hilf Density report, which logs the soils 
encountered at 300mm depth as Gravelly CLAY: low plasticity, orange-brown.  The report does not include VENM 
certificates for any imported fill. 

Review of existing reports for nearby sites 

Terra has undertaken investigations for sites in Ulladualla. The nearest relevant site is 116-118 St Vincent Street. The 
findings are summarised in the following sections. 

116-118 St Vincent Street, Ulladulla 

The investigation comprised of nine (9) boreholes across the property. The holes were named BH01 to BH09. They 
were implemented using an excavator with an auger. A summary of the materials encountered is provided in the 
following tables.  The site was grouped into two areas based on the similarity of subsurface conditions encountered 
on the property as follows: 

• Area 1: the area at the western and southern side of the property, including boreholes BH01 to BH05;

• Area 2: the area on the eastern and northern part of the existing building, including boreholes BH06 to BH09;

The subsurface investigation found the site is underlain by fill underlain by tertiary aged residual soils and then 
weathered sandstone materials.  Observations of the site also indicate that some sandstone rock was outcropping in 
some places. We note that the materials underlying 116 – 118 St Vincent Street are tertiary aged, poorly consolidated 
and generally exhibit soil like properties.  Terra’s visual assessment of the soils is that they are sandy cohesive soils 
with at least 35% fines. The sandstone rock is weak, of extremely low strength and highly weathered, slightly laterised 
in places and has soil like properties but exhibits some rock structure. 

Tables 2.4 to 2.5 summarise the subsurface conditions encountered for Area 1 and Area 2 respectively.  
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Table 2-4: Summary of Subsurface Conditions 1 – 116-118 St Vincent Street 

Subsurface conditions 

(Soil name, plasticity or particle 

characteristics, colour, secondary 

components and minor components) 

Structure and 

other comments 

Depth encountered in test pit/exposure (m) 

BH01 BH02 BH03 BH04 BH05 

Silty SAND: fine to medium sand, black 
orang brown, with fine to medium gravels, 
with foreign materials 

Fill 

0.0-0.3 0.0-0.1 0.0-0.1 NA NA 

Gravelly Sandy CLAY: low plasticity fines, 
brown, fine to coarse sand, fine to 
medium angular gravels 

NA NA NA 0.0-0.3 NA 

Clayey SAND: fine to coarse sand, light 
brown orange, low plasticity with inert 
foreign materials 

0.3-0.7 0.1-0.5 0.1-0.3 NA NA 

Sandy CLAY: low to medium plasticity, 
orange-brown, fine to medium sand with 
fine angular gravels 

NA NA NA 0.3-0.5 0.0-0.9 

Sandy CLAY: medium plasticity, orange, 
fine to medium sand 

Residual 

0.7-1.3 0.5-1.3 0.3-1.5 0.5-1.3 NA 

Silty CLAY: low to medium plasticity, 
orange grey with fines 

1.3-1.5* 1.3-1.5* NA NA 

Sandy CLAY: medium plasticity, pale 
cream orange, fine to coarse sand 

Residual/ Extremely 
Weathered 

Material 
1.3-1.5* 0.9-1.5* 

Notes * - End of hole at target depth; r - Early refusal on rock, vr – virtual refusal,  NE – not encountered 

Table 2-5:Summary of Subsurface Conditions 2 – 116-118 St Vincent Street 

Subsurface conditions 
(Soil name, plasticity or particle 

characteristics, colour, secondary 
components and minor components) 

Structure and 
other 

comments 

Depth encountered in test pit/exposure (m) 

BH06 BH07 BH08 BH09 
Silty SAND: fine to coarse sand, black 
orange brown with foreign material 

Fill 

0.0-0.2 0.0-0.2 NA NA 

Gravelly SAND: fine to coarse sand, brown, 
fine to medium angular gravels, with foreign 
materials 

