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1.0  INTRODUCTION 

The following is a report on the geotechnical assessment of a 13-storey development with basement 

residential site in accordance with AS1726-2017. The purpose of the investigation is to provide 

guidance as to the expected foundation condition so that a suitable foundation design can be 

prepared for the proposed thirteen storey residential building. 

 

1.1 Terminology 

 

The methods used in this report to describe the soil profiles, including visual classification of material 

types encountered, are in accordance with Australian standard AS1726-2017 “Geotechnical Site 

Investigations”. 

 

1.2 Limitations 

 

The geotechnical section of Barnson Pty Ltd has conducted this investigation and prepared this 

report in response to specific instructions from the client to whom this report is addressed. This 

report is intended for the sole use of the client, and only for the purpose which it is prepared. Any 

third party who relies on the report or any representation contained in it does so at their own risk. 

 

1.3 Geotechnical Testing 

 

Representative samples from the site were subjected to the following range of tests in accordance 

with relevant method of Australian Standard AS1289: 

 

• Linear Shrinkage (LS) 

• PH 

• Aggressivity Testing 

• Atterberg Limits (PL, LL, PI) 

• Standard Penetrometer Tests (SPT) 

• Cone Penetrometer Testing (CPT) 

• Acid sulphate testing 

 

NATA endorsed reports are attached in Appendix C. 
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2.0 GENERAL DESCRIPTION OF SITE 

The site is situated in a residential area of Tweed Heads NSW. 

 

 

The site consists of no grass or weed cover or trees. 

  

 

The site is sloping slightly to the east. The site has existing units on the block with existing buildings 

and established houses surrounding the area.  

 

 

 

Plate 1 –View of borehole 1 facing West (2022). 
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Plate 2 – General view of site facing West (2022). 

 

 

Plate 3 – General view of site facing East (2022). 
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Plate 4 – General view of site facing West (2024). 

 

 

Plate 5 – General view of site facing Northwest (2024). 
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Plate 6 – General view of site facing West (2024). 

 

 

Plate 7 – General view of site facing Southwest (2024). 
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3.0 METHOD OF INVESTIGATION 

On the 13th-15th of September 2022 and 4th of September 2024, site investigations were carried out 

at 25-27 Boyd Street, Tweed Heads NSW. 

 

 

A drill rig with a flight auger and tungsten tip was used to excavate three (3) test holes. The 

supervising soil technician logged the soil profiles, which were recorded in the bore logs. Disturbed 

samples were taken from the depths shown in the bore logs. The bore logs are attached in Appendix 

B. 

 

 

The disturbed samples were returned to the Laboratory where Linear Shrinkage and Atterberg Limits 

testing was conducted on the samples to correlate the material's Shrink Swell Index in accordance 

with AS2870-2011. The results of the Linear Shrinkage tests and Atterberg Limits are attached in 

Appendix C. 

 

 

To evaluate the strength and consistency of the material present Four (4) Cone Penetrometer Tests 

(CPT) were conducted to refusal depths of less than 3m. The results of the Cone Penetrometer Tests 

are detailed in Appendix D. 

 

 

Standard Penetrometer Tests (SPT) were also performed on the site to evaluate the strength and 

consistency of the material present. The results of the Standard Penetrometer Tests are detailed on 

the borelogs in Appendix B. 
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4.0 SUB-SURFACE CONDITIONS 

From the bore logs attached it can be seen that the soil encountered to the test end point was as 

follows: 

4.1 Fill 

 

A 0.1m thick Concrete slab was cored at both borehole locations.  

 

4.2  Sub-Soil 

 

Aeolian soils were encountered throughout the boreholes. These generally comprised of moist to 

wet sands and clays to 25.0m. 

 

4.3 Regional Geology 

 

Reference to the New South Wales 1:1,000,000 Geological Map indicates the surrounding area 
consists of “Greywacke, slate, phyllite, quartzite”.  
 
Rock was not encountered to the boreholes end points of 25m. The depth to rock is not known. CPT 
refusal occurred in sand at depths less than 3m.  
 
From a nearby Geotechnical investigation undertaken by Douglas Partners at 33-35 Boyd St. Tweed 
heads, rock was found at 15-16.5m depths, which is much shallower depth than this site. 
 
 

4.4 Surface Water 
 

Terranora Creek and Tweed Maraina are located 200m southeast of the site. Tweed River is situated 

760m east of Boyd Street.  
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4.5 Groundwater Review 

 

Groundwater was encountered during this investigation at the depths as indicated in the borehole 

logs and CPT attached Appendix B, being from 0.8m below surface level. It must be noted that 

groundwater depths and moisture conditions are affected by climatic conditions, tidal action, soil 

permeability and may therefore vary with time. 

