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1 INTRODUCTION 

This report presents the results of a previously completed preliminary geotechnical investigation for a 

proposed residential development at 26 Tupia Street Botany, NSW.  The report supersedes our previous 

report Ref: 21914Wrpt Rev1 dated 23 December 2011, which was prepared based on a previous architectural 

design.  The location of the site is shown in Figure 1.  This report was commissioned by Mr Iggi Aberasturi by 

returned Acceptance of Proposal dated 19 June 2019, on the basis of our proposal Ref: P49590PN dated 

27 May 2019. 

 

From the supplied concept architectural drawings (Project No. 6641, Dwg Nos. SK0101 to SK0104, SK0201, 

SK0202, SK0203, SK1001, SK2002, SK2003, SK2004, SK2005, SK2001, SK2801, 2802, 2803, and 3101 all Issue 

01, and SK2806 issue P1) prepared by CotteeParker, we understand the proposed development will comprise 

three separate 4 storey residential apartment buildings over 2 levels of common basement carparking.  The 

finished floor level of the lowest basement will be at Reduced Level (RL) -1.8m, and excavation to depths 

between about 4.5m and 7m below existing surface levels is expected to be required. 

 

As no structural loads have been supplied, typical loads have been assumed. 

 

The purpose of the investigation was to obtain geotechnical information on the subsurface conditions as a 

basis for comments and recommendations on hydrogeology, excavation conditions, shoring options, 

retaining wall design, and footing design. 

 

An acid sulfate soil investigation has been completed by our specialist environmental consulting division, 

JK Environments (JKE).  Reference should be made to the JKE report for the result of their investigation.  

 

2 INVESTIGATION PROCEDURE 

Three boreholes (BH1 to BH3) were drilled to depths between 6.375m and 6.45m using spiral augering 

techniques with our truck mounted JK550 drill rig.   The relative density of the sandy soils was assessed by 

Standard Penetration Test (SPT) ‘N’ values.  PVC standpipes were installed in each of the boreholes for 

subsequent groundwater level monitoring using data loggers. 

 

Four Electronic Friction Cone Penetrometer (EFCP) tests (now known as Cone Penetrometer Tests [CPTs]), 

one adjacent to each borehole and one at an additional location, were conducted to depths between 12.6m 

and 15.3m.  EFCP testing involves continuously pushing a testing probe with a 44mm diameter conical tip 

into the soil using the hydraulic rams of our ballasted truck mounted EFCP rig.  Measurements are made 

during testing of the end resistance of the cone tip and the frictional resistance of a separate 164mm long 

sleeve located directly behind the cone.  At each test location, a dummy probe was used to probe the first 

0.5m depth.  Dummy probing involves pushing a blank steel probe into the ground which is used to penetrate 

through asphaltic concrete surfacing and to check for obstructions where fill is suspected to be present.  No 

data is recorded when using the dummy probe. 
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EFCP testing does not provide sample recovery.  The subsurface material identification, including material 

strength/relative density, is by interpretation of the test results based on available borehole logs, past 

experience and empirical correlations.  The material identification is ‘approximate’ and may be subject to 

site specific correlation with samples obtained from boreholes. 

 

Groundwater observations were made both during and on completion of augering, and during the 

subsequent installation and removal of the groundwater level data loggers.  The groundwater level monitors 

(Odyssey pressure and temperature type data loggers) were installed in each of the standpipes for a 

minimum period of 2 weeks recording at 5 minute intervals.  The data logger in BH3 was installed for a shorter 

period than those in BH1 and BH2 due to the malfunctioning of the original data logger.  The results from the 

data loggers have been presented on the attached Figures 5 to 7 inclusive as ground water level against time.  

Also shown on these figures is the daily rainfall for Sydney Airport, as supplied by the Bureau of Metrology, 

to the end of March 2007. 

 

Our geotechnical engineers, Mr J Chaghouri and Mr J Kanaan, set out the borehole and EFCP test locations, 

nominated the sampling and testing locations, and prepared logs of the strata encountered.  The borehole 

logs and EFCP test results sheets, which include field test results and groundwater observations, are attached 

to this report together with a set of explanatory notes, which describe the investigation techniques, and their 

limitations, and define the logging terms and symbols used. 

 

The borehole and EFCP test locations, as shown on the attached Investigation Location Plan (Figure 2), were 

set out by taped measurements from existing surface features shown.  The approximate surface level of the 

boreholes and EFCP tests was estimated by interpolation between the spot levels on the supplied 

unreferenced survey plan which forms the basis for Figure 1.  The datum of the levels is Australian Height 

Datum (AHD). 