NA NA 0.0-0.3 NA 

SAND: fine to coarse sand, light brown, with 
inert foreign materials 

NA NA NA 0.0-0.3 

Sandy CLAY/ Clayey SAND: medium 
plasticity, light brown, fine to medium sand 

0.2-0.6 0.2-0.5 0.3-0.7 NA 

Sandy CLAY: medium to high plasticity, 
orange, fine to coarse sand, trace fine 
gravel 

Residual 0.6-1.6 0.5-1.3 0.7-1.5* 0.3-1.3 

Sandy Gravelly CLAY: low to medium 
plasticity, pale orange, fine to coarse sand, 
fine angular gravels 

Residual/ 
Extremely 

Weathered 
Material 

1.6-3.0* 1.3-1.5* NA 

Silty CLAY: low to medium plasticity, pale 
orange 

1.3-3.0* 

Notes * - End of hole at target depth; r - Early refusal on rock, vr – virtual refusal, , NE – not encountered 

As no groundwater was encountered, no groundwater sampling was able to be undertaken.  Two groundwater wells 
were installed on the site with the base of the well founded at 3m depth in weathered material.  These wells were 
installed to allow future groundwater sampling and monitoring as part of the preliminary assessment. Consequently, 
no water samples to allow groundwater assessment for contaminant were able to be obtained.   
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Ulladulla High School 2006 and 2009 Investigations 

Two Geotechnical investigation reports for Ulladulla High School were available on the NSW government website 
‘DiGs’. The High School is located to then north of the site and is situated at similar elevations within the same 
geological unit. The Geotechnical investigations numerous boreholes and included soil laboratory testing. 

The subsurface conditions are summarised in Table 2-6 and slow seepages were typically observed along the interface 
of the residual soils and weathered rock.  

Table 2-6: Summary of Subsurface conditions – Ulladulla High School Investigations 

Subsurface conditions 
(Soil name, plasticity or particle characteristics, 

colour, secondary components and minor 
components) 

Structure and other 
comments 

Stiffness/ 
Density 

Thickness and 
Depths of layers 

Silty SAND, Silty CLAY, Silty Sandy CLAY Fill Soils - 0.65-1.8 thickness 

Clayey SILT, Silty Sandy CLAY: dark grey to yellow 
brown 

Topsoils - 0.4-0.6 (thickness) 

Silty CLAY, Clayey SILT, Sandy Silty CLAY: low to 
high, predominantly medium plasticity and high 
plasticity silts, light grey, red brown, purple, yellow 
brown 

Residual Soils grading 
into weathered 

materials 

Stiff to Very Stiff 
with depth 

Below topsoils and 
fill 

SILTSTONE to Silty SANDSTONE – extremely 
weathered, behaves like hard silt/clay, light grey 

Extremely Weathered 
Materials 

Very Stiff to Hard 
1.3-4.5 

(6.6m max depth) 

Laboratory testing of the residual soils indicated the following range for Atterberg Limits, Linear Shrinkages and Shrink 
Swell Indices: 

 Liquid Limit 35-58 % 
 Plastic Limit 20 % 
 Plasticity Index 19-38 % 
 Linear Shrinkage 8.0-15.5 % 
 Shrink Swell 0.8-1.7 % 

Soil Aggressivity testing was also undertaken and indicated the following ranges: 

 pH 4.9-7.0 pH typically around 5.0 pH 
 Chloride <10-190 ppm 
 Sulfates  <10-390 ppm 
 EC 0.04-0.05 mS/cm 

Ulladulla Man Shed located at Camden St 

The field Investigation involved: 

• Excavation of six test pits at the site using a mini-excavator.  Two previous boreholes undertaken within the MUMS
site by GHD. The test pits were named TP01 to TP06.

• Refusal was encountered in four of the 6 test pits undertaken on the site. Refusal occurred in weathered
sandstone rock.