 

A search of the Water NSW Groundwater map showed no groundwater bores are situated on the 

development. Three groundwater bores are located within 500m of the development site as outlined 

in Table 1. 

 

Table 1: Groundwater review 

Groundwater 
Bore 

Reference 

Date 
Installed 

Distance  Total 
Depth 

(m) 

WBZ 
(m) 

 

SWL 
(m) 

Yield 
(L/s) 

Salinity 
Yield 

Notes 

GW306058 17/8/2006 75m W 2.5 1.6 to 2.5 1.6 N/a N/a 

 
Bore Removed. Strata is 

sandy clay and sand 
 

GW303657 1/01/1970 430m NE N/a N/a N/a N/a N/a 
 

No information available  
 

GW273047 1/11/2023 500m SE 11.25 2.9 to 5.2 N/a N/a N/a 

 
Strata is sandy clay, sand, 

silt and siltstone 
 

WBZ – Water Bearing Zone, SWL – Standing Water Level 
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Plate 8 – Groundwater Bore Locations  
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5.0 NATA LABORATORY TESTING 

Disturbed samples were taken during the field investigation. Laboratory testing was carried out on 

selected samples of all different material types, with details of the sampling and testing shown 

below: 

 

Soil Index Properties testing was carried out on samples to aid in classification of the soils 

encountered and to assist in determining design parameters. 

 

5.1  Linear Shrinkage Testing (L.S) 

The shrinkage results are summarised in the below table: 

Table 2: Linear Shrinkage Results 

Borehole No. Depth (m) Proposed Structure Linear Shrinkage (%) 

Borehole 1 1.5m Proposed Building 0.0 

Borehole 1 4.5m Proposed Building 0.0 

Borehole 2 3.0m Proposed Building 0.0 

Borehole 2 6.0m Proposed Building 0.0 

Borehole 2 19.5m Proposed Building 5.0 

Borehole 2 22.0m Proposed Building 6.5 

Borehole 2 24.0m Proposed Building 5.0 

The above test results confirm the material as low plasticity. 
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5.2 Plasticity Index (PI)  

 

The Plasticity Limit results are summarised in the below table: 

 

Table 3: Atterberg Limits Results (PI) 

Borehole No. Proposed Structure Depth 
Liquid Limit 

(%) 
Plasticity 
Index (%) 

Borehole 1 Proposed Building 1.5m 
Not 

Obtainable 
Non-Plastic 

Borehole 1 Proposed Building 4.5m 
Not 

Obtainable 
Non-Plastic 

Borehole 2 Proposed Building 3.0m 
Not 

Obtainable 
Non-Plastic 

Borehole 2 Proposed Building 6.0m 
Not 

Obtainable 
Non-Plastic 

Borehole 2 Proposed Building 19.5m 32 9 

Borehole 2 Proposed Building 22.0m 30 11 

Borehole 2 Proposed Building 24.0m 32 13 

Soils whose liquid and plastic limits cannot be determined with plasticity index value of 0 (non-

plastic) tends to be sand with little or no clay or silt. Cohesive soils with a Plasticity Index range of 

11-27% are likely to be moderately reactive to moisture change.  

 

5.3 Seasonal Surface Movement 

 

From the laboratory test results, as shown attached, an estimated ground surface movement (Ys) 

was calculated in accordance with AS2870-2011 (using a change in suction at the soil surface  = 

1.5pF and a depth of design suction change, Hs = 1.5m) being: 

 

Ys = <20mm 

 

The site has the known extraordinary feature of the existing buildings and pavements on the site. 

However, as the upper layers of soil are non-reactive sand, this will not affect the site classification 

and thus, it is our opinion that a Site Classification of ’S’ should be adopted for the site in its present 

condition.     
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6.0 CONE PENETROMETER TEST (CPT) 

The CPT results are presented in Table 3. CPT results are reported in Appendix D.  

 

CPT tests were conducted at locations shown on map in Appendix B to determine the in-situ 

properties including cone resistance (qc) and sleeve friction (fs). CPT refusal occurred at depths of 

less than 3m.   