 

Selected samples were tested by Soil Test Services Pty Ltd (STS), a NATA registered laboratory, to determine 

percentage fines values.  The results of the laboratory testing are summarised in Table A.  Contamination 

testing of the site soils was outside the scope of this investigation. 

 

3 RESULTS OF INVESTIGATION 

3.1 Site Description 

The site report below was prepared based on our inspections in 2007.  Review of available Nearmap aerial 

imagery indicates there has been no significant changes in site development in the intervening period. 

 

The site is located within gently sloping terrain on the northern side of Botany Bay.  The site itself graded 

down to the south west at around 1º to 2º.  The site is generally L-Shaped and is accessed from Tupia Street 

in the north east corner of the site (Figure 1).  The site is about 130m wide (east – west) by about 38m deep 

on the eastern side increasing up to about 95m (north – south) in the main site area. 
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The site is bounded to the north by a Sydney Water easement which we understand contains a concrete 

sewer culvert (the main sewerage carrier). 

 

At the time of the 2007 fieldwork, the site was occupied by three separate one and two storey brick and 

concrete warehouse buildings.  The buildings appeared to be in poor condition based on a cursory inspection 

with cracks up to 5mm wide within the brickwork.  Surrounding the buildings were asphaltic concrete 

surfaced driveway and parking areas which appeared to be in poor condition.  Along the site boundaries were 

numerous trees up to around 15m high. 

 

To the west and south of the site is a grassed and landscaped park area. 

 

To the east of the site was a single storey brick building located around 1m from the site boundary.  The 

building appeared to be in good condition, based on a cursory inspection from within the subject site.  An 

asphaltic concrete surfaced driveway and parking area were also present. 

 

3.2 Subsurface Conditions 

The 1:100,000 Geological Map of Sydney indicates that the site is underlain by recent sediments of the Botany 

Basin which typically comprise marine sands and transgressive dune sand.  However, some lenses or layers 

of clay and/or peat have been encountered on other sites nearby.   

 

The boreholes and EFCP tests disclosed a subsurface profile consisting of pavements and fill overlying sands 

and silty sands with clay bands.  Reference should be made to the attached borehole logs and EFCP test 

results sheets for detailed descriptions of the subsurface conditions.  Summary profiles are presented on the 

attached Figures 3 and 4.  The more pertinent details of the encountered subsurface profile are discussed 

below: 

 

Pavements and Fill 

Asphaltic concrete between 80mm and 180mm in thickness was penetrated from the surface in each of the 

test locations.  Fill consisting of sand, gravelly sand and silty sand was encountered to depths between 0.2m 

(BH3) and 2.3m (BH1).  Based on the SPT and EFCP test results, the fill was assessed as being either poorly or 

moderately compacted. 

 

Marine Sands 

Sands were encountered beneath the fill in all of the boreholes and EFCP tests.  However, the sands have 

been subdivided into two units based on the relative density and experience nearby.   

 

The Upper Sands are predominantly very loose to loose and medium dense and are inferred to have been 

deposited since the last ice ages. At EFCP3 and EFCP4, very loose and loose sands were encountered to depths 

of 4.1m and 4.0m respectively.  At EFCP1 and EFCP2 the sands beneath the fill were found to be medium 

dense to dense. 
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The Lower Sands are predominantly dense to very dense but include interbedded bands or layers inferred to 

be of clay to sandy clay.  The Lower Sands were encountered from about RL-1.5mAHD (EFCP1 and EFCP2), 

and from beneath the very loose to loose and medium dense sands at EFCP3 and EFCP4 at about RL-3mAHD 

to RL-4mAHD. These Lower Sands extended to termination of the EFCP tests. 

 

The interbedded bands/layers of clay, silty clay and sandy clay were encountered within the sand profile 

between about 8.0m and 13.0m depth (about RL-5mAHD to RL-11mAHD) at all of the EFCP test locations.  

The clayey bands were between about 0.2m and 0.65m thick and are inferred to be of very stiff to hard 

strengths.  Also included within this “banded profile” were some bands inferred to be loose sand to silty and 

clayey sand up to about 0.6m thick.  We have shown on Figure 3 some layers based on correlation between 

the EFCP test locations.  However, the layers may not be continuous and there are bands which could not be 

correlated between EFCP tests. 

 

We note that EFCP3 and EFCP4 refused in very dense sands at depths of 14.06m and 12.63m respectively.  

EFCP2 terminated at 15.28m in very stiff sandy clay, which may be another band or may be the 

commencement of clay strata which are known to generally underlie the sands in this area. 

 

Bedrock in this area is likely to be about 20m to 30m depth based on general mapping of bedrock levels from 

past investigations.  