The subsurface conditions underlying the site were found to comprise the following: 

• Topsoil/Fill; typically, silty sand to sandy silt and sandy gravel (road base); underlain by

• Residual soil comprising silty clay to sandy clay, orange brown with some grey mottling, fine to coarse sand;
underlain by

• Weathered materials: siltstone, grey with orange mottling, extremely to highly weathered, extremely low to very
low strength.

Groundwater seepage was not observed in any test pit.  Soils were typically found in a dry to moist condition. 

Table 2.7 provides a summary of the subsurface conditions encountered in the test locations.  
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Table 2-7: Summary of subsurface conditions – Camden Street 

Test pit 
Number 

Depth range over which material was encountered within the Boreholes (m) BGSL 

Material Description 

Topsoil/Fill Residual soil Weathered material 

TP01 0.0-0.5 0.5-0.7 0.7-1.2R 

TP02 0.0.-0.3 0.3-0.8 0.8-1.0 R 

TP03 0.0-0.5 0.5-0.7 0.7-0.9 R 

TP04 0.0.-0.3* NE NE 

TP05 0.0.-0.3 0.3-0.5 0.5-0.7 R 

TP06 0.0-0.3* NE NE 

Note – * -  End of test pit at target depth. NE – not encountered, R – early refusal
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3 Preliminary Geotechnical Assessment Recommendations 

Geotechnical site model 

The site likely to be underlain fill and then residual soil which grades into weathered rock at variable depths across the 
site.  We expect the depth of fill to be about 0.6m to 3.0m depth. Prior to filling, it was estimated the Site was 2.5m 
above basalt bedrock prior to filling.  

The amount of filling required was 600mm, to bring the Site to 3.5m above basalt. It is also noted that 250mm of fine 
rock was applied to the carpark area. Both the pad site and the carpark were compacted using drum rollers.  

Depth to weathered rock is therefore expected to be between 3 and 6m. An area of encapsulated asbestos affected 
material is likely to be present on the site.  

The composition of the natural soils below the topsoil and fill is likely to comprise of: 

• Residual Soil: comprising of Silty CLAY, Sandy Silty CLAY and Clayey SILT, medium plasticity, light grey,
red/purple and yellow brown, typically stiff to very stiff, very acidic to neutral pH values, low sulphates and
low chloride.

• Extremely Weathered Material: comprised of siltstones or sandstones potentially basalts, extremely
weathered with soil like properties to significant depths, behaves as a hard clay/silt.

Perched groundwater may be encountered at the interface of the fill and residual soil and residual soil and weathered 
rock.  Generally, investigations in the area did not encounter a permanent groundwater table within 3m depth. Minor 
seepages only were observed.  

Preliminary design parameters for the materials encountered on the site are provided in the following table. 

Table 3-1: Soil Parameters for preliminary design purposes 

Material 

Bulk 
Unit 

Weight 
(kN/m3) 

Undrained 
Shear 

strength 
(kPa) 

Long Term 
Elastic 

Modulus Eu 
(MPa) 

Short Term 
Elastic 

Modulus Eu 
(MPa) 

Drained Parameters 

Cohesion 

c’ (kPa) 

Friction 
Angle 

Φ’ (degrees) 

Poisson’s 
Ratio 

Granular Fills 18 N/A 2-5 5-8 0 25 0.4 

Unit 1 Clayey 
Residual soils and 
fills stiff to 3m to 

6m depth 

18 50-150 8-12 10-20 1-3 22 0.4 

Unit 2 Weathered 
materials >3m to 

6m depth 

20 150-250 20-30 15-25 3-5 24 0.3 

Project Opportunities and Risk management 

The site is well suited to the proposed development from a geotechnical perspective.  The following table outlines the 

potential geotechnical risks (positive and negative) identified for the project and makes recommendations for their 

management. 
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Table 3-2: Risk assessment and mitigation 

Number Risk Mitigation/Management 

1 Excavated material: The site has been 
substantially filled and there is an 
encapsulated area of asbestos affected 
material. 