 

Groundwater 

Groundwater seepages were encountered in all of the boreholes at depths of 2.5m (BH1), 0.8m (BH2) and 

0.9m (BH3).  On completion of drilling, groundwater was present at depths of 2.1m (BH1), 1.5m (BH2) and 

0.9m (BH3). 

 

The data logger results from the standpipes at BH1, BH2 and BH3 (Figures 4 to 6 respectively) show the 

groundwater level to be slowly dropping over the monitoring period.  The rainfall data shows the period of 

monitoring was relatively ‘dry’ weather with only about 33mm of rainfall over March 2008.  Immediately 

prior to the data logger installation there was a wet period having a total rainfall of 51mm over three days.  

Earlier in February there had been about 150mm rainfall over 15 days.   

 

The groundwater levels measured by the data loggers dropped from around RL1.4mAHD to between 

RL1.2mAHD (BH2) and RL1.0mAHD (BH3).  The ground water levels indicated a gradient from roughly north 

to south which is consistent with the regional ground water flow regime to Botany Bay to the south. 

 

3.3 Laboratory Test Results 

The percentage fines tests on the disturbed soil samples recovered from the boreholes gave results of either 

1% fines (BH1, 3.0m to 3.45m and BH3, 3.0m to 3.45m) or 2% (BH2, 1.5m to 1.95m), indicating that the sandy 

soils are ‘clean’ with almost no fines. 
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4 COMMENTS AND RECOMMENDATIONS 

The comments and recommendations in the following sections of the report and preliminary nature.  As 

noted in Section 4.1 below, supplementary investigation will be required post demolition to further assess 

variability in the subsurface profile across the site.  Following the supplementary investigation, the comments 

and recommendations in the following sections of the report must be reviewed and updated as required. 

 

4.1 Geotechnical Design Issues 

From the site conditions encountered, a number of geotechnical design issues are apparent and will impact 

on the design and construction of the proposed development. These issues are outlined briefly below: 

• The high ground water table will require that temporary dewatering be conducted during construction 

and that a tanked basement design be adopted as permanent dewatering will almost certainly not be 

permitted.  The basement wall can be utilised as a cut off to control ground water flow with respect to 

flow gradients and possibly flow volumes.  Additional investigation work will be required to confirm the 

required depth of cut off wall and/or to determine whether a groundwater ‘cut off’ can be achieved by 

penetration into a consistent clay layer, and to address regulatory requirements from both Council and 

WaterNSW/DPIE.  External water pressures will be relatively large and will have an impact on the 

structural design of the basement perimeter walls and the lower basement floor slab. 

• Proximity of the proposed basement walls to the site boundaries and existing adjacent development, 

including the Sydney Water sewer to the north, will require provision of a basement retention system 

installed prior to commencement of excavation.  Temporary support will require the use of sand anchors 

or support from within the basement area.   

• Previous experience of comparable situations indicates that the process to obtain Sydney Water approval 

will be very time consuming., and will require detailed analysis to predict the impact on their assets.  The 

analysis process will also likley require input from both civil and structural consultants. 

• The expected relatively large column loads will require careful selection of the footing system due to the 

variable density of the sands and the presence of weak layers, predominantly clays, within the sands.  

Integration of the structural support system with the measures required to address excavation support 

and ground water control will offer some economies. 

• The variable nature of the sandy soils will require additional investigation following demolition to 

determine the extent of the clay layers and loose bands to allow for detailed analysis of the footing system 

and for detailed groundwater modelling. 

 

Solutions to these issues are readily available but will require careful design and construction.  The above 

design issues are discussed in more detail in the following sections. 

 

4.2 Dilapidation Surveys 

Prior to demolition commencing, detailed dilapidation reports should be compiled on neighbouring buildings 

and structures which fall within the zone of influence of the excavation.  The zone of influence is generally 

defined by a distance back from the excavation perimeter of twice the depth of the excavation.  The 

respective owners should be asked to confirm that the reports represent a fair record of actual conditions as 
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they may then be used as a benchmark against which future claims for damage arising from the works.  

Depending on the final layout of the basement, this will likely include the building to the east and the Sydney 

Water sewer pipeline.  It may be difficult to obtain detailed information on the condition of the sewer carrier; 

the use of remote controlled cameras will probably be necessary. 

 

4.3 Hydrogeological Considerations 

From the data loggers, the groundwater table varied during the period of monitoring from around 

RL1.4mAHD down to about RL1.0mAHD.  The groundwater levels are considered likely to rise above these 

values following extended wet periods.  A rise of up to about 1.5m to 2.0m is considered possible following 

heavy or prolonged rain periods which would bring the groundwater table to about existing ground level.  

We note that the lower level of around 1.0mAHD approximately corresponds with high tide level and the 

groundwater levels are not expected to fall much below this level.  The site is too far removed from Botany 

Bay for any tidal influence as evidenced by the data logger results.  Research into water bore levels and 

basements in the surrounding area may provide further information in relation to groundwater table 

fluctuations, seepage volumes etc.  

 

Given the above, and considering WaterNSW policy, it is recommended that the basement be tanked and 

designed to resist hydrostatic uplift pressures corresponding to a maximum water level at ground level.  We 

note that tanked basements require careful design and construction of water stops to achieve a reasonable 

seal, but that construction limitations mean that some ground water leakage in to the basement is possible. 

 

Based on the investigation results, temporary dewatering will be required from within the proposed 

basement excavation.  The extent of dewatering required will be dependent on the continuity of the clay 

bands, or otherwise the lack of continuity, across the site and the toe level of the retention system/cut off 

wall.  Application to WaterNSW for a temporary dewatering permit will be required.  Consideration will have 

to be given to water quality (including possible contaminants) before offsite disposal will be permitted.  In 

this regard, we note that the site is within the Botany Groundwater Extraction Exclusion Area, and additional 

constrains on dewatering may apply. 

 

The basement retaining wall will need to extend to sufficient depth below the basement excavation for the 

de-watering to be practical.  If the wall is not embedded to a sufficient depth, heaving and/or ‘boiling’ of the 

sands inside the excavation may occur due to the upward flow of ground water around the cut off wall into 

the excavation area.  As a worst case, if the clay bands are ignored, or are not continuous, then for preliminary 

design a cut off depth of about 5m below the internal dewatered level will be required to prevent ‘boiling’ 

or quick sand conditions.   Stability considerations for the wall would also have to be taken into account in 

determining the required toe level as discussed in Sections 4.6 and 4.7 below. 

 

Significant temporary dewatering would also be required to achieve the required internal dewatering for a 

stable subgrade and construction access.  The temporary dewatering would likely require a combination of 

spear points (also known as well points) and sumps or deeper dewatering wells.  The location of the 

dewatering points would have to be integrated into the basement design.  The dewatering would be required 

until there is sufficient dead load in the overlying structure to resist the uplift forces.  At that time the 
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dewatering points would be permanently capped off.  As the uplift pressures will be in the order of 60kPa, 

there should be sufficient dead weight in the tower buildings to compensate for the uplift.  However, there 

are gaps between the proposed towers where dead weight will not be large at all, the use of anchor piles or 

similar may need to be considered. 

 

From Figure 3 it can be seen that a cut-off toe level of RL-9mAHD will intersect the clay bands which may 

form continuous clay layers across the site. If such a layer were continuous then ‘boiling’ conditions would 

be unlikely and seepage inflow volumes would be significantly reduced.  However, ground water pressures 

would be high beneath such continuous clay layers such that hydraulic uplift or base heave would be of 

concern.  Assuming an indicative ground level, and hence maximum ground water level, of RL+3mAHD and a 

basement bulk excavation level of RL-3mAHD, then uplift will not be of concern if the continuous clay layer 

were deeper than about RL-9mAHD to RL-11mAHD. If the continuous clay layer were above this level, then 

hydraulic uplift conditions would be addressed by provision of temporary pressure relief wells installed 

through the clay layer at regular spacing over the basement area.  The required spacing is a function of the 

well size and level of the clay layer. 

 

Additional investigation work will be required to confirm the cut off depth required.  In particular, if the clay 

bands at around 8m to 10m depth (about RL-5mAHD to RL-11mAHD) can be confirmed to be continuous 

across the site, then design may utilise this layer as part of the cut off system.  If the clay bands are not 

continuous, the wall will need to be embedded to greater depth and the dewatering system would be 

required to handle higher water volumes due to seepage flows below the toe of the wall. 

 

Additional investigation of groundwater table fluctuations and detailed groundwater modelling would be 

required to determine possible drawdown effects of temporary dewatering.  Further advice should also be 

provided as to whether precautions are required to reduce any possible adverse effects on any surrounding 

buildings and structures which may arise from drawdown due to the temporary dewatering.   To this end, 

further details of footing systems for adjacent structure would assist in evaluation of requirements and 

should be sought.  

 

Detailed modelling of groundwater flows with and without the basement would be required to determine 

the likely effects of the basement cut-off wall on groundwater flows in the area.  Such a cut off can lead to 

mounding, or an increase in ground water levels on the up gradient side of the basement wall (in relation to 

the regional flow direction).  Such an increase in ground water level may have an adverse effect on adjacent 

structures or properties, such as by causing surface seepage or localised settlements.  Provision of subsurface 

interceptor drains and by-pass pipes through or around the basement can overcome such problems.  We can 

complete this modelling if commissioned to do so. 