Spoil is likely to be classified as GSW (potentially recyclable) 
and will not be able to be spoiled as VENM.  Some material 
may need to be disposed of as asbestos affected material to 
landfill or encapsulated deeper on the site. 

2 Excavations for basements : Excavations 
for basements will mostly be in fill and are 
unlikely to encounter large volumes of 
groundwater. The excavations will need 
temporary support where located near 
existing structures near the site 

Shoring walls or contiguous piled walls may be required to 
support excavations. 
Seepages should be manageable with sumps and pumps. 

3 Foundation conditions: post excavation, 
the footings are likely to encounter 
residual soil and then weathered 
materials with latite at depths between 3 
and 6m across the site 

Suitable foundation conditions for the building exist at 
relatively shallow depth below the site post excavation (eg 
within 1 to 3m).  The building basement slab may be partly 
founded on rock and partly supported by piers to rock.  
Deeper excavations (below 2-4m depth below single 
basement slab) may encounter hard rock requiring sawing.  

Footings 

3.3.1 Site classification to AS2870 

It is noted that AS2870 provides guidance on reactive soil movements for two storey or smaller residential 
structures for the purposes of footing design.  However, the guidance within this standard is often referred to 
when understanding reactive soil movements and their impact on footings. 

A site classification of P is deemed applicable for the site based on the following: 

• The presence of deep filling on the site and an encapsulated area; and

• The presence of an existing structure, which when removed, will result in changes to the moisture regime in the
soils underlying the site.

The footings will need to be designed by a competent structural engineer to suit the site conditions.  Based on 
the preliminary information available within this report, it is expected that reactive movements will be in the 
order of 20 to 40mm. Where excavated for basements, these movements are likely to reduce to below 20mm. 

Designs and design methods presented in AS 2870-2011 are based on the performance requirement that 
significant damage can be avoided provided that site conditions are properly maintained. The above site 
classification assumes that the performance requirements as set out in Appendix B of AS 2870 are acceptable 
and that site foundation maintenance is undertaken, by both the builder at the time of the construction and 
the owner throughout the life of the proposed development, to avoid extremes of wetting and drying.  

Details on appropriate site and foundation maintenance practices are presented in Appendix B of AS 2870-
2011 and in CSIRO Information Sheet BTF 18, Foundation Maintenance and Footing Performance: A 
Homeowner’s Guide (refer Appendix C). The following is recommended based on these guidelines: 

• The planting of fast growing trees or trees with aggressive root systems close to the proposed building
should be avoided.

• Irrigation of landscaped areas should be carefully managed to provide relatively uniform soil moisture
content in landscaped areas around the building.

• Surface water should be drained from the site to minimise ponding around the building walls and floor
areas. Surface drains should be maintained free of blockages.

• Appropriate drainage is provided around buildings to prevent scouring.  The ground around the building
platform should slope away at 1 in 20 for 2m with surface waters collected via surface drains and
disposed of safely away from slopes and retaining structures.
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• Roof run-off should be collected and piped to the storage tanks or discharged a safe distance away from
building foundations.

3.3.2 Footing Design parameters 

All footings for the same structure should be founded on strata of similar stiffness and reactivity to minimise 
the risk of differential movements, with articulation provided where appropriate. Footings are expected to 
comprise either: 

• A ground slab with perimeter edge beams and internal beams; or

• A stiffened raft / raft supported by edge beams and piers.

Slabs /rafts founded on natural stiff residual soils or weathered materials underlying the site may be 
proportioned on an allowable bearing pressure of 100kPa and 250kPa respectively.  High level footings located 
on controlled fill can be designed based on an allowable bearing of 100kPa. 

If foundations for proposed structures are located within the zone of influence of any service trenching, the 
structure should be supported by pier footings. The depth of the pier footing should be extended below the 
zone of influence ignoring shaft adhesion. A structural engineer should be consulted for detailing.  