 

4.4 Excavation 

We understand the basement excavation is to be between about 4m and 7m deep below existing ground 

surface levels.  The excavation is expected to encounter fill and marine sands. 
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Excavation of the fill and sands should be readily achievable using conventional means such as the buckets 

of hydraulic excavators.  Due to the presence of very loose and loose sands and poorly compacted fill, which 

probably extend beyond the site boundaries, we recommend that tracking of hydraulic excavators and other 

plant be carried out with caution.  Sudden stop/start movements may result in vibration damage to close by 

neighbouring buildings and structures, say within about 20m from the vibration source. 

 

Where space permits, temporary batter slopes of 1.5H:1V are recommended in the short term above the 

water table, provided no surcharge loads, including construction loads are placed at the top of the batters.  

Batters would not be feasible below the water table due to the collapsing nature of the sands resulting in 

relative flat batters.  Given the combination of high ground water level and proximity of most of the basement 

walls to the site boundary and existing trees (which we expect are to be retained), we would expect that 

temporary batters will not be an option. 

 

4.5 Retention Options 

In lieu of temporary batter slopes, the excavation sides will need to be supported by a properly designed 

temporary and/or permanent shoring system, installed prior to the start of excavation.  The effect of ground 

movement on any buildings or structures which lie within the influence zone of the excavation must also be 

taken into account.  The influence zone of the excavation may be defined as a horizontal distance of 2H 

(where H is the excavation depth in metres) behind the wall.  This shoring system could be incorporated into 

the permanent basement retention system and ground water cut off. 

 

Suitable shoring systems would include secant pile walls, vibratory installed steel sheet piles, diaphragm wall, 

and a soil mixed/jet grouted wall.  A contiguous pile wall would not be suitable due to the inevitable gaps 

which will result in ground water inflow.  Conventional bored piles are unsuitable due to the collapsing nature 

of the sands. 

 

Secant pile walls involve the drilling of ‘soft’ piles (which are concrete with a strength gain retardant) at 

around 1.5 times pile diameter spacing with ‘hard’ piles then drilled between the 'soft' piles cutting into the 

'soft' piles to either side.  If delays are encountered when installing the 'hard' piles, then the 'hard' piles may 

not fully intersect the 'soft' piles over the required full depth and the wall may not be watertight.  Pile 

misalignment, which is common below depths of about 6m, will result in gaps which may not be visible but 

will allow much higher water inflows that would otherwise be expected.  Additionally, should there be 

excessive movement of the wall during construction, separation of the 'hard' and 'soft' piles may occur which 

would result in the wall not being watertight.  Due to the collapsing nature of the sandy soils encountered 

on site, bored piles would not be suitable, and a continuous flight auger (CFA) pile system will be required if 

a secant pile wall system is to be adopted.  Cased CFA (double rotary) piling techniques provide better pile 

alignment and hence interlock when compared to conventional CFA techniques. 

 

A steel sheet pile wall involves installing interlocking steel sheets using a vibrating motor.  As the steel sheets 

piles are not suitable in the long term due to corrosion of the steel, a permanent wall would need to be 

constructed in front of the sheet piles during construction.   The use of steel sheet piles should be approached 

with caution due to the potential for vibration induced damage to any nearby structures during pile 
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installation.  Use of special amplitude modulated vibrators (rather than frequency modulated vibrators) 

would likely be possible, but would require a site trial to confirm the resulting vibration levels at the critical 

structures are acceptable. 

 

A diaphragm wall involves the cutting of a narrow vertical trench, typically of about 0.5m to 0.6m wide and 

in short sections, say 5m to 10m long, to the required depth.  The trench walls are stabilised by keeping the 

trench full of bentonite slurry.  Reinforcing steel is then placed in the slurry filled trench and concrete poured 

using tremie techniques which displaces the slurry.  A waterproofing seal is placed between the panels of the 

wall.  The shallow depth to the groundwater table may preclude the use of this system as there may not be 

sufficient slurry pressure above the groundwater table to maintain stability of the trench walls.  Provision of 

temporary bunds to raise the slurry level would be possible.    The advantages of the diaphragm wall are the 

high structural capacity and stiffness possible, together with relatively planar exposed face and good water 

tight integrity.  Cost and the large amounts of site space required for the necessary plant are usual 

disadvantages.  This site would appear to have ample site space for the plant. 