If bored piers (deep footings) are adopted they can be founded into the rock which underlies the site.  Piers 
designed to bear on the proximal end of rock at depths between 3 to 6m can be designed based on a nominal 
ultimate end bearing pressure of 1.8MPa and ultimate shaft adhesion of 50kPa.  A geotechnical strength 
reduction factor of 0.45 shall be applied to the ultimate end bearing for the bored pier.   

Skin friction must not be relied on within the fill and alluvial soils or within the zone of seasonal moisture 
content variation (e.g. the top 1.0 m depth from the surface).  We note that the ultimate end bearing provided 
is dependent on a clean base of bored hole.  Inspection of high level or pier footings excavations should be 
undertaken to confirm the founding conditions and the base should be cleared of fall-in prior to the formation 
of the footing.  

Foundation design shall be checked for uplift restraint. Where this cannot be provided by dead weight effects, 
consideration may be given to the use of hold-down passive anchors grouted into the rock to augment uplift 
restraint.   

Table 3.3 on the following page provides relevant design parameters for footings for the site.  

3.3.3 Durability 

Many factors can affect the corrosion potential of soil including soil moisture content, resistivity, permeability 
and pH, as well as chloride and sulfate concentration.  

Chloride and sulfate ion concentrations and pH appear to play secondary roles in affecting corrosion potential. 
High chloride levels tend to reduce soil resistivity and break down otherwise protective surface deposits, 
which can result in corrosion of buried metallic improvements or reinforced concrete structures. Sulfate ions 
in the soil can lower the soil resistivity and can be highly aggressive to Portland Cement Concrete (PCC) by 
combining chemically with certain constituents of the concrete, principally tricalcium aluminate. This reaction 
is accompanied by expansion and eventual disruption of the concrete matrix. Soils containing high sulfate 
content could also cause corrosion of the reinforcing steel in concrete.  The level of sulfates detected in 
samples from nearby the site are negligible.  The pH of the soils is within the highly acidic to moderately acidic 
range. 

Table 6.4.2(C) of the Australian Standard AS2159-2009 Piling – Design and installation defines the exposure 
conditions for the design of concrete piles based on the level of sulfates and pH of the soil.  This indicates 
based on the laboratory results and the low permeability nature of soils on site an exposure classification of 
mild.   

Table 6.5.2(C) of the Australian Standard AS2159-2009 Piling – Design and installation defines the exposure 
conditions for the design of steel piles based on the level of chlorides, pH, and resistivity.  This indicates based 
on the laboratory results, an exposure classification of non-aggressive 
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Table 3-3: Preliminary Foundation Design Parameters 

Material Undrained Shear 
Strength (kPa) 

Allowable Beraring 
Capacity (kPa) 

Youngs Modulus 
(MPa) 

Bulk Unit Weight 
(kN/m3) 

Geotechnical 
strength reduction 

factor 

Ultimate End 
bearing 
 (MPa) 

Ultimate Shaft 
Adhesion 

 (kPA) 

Topsoil/ uncontrolled 
fill 

25 NA 4 8 0.45 Ignore Ignore 

Controlled fill 50 100 8 16 0.45 Ignore Ignore 

Residual Soil - Firm to 
stiff Clay below 1 to 

3m depth 
50-100 150 12 16 0.45 0.9 40 

XW Rock 
(Siltstone/sandstone) 
below 3 to 6m depth 

- 250 30 20 0.45 1.8 50 

Notes: NE – not encountered
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Retaining Walls 

It is understood a basement beneath the building is proposed.  This will require excavations and retaining walls.  The 
excavations may need temporary support if located near existing structures on the site or adjacent sites. Further 
advice is provided in Section 3.4.  

Structural design of retaining structures must be sufficient to limit lateral ground movement in the soil at this site. A 
triangular pressure distribution could be adopted for the design of permanent retaining walls, which cantilever in the 
lateral direction by a single point restraint.  The earth pressures on the active side of the wall may be calculated for a 
particular depth using the following equation: 

Pa = K ( Ps  +  b.H )

where:   Pa  =  Lateral earth pressure on the active side of the wall (kPa) 

b  =  Bulk unit weight (kN/m3)

K  =  Earth pressure coefficient which depends upon material type; whether movement needs to be 
limited; whether temporary or permanent. 
Ps  =  Design surcharge pressure (kPa) 
H  =  Height/depth below top of excavation (m) 

The assumed lateral pressure distributions may need to be modified to account for material layering, surcharge loads, 
any concentrated pad or strip footing loadings, or hydrostatic pressure due to build-up of water behind the wall.  These 
parameters in table 3.4 are based on the estimated soil parameters for materials as provided in Table 3.1.  The 
following table provides design values for a retaining wall with sloping ground behind. 

Table 3-4: Earth Pressure co-efficient 

Material Lateral Earth Pressure 

Coefficient, K 

Passive Pressure 

Coefficient, Kp 

Bulk Unit Weight, 

b (kN/m3) 

Unit 2 0.60 2.3 18 

Unit 3 0.50 3.0 20 

Unit 1 and Granular fill 0.30 NA 20 

These parameters assume that the soil remains in the state observed during fieldwork at the site and that drainage 
conditions behind the retaining walls are satisfactory. Allowances for blockage of drainage systems during the design 
life may be required in the final design.  We recommended that footings of any proposed retaining walls are founded 
into weathered rock by at least 500mm. Design however needs to recognise the eccentricity of retaining wall footing 
loads. 

Retaining walls will rely on subsurface drains, complemented with surface water drainage measures.  Even with 
subsoil drains installed, allowance should be made in the design for the likelihood of subsoil drain failure. For this 
purpose, a hydrostatic pressure build-up equivalent to a third of the wall height is recommended.  If the wall is 
constructed as part of basement (eg a tanked wall), the design will need to consider full height hydrostatic pressure 
building up behind the wall. Drainage detailing of the wall should aim to separate surface and subsoil water.  To 
achieve this, it is usual practice to cap the subsoil drainage system with impervious materials.  As with all subsoil 
drains, the principal requirements for effectiveness are: 

• Positive outlets for the collector pipes at no more than 20 metres apart.

• The use of durable, clean drainage aggregate.  Durability must meet the requirements of AS 2758.1, Clause
9.3.2 for exposure classification A1.

• Filter protection to drainage pipes and aggregate.

Flush out points must be provided on subsoil lines.  Basement walls must be effectively tanked. 
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Earthworks 

3.5.1 Site preparation 

Ground preparation should allow for the stripping of topsoil and uncontrolled fill (if encountered) from 
structural footprints.  Stripped soil would not be suitable for structural fill and must be processed to exclude 
cobbles and foreign material (where present) and then used for landscape applications if determined to be 
suitable for this purpose.  Surplus excavated materials may need to be exported or disposed of off the site.   

3.5.2 Fill 

Fill materials to be placed on the site are likely to comprise pavement materials, general fill to elevate the site 
or structural fill below building footings.  Structural and general fill should be compacted in layers not 
exceeding 200mm thick compacted thickness. Fill and pavement materials should be placed and compacted to 
the required density ratios as outlined in Table 3.5. 

Table 3-5: Fill placement density requirements 

Description Density Ratio Requirements 

Pavement – Base Minimum 98% Modified 

Pavement - Sub-base Minimum 95% Modified 

Subgrade (top 300mm) Minimum 100% Standard 

Structural Fill zone (within 200mm of footings) Minimum 100% Standard 

General Fill Zone (deeper than 300mm below top of subgrade) Minimum 98% Standard 

Testing of controlled fill should be in accordance with the following: 

• Density and compaction testing should be undertaken on all fill placed in road formations (pavement
subgrades, subbase and base layers) and building footprints.  For roadworks (other than general filling),
geotechnical supervision to Level 2 is recommended as defined in AS3798.

• Where the fill material has a grading with more than 20% coarser than 37.5mm, a method specification
for placement and assessment should apply. Where the fill has less than 20% of particles coarser than
37.5mm it can be tested for in situ density by nuclear gauge.