 

Jet grouting involves the injection and mixing of cement into the insitu soils at high pressures using a 

specialised drilling rig.  Insitu Cutter Soil Mixing (CSM) is similar but mixes cement into the soil by physically 

cutting and mixing the soil using a specialist rig.  The process is carried out around the basement perimeter 

to form a continuous wall/line.  To achieve the required structural design capacity, reinforcing steel or 

structural steel columns/beams have to be inserted into the mixed columns, or CSM panels.  Alternatively jet 

grouted columns can be formed between CFA piles which form the structural support element.  These 

systems avoid the possible problems of separation associated with drilling of secant piles.  However, for jet 

grouting, the mixing has be carefully controlled to achieve the required treated diameter for continuity.  In 

addition, the exposed face has to be trimmed to the required line as part of the excavation procedure.  CSM 

panels form relatively regular 'flat' faces, but treatment is usually required, e.g. shotcrete facing, in the 

permanent case. 

 

Selection of the most suitable basement wall system will depend on how the wall is integrated into the 

structural support system, construction times, construction constraints and cost.  Experience has shown that 

CSM walls are usually adopted on sites similar to this one. 

 

To reduce excavation induced movements, especially adjacent to site boundaries, the shoring system must 

be provided with adequate lateral support, such as by bracing or anchoring, as the excavation progresses. 

 

We assume that permanent lateral support of all retaining walls will be provided by the proposed concrete 

floor slabs. 

 

The retaining walls should be socketed below the base of the excavation for an appropriate design depth to 

maintain wall stability, taking into account unintended over excavation, local footings, lift pits and service 

excavations.  In addition the ground water cut off requirements must be taken into account (as discussed in 

Section 4.3 above). 
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Caution should be exercised during retaining wall installation to the potential for disturbance of the upper 

loose and very loose sands and poorly compacted fill, and hence, the possible settlement of any shallow 

footings in the immediate vicinity of the works.  For this development, both the site to the south-east and 

Sewer Main to the north may be a direct constraint in this regard.  Pre-treatment of the ground surface by 

grouting may be required.   

 

4.6 Lateral Earth Pressures 

For the preliminary design of anchored or propped walls, where wall deflection is not critical, we recommend 

that a rectangular lateral earth pressure distribution of magnitude 4H kPa be used (where H is the depth in 

metres of the excavation), provided that there are no movement sensitive structures within a lateral distance 

of 2H from the top of the excavation.   

 

For areas that are sensitive to lateral movement, such as due to the presence of adjacent buildings and/or 

services, a rectangular lateral earth pressure distribution of magnitude 8H kPa should be used for both the 

temporary and permanent cases to limit possible ground movements. 

 

All appropriate surcharge loads, including from adjacent footings, should be incorporated in the design of 

the retaining walls.  Full hydrostatic pressures to the higher levels specified in Section 4.3 should be 

incorporated into the design of the retaining walls. 

 

We emphasise that some ground movements (settlement and/or lateral displacement) will occur within the 

zone of influence even with an anchored or propped wall that is designed for the higher lateral pressures.  

The amount of movement is a result of the combined effects of structural stiffness, sequence of construction 

and quality of construction. Further detailed design studies would be required to quantify likely movements.  

We note also that detailed design using specialist retaining wall programs, such as WALLAP or finite element 

programs, such as PLAXIS, may enable alternative design earth pressure distributions to be considered.  Such 

designs are able to take into account specific construction sequence, wall and support stiffness, and give 

predicted movements and bending moments/shear forces for structural design.  We can complete such 

design studies if so commissioned. 

 

4.7 Lateral Restraint 

Support for the basement wall can be achieved by provision of earth anchors (external to the basement), or 

propping and strutting from within the basement area.  

 

Toe support for the wall embedded into the sandy soils below the depth of any excavation, including footings 

or trench excavations, can be designed using a passive earth pressure coefficient (Kp) of 3.0 but with a factor 

of safety of 2 to limit the large deformations which are required to develop full passive pressures.  A bulk unit 

weight of 18kN/m3 should be used for the natural sandy soils above the water table.  The internal ground 

water level must be taken into account as it reduces the available lateral resistance. 
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Anchors with their bond length in medium dense to dense sand can be designed based on an effective friction 

angle (’) of 35º subject to the following: 

• Anchor bond length of at least 3m behind the ‘active’ zone of the excavation, taken as above a 45º line 

from the base of the excavation. 

• Overall stability, including anchor group interaction, is satisfied.  

• Design of the anchor bond zone takes into account possible higher ground water levels as outlined in 

Section 4.3. 

• Anchor installation uses appropriate techniques to minimise ground loss and ground disturbance taking 

into account the difficulties of drilling within sands below the ground water table.  Provision should be 

made for a seal at the temporary anchor penetration through the wall to control ground water inflow and 

possible inflow of sands with ground water. To confirm these issues have been adequately addressed, a 

work method statement detailing the equipment, materials and step by step procedures proposed by the 

anchoring contractor should be provided for review prior to commencement. 

• All anchors are proof loaded to at least 1.3 times the design working load before locking off at the working 

load.  All proof stressing should be witnessed by an experienced engineer independent of the anchoring 

contractor. 