• Density and compaction testing of the fill should be carried out on each 200mm thick layer of the
compacted fill. Proof rolling of each layer should also be carried out using a smooth drum roller of at
least 12 tonne mass;

• Density testing of fill should be carried out at the rate of three tests per visit or one test every 2000m2,
whichever is the greater. If full time geotechnical supervision of the fill occurs, then a minimum three
tests per day should be sufficient;

3.5.3 Ease of excavation 

This ease with which materials can be excavated onsite has been assessed using the Kirsten eight-point 
classification system provided in Table 3.5. The topsoil, fill, and residual materials encountered are expected 
to meet a Kirsten Classification of Class 1 to 3 and should be readily excavated using conventional earthmoving 
equipment such as hydraulic excavators, backhoes, and dozers to depths of 3m.  Extremely weathered rock of 
extremely low strength should be readily excavated with easy to hard ripping consistent with Class 4 to 5 
materials.  Less weathered basalt potentially likely to be encountered at depths below 4 to 6m may require 
sawing to facilitate removal. 
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Table 3-6: Kirsten’s eight-point excavation classification system 

Class Material Type Description of Excavatability 

1 Soil / Detritus Hand spade (Dozer D3) 

2 Hand pick and spade 

3 Power tools 

4 Rock Easy ripping (Dozer D7) 

5 Hard ripping (Dozer D8) 

6 Very hard ripping (Dozer D9) 

7 Extremely hard ripping / blasting (Dozer D10) 

8 Blasting 

3.5.4 Temporary and Permanent Slopes 

Permanent cut slope faces less than 600mm in height shall be battered at not greater than 1V:2.5H or 
retained.  Permanent cut slopes greater than 0.6m in height shall be supported by engineered retaining walls. 
Retaining walls should be designed by a competent engineer and shall be supported on strip footings with 
piers to weathered rock encountered at depths of at least 3.0m below the current surface levels at the time of 
the investigation.   

Temporary cut slope faces less than 1.0m in height shall be battered at not greater than 1V:1H.  Temporary 
cut slopes greater than 1.0m will need to consider proximity of the existing dwellings upgradient and weather 
conditions forecasted whilst the cut is to remain open.  They may require temporary support if likely to remain 
open greater than 1 to 2 weeks or rain is forecasted.  

A temporary works plan should be documented by the earthworks contractor (endorsed by Geotechnical 
Engineer) which includes inspection of the slope daily with the provision for any excavation to be supported or 
back filled if movement is observed or rain is forecasted.  Construction should be planned to avoid significant 
excavation in extended period of wet weather. An excavation of up to 3.0m depth will be required for the 
proposed basements. Ground support will be required prior to excavation. This is likely to require shoring piles 
or similar.   

4 Recommendations for further investigation 
This report provides preliminary advice based on geotechnical information obtained for the site and nearby sites.  To 

confirm the subsurface conditions, geotechnical investigation for the site should include a combination of the following: 

• Deep boreholes taken to depths of at least 8 m and cored into the rock to determine the degree of weathering
and strength of the rock for basement design purposes;

• Shallow boreholes to access the natural of the near surface soils in terms of ractivity for shallow footing design
and to obtain CBR samples for pavement design.  This will generally be around 3 m deep and can be combined
with environmental investigations to access the likely waste classification of the existing fill materials on site
and their suitability for recycling.
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 Your Report 



Your Report 

* For further information on this aspect reference should be made to "Guidelines for the Provision of Geotechnical information in 

Construction Contracts" published by the Institution of Engineers Australia, National headquarters, Canberra, 1987.

These notes have been prepared to help you understand the advice provided in Your Report and its limitations. 