• Suitable provision is made for long term water proofing of anchor penetrations through the basement 

wall once anchors are de-stressed. 

 

Consideration could be given to specialised mechanical anchors, such a screw plate piles or “platypus” type 

anchors, as an alternative to conventional drilled and grouted anchors.  However, most of the above design 

and construction requirements would still have to be addressed. 

  

It should be noted that the approval of neighbouring landowners would be required if anchors are to extend 

below their land.  Permanent anchors, if required, would require appropriate corrosion protection. 

 

Internal strutting and propping may be possible provided due consideration is given to the construction 

sequence and resulting impacts of the necessary support berms and struts on construction access.  The 

dewatering system requirements can also affect the design and construction of such systems.  Such a system 

would be more difficult to design and install where potential wall movements are a design constraint, as such 

systems are usually more flexible. 

 

A variation on the internal support would be to consider ‘top down construction’ where the permanent floor 

slabs are utilised for both temporary and permanent support.  Floor slabs are cast on grade and then the 

sand removed from under the slab for the next basement level.  Detailed consideration is required for the 

dewatering requirements, construction sequence and access constraints, including ventilation requirements 

when excavating below the slab above. 
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4.8 Footing Design 

Selection of a suitable footing system should be integrated with the basement wall types, wall support and 

dewatering requirements.   

 

Provision of a tanked basement will require the basement floor slab to be designed for relatively high uplift 

pressures of about 60kPa depending on the slab soffit level and ground level.  As a result, a relatively thick 

lower basement floor slab is likely to be required to distribute the uplift loads.  Hence, consideration could 

be given to utilising this slab as part of the footing system such as a stiffened raft slab, or piled raft to 

distribute the column loads.  These footings would be feasible given the dense sand conditions encountered 

at or just below bulk excavation level.  In addition, the structural loads are, in effect, reduced by the buoyancy 

effect of the high ground water levels.  Design would have to take into account the possible fluctuations in 

levels during both the temporary and permanent stages.  A piled raft is likely to be the most economic 

combination of basement slab and structural support for the development.   However, additional structural 

and loading information would be required for the analysis of these options which has not been allowed at 

this stage.  However, we can complete this analysis if commissioned to do so.  Additional investigation works 

would also be required to confirm similar subsurface conditions between the completed test locations. 

 

Due to the high anticipated column loads and the need for a tanked slab, shallow footings founded within 

the natural sands at bulk excavation level are not considered to be suitable for the development.   

 

Alternatively, a piled system may be used.  However, details of the building loads would be required to 

evaluate pile diameters, founding depths and settlements.  We note that the variable relative density profiles 

found by the EFCP tests, and in particular the presence of clay bands and loose zones interbedded in the sand 

profile, will be a constraint for maximising pile capacity.   

 

As a preliminary guide, drilled piles 0.6m in diameter founded in the medium dense, or better, sands and to 

at least eight pile diameters below bulk excavation level, with no loose sand bands or clay bands within five 

pile diameters of the base of the pile may be designed for an allowable end bearing pressure of 1,200kPa 

based on serviceability.  Higher pressures may be possible at specific locations and levels provided continuity 

of the founding stratum is verified.   Preferred pile types would include continuous flight auger (CFA) piles, 

barrettes constructed with CSM columns, and possibly steel screw piles.  The total expected settlement for 

single piles under this load would be about 5mm with expected differential settlements up to about 3mm.  

Further consideration would be required for pile group interaction effects. If steel screw piles are to be used, 

provision would need to be made for the long term, corrosion protection of the piles. 

 

Given the caving conditions, conventional bored piles would not be suitable.  Consideration could be given 

to use of casing and/or bentonite support but this would most likely only be economic if a diaphragm wall 

system is being used. 

 

Driven or vibratory installed piles may not be suitable due to the potential for damage to nearby buildings 

and services.  However, given the size of the site and distance to nearby structures, these pile types may be 

feasible over much of the site.  Further advice would be required from specialist piling contractors in relation 
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their system and resultant expected vibrations.  Such piles would likely have a higher load capacity than 

drilled piles. 

 

Consideration should be given to subsequent investigations extending to greater depths to confirm whether 

alternative founding strata can be identified below the current investigation depth. 

 

4.9 Basement On-Grade Slab and External Pavements 

Although the basement slab will act as a garage pavement, it is likely to be quite thick due to hydrostatic 

uplift, and hence traffic loadings will not be critical.  Consideration should be given to placing a granular sub-

base type material to assist with site trafficability over the dewatered lower basement subgrade.  All 

basement slab joints will need to be provided with appropriate water stops and structural connection to walls 

and columns. 

 

Any external pavements may be design based on a preliminary CBR of 10% and should have a subbase layer 

of at least 100mm thickness of crushed rock to RTA QA specification 3051 unbound base material.  The 

subbase should be compacted to at least 98% of Modified Maximum Dry Density (MMDD).  Concrete 

pavements should be designed with an effective shear transmission at all joints by way of either dowels or 

keyed joints.   

 

All external pavements should have the subgrade prepared by compacting to at least 98% SMDD or minimum 

density index of 70% after proof rolling using at least five passes of a minimum 10 tonne dead weight drum 

roller.  The proof rolling should be witnessed by an experienced earthworks foreman or engineer.  The 

purpose of the proof rolling is to identify possible soft spots which would not otherwise be obvious and may 

have an adverse impact on the pavement construction and performance.  Over excavation and replacement 

may be required for soft spots so identified. 

 

4.10 Further Geotechnical Input 

The following is a summary of the further geotechnical input which is required and which has been detailed 

in the preceding sections of this report: 

 

• Dilapidation reports on neighbouring properties and structures that fall within the movement influence 

zone of the basement excavation. 

• We believe that a meeting of the design team would be fruitful, once the DA design is approved and 

during design and construction documentation stage, in order to discuss geotechnical issues and 

solutions in more detail. 

• Council may require a geotechnical inspection and test plan be prepared once the design is complete. 

• Additional investigation and analysis to determine the following; 

▪ Continuity across the site of the clay bands located at around RL-5mAHD to RL-10mAHD. 

▪ Confirm subsurface conditions between the completed test locations. 

▪ Possible alternative deeper founding strata. 
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▪ Long term groundwater conditions and fluctuations. 

▪ Groundwater modelling to confirm the dewatering, pressure relief, long term ground water 

effects and to address authority requirements. 

▪ Analysis of the perimeter retention system and construction sequence. 

▪ Analysis and design of a stiffened raft or piled raft footing system, if required. 

▪ Analysis of load and settlement characteristics of piles and pile groups relative to design loads. 

 

5 GENERAL COMMENTS 

The proposed development is considered to be feasible for this site.  However, the geotechnical issues 

associated with the subsurface conditions require careful design and integration with the structural solutions 

and with construction methods and sequence.  The construction works below ground level should not be 

regarded as a conventional basement and footing construction project.  The geotechnical issues require the 

application of “civil engineering” methods and will require an experienced builder and a well integrated 

design.  Exploration of various design and construction options is likely to result in a well designed, economic 

solution to all the issues. 

 

The recommendations presented in this report include specific issues to be addressed during the 

construction phase of the project. As an example, special treatment of soft spots may be required as a result 

of their discovery during proof-rolling, etc. In the event that any of the construction phase recommendations 

presented in this report are not implemented, the general recommendations may become inapplicable and 

JK Geotechnics accept no responsibility whatsoever for the performance of the structure where 

recommendations are not implemented in full and properly tested, inspected and documented. 

 

Occasionally, the subsurface conditions between the completed test locations may be found to be different 

(or may be interpreted to be different) from those expected. Variation can also occur with groundwater 

conditions, especially after climatic changes. If such differences appear to exist, we recommend that you 

immediately contact this office. 

 

This report provides advice on geotechnical aspects for the proposed civil and structural design.  As part of 

the documentation stage of this project, Contract Documents and Specifications may be prepared based on 

our report. However, there may be design features we are not aware of or have not commented on for a 

variety of reasons. The designers should satisfy themselves that all the necessary advice has been obtained. 

If required, we could be commissioned to review the geotechnical aspects of contract documents to confirm 

the intent of our recommendations has been correctly implemented. 

 

A waste classification will need to be assigned to any soil excavated from the site prior to offsite disposal. 

Subject to the appropriate testing, material can be classified as Virgin Excavated Natural Material (VENM), 

General Solid, Restricted Solid or Hazardous Waste. Analysis takes seven to 10 working days to complete, 

therefore, an adequate allowance should be included in the construction program unless testing is completed 

prior to construction. If contamination is encountered, then substantial further testing (and associated 
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delays) should be expected. We strongly recommend that this issue is addressed prior to the commencement 

of excavation on site. 

 

This report has been prepared for the particular project described and no responsibility is accepted for the 

use of any part of this report in any other context or for any other purpose. If there is any change in the 

proposed development described in this report then all recommendations should be reviewed. Copyright in 

this report is the property of JK Geotechnics. We have used a degree of care, skill and diligence normally 

exercised by consulting engineers in similar circumstances and locality. No other warranty expressed or 

implied is made or intended. Subject to payment of all fees due for the investigation, the client alone shall 

have a licence to use this report. The report shall not be reproduced except in full. 
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