Your Report is based on what you tell us 

Your Report has been developed based on the information you have provided such as the scope and size of your project.  It applies only 
to the site investigated.  If there are changes to the proposed works, then the advice provided within Your Report may need to be 
reviewed 

Your Report is written with your needs in mind 

The advice provided within Your Report is also not relevant to another purpose other than that originally specified at the time the report 
was issued.  Please seek advice from Terra Insight before you share Your Report with another third party – except for the purpose for 
which the report was written. 

Terra Insight assumes no responsibility and will not be liable to any other person or organisation for, or in relation to, any matter dealt with 
or conclusions expressed in the report, or for any loss or damage suffered by any other person or organisation arising from matters dealt 
with or conclusions expressed in Your Report.  

Your Report is based on what we observed 

The advice provided within Your Report assumes that the site conditions, revealed through selective point sampling (undertaken in 
accordance with normal practices and standards) at a particular point in time, are indicative of the actual conditions on your site.  
However, the nature of the materials underlying your site is affected by natural processes and the activity of man.  Under no 
circumstances can it be considered that these findings represent the actual state at all points. The subsurface conditions may vary 
significantly on the other parts of the site, particularly where no nearby sampling and testing work has been carried out.  

As a result conditions on your site can change with time; they can also vary spatially.  As a result, the actual conditions encountered may 
differ from those detailed within Your Report.  Although nothing can be done to change the actual site conditions which exist, steps can be 
taken to gain a better understanding of the subsurface conditions underlying your site and reduce the potential for unexpected conditions 
to be encountered  

The advice within Your Report also relies on interpretation of factual information based on judgement and opinion and has a level of 
uncertainty attached to it.  Only Terra Insight is fully familiar with the background information needed to assess whether or not the report's 
recommendations are valid and whether or not changes should be considered as the project develops.  If the details of your project have 
changed, the site conditions have changed or a significant amount of time as elapsed since our report was written, the advice provided 
within Your Report may need to be reviewed. 

Your Report has been written by a Professional 

The report has been prepared using accepted procedures and practices of the consulting profession at the time it was prepared, and the opinions, 
recommendations and conclusions set out in the report are made in accordance with generally accepted principles and practices of that profession. 

Your Report is better when it is kept together 

Your Report presents all the findings of the site assessment and should not be copied in part or altered in any way.  Keeping Your Report 
intact reduces the potential for yourself or other design professionals to misinterpret the report.  

Your Geo-Environmental Report 

If Your Report is for geotechnical purposes only, it will not relate any findings, conclusions, or recommendations about the potential for 
hazardous materials to exist at the site unless you have specifically asked us to do so. If your report is written for Geo-Environmental purposes 
the following should be noted in addition to the above: 

 Advancements in professional practice regarding contaminated land and changes in applicable statues and/or guidelines may affect the validity of this 
report. Consequently, the currency of conclusions and recommendations in Your Report should be verified if you propose to use this report more than 
6 months after its date of issue; 

 Your Report is based on information gained from environmental conditions (including assessment of some or all of soil, groundwater, vapour and
surface water) and supplemented by reported data of the local area and professional experience. The assessment has been scoped with 
consideration to industry standards, regulations, guidelines and your specific requirements, which includes budget and timing; 

 The characterisation of site conditions is an interpretation of information collected during assessment, in accordance with industry practice.  Any 
interpretation in Your Report is not a complete description of all material on or in the vicinity of the site, due to the inherent variation in spatial and
temporal patterns of contaminant presence and impact in the natural environment. 

 We may have relied on data and other information provided by you and other qualified individuals in preparing Your Report.  We have not verified the 
accuracy or completeness of such data or information except as otherwise stated in Your Report. For these reasons Your Report must be regarded as 
interpretative, in accordance with industry standards and practice, rather than being a definitive record. 

 For each purpose, a tailored approach to the assessment of potential soil and groundwater contamination is required. In most cases, a key objective is 

to identify, and if possible quantify, risks that both recognised and potential contamination posed in the context of the agreed purpose.  If the proposed 

use of the site changes, the assessment may no longer be valid and will need to be reviewed. 
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