 

Table 4: Summary of CPT Soil Properties 

CPT No. 
Soil classification  

(CPT based) 
Depth (m) 

qc 

(MPa) 
fs 

(MPa) 

CPT1 Sand 1.0 9.8 0.06 

CPT1 Gravelly Sand to Sand 2.0 >20 0.08 

CPT1 Gravelly Sand to Sand 2.5 >20 0.40 

CPT2 Sand 1.0 13.7 0.13 

CPT2 Gravelly Sand to Sand 2.0 12.5 0.09 

CPT2 Gravelly Sand to Sand 2.5 >20 0.21 

CPT3 Sand 1.0 5.5 0.07 

CPT3 Gravelly Sand to Sand 2.0 >20 0.17 

CPT3 Gravelly Sand to Sand 2.5 >20 0.38 

CPT4 Gravelly Sand to Sand 1.0 12.2 0.09 

CPT4 Gravelly Sand to Sand 2.0 15.9 0.11 

CPT4 Gravelly Sand to Sand 2.5 20.0 0.18 

qc- cone resistance, fs-sleeve friction,  
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7.0 FOOTING DESIGN PARAMETERS DISCUSSIONS 

 

The building is noted to be thirteen stories and have basement parking high and thus the column 

loads are anticipated to be very high. As rock was not encountered, the use of high-level footings 

such as pad / strip footings and raft slabs should be investigated. Alternatively, if deep footings are 

to be provided, then additional investigation may need to be undertaken to determine rock depth, 

as the material found in this investigation may be unsuitable in terms of sufficient strength to resist 

the large loads involved. 

 

Design parameters for the various options are provided below: 

 

7.1 High level Footings 

The preliminary drawings provided indicate the building will not have a basement. Strip / pad 

footings or raft slabs would therefore be founded in loose to medium dense sands, with highly 

variable SPT N=4-10 and CPT cone resistance outlined in Table 3. The groundwater table is variable.  

 

The allowable bearing capacity for footings a minimum 1.0m wide can be taken as 100kPa. 

Settlements of these footings can be estimated using elastic theory with a soil Young’s modulus of 

15MPa. 

 

7.2 Pile Footings 

Concrete cast in situ bored piles could be used, however the bored holes will not stay intact during 

excavation due to sandy nature of the subsoil and water table. Temporary or permanent casing 

would be needed to support the boreholes. 

 

Grout injected continuous flight auger (CFA) piles may be more appropriate for this site. 

 

Driven piles are not recommended due to vibration issues to surrounding buildings and the dense 

sand at depth will not allow sufficient pile embedment to develop full pile capacity. 

 

The design parameters for use of concrete piles into ground are presented below:  
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Table 5: Geotechnical Design Values – Pile Footings (non-displacement) 

Material Name Nominal 
Depth 

(m) 

Design SPT 
(N) 

Ultimate 
Bearing 
Capacity 

(kPa) 

Ultimate skin 
Friction 

Compression 
(kPa) 

Modulus of 
Elasticity 
Vertical 
(MPa) 

SAND, Loose 0-3 8 NA NA 10 

SAND, Medium  3-8 22 900 23 30 

SAND, Dense 8-15 39 1800 30 50 

CLAY, Firm / Stiff 15-25 NA 450 35 20 

 

7.3 Pile Design Parameter Notes: 

 

 

• A geotechnical strength reduction factor needs to be applied to the above values. Refer 

section 7.4 below. 

 

• Pile ultimate base bearing capacities are based on pile length / diameter being greater than 

4 and piles of a minimum 4.8m depth. Shallower depth bearing capacities are provided for 

completeness only and are not to be used for shallow foundations. 

 

• The depth to rock was unable to be determined in the boreholes and CPT’s. Should the 

design parameters above be insufficient for the applied loads, then further investigation will 

be required to determine the depth and strength of rock at the site. 

 

• The values in sand include allowance for the restraint offered by overburden. If the depth of 

overburden is reduced by inclusion of a basement, then the values will need to be reviewed. 

The minimum pile diameter assumed is 600mm to depths of 4.8m and 900mm for depths 

up to 15m. 
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7.4 Geotechnical Reduction factor 

 

In accordance with AS2159, a geotechnical reduction factor must be applied to the ultimate values 

presented in table 4. The selection of the strength reduction factor (ɸg) will be dependent on the 

specified pile testing. 

 

 

Based on the extent of the current investigation and uniformity of material encountered, a 

geotechnical strength reduction factor of ɸg=0.45 is recommended for the building footings as per 

the assessment requirement of AS 2159. A higher value may be applied if in place testing is 

undertaken. 

 

 

7.5 Construction Considerations – Footings 

 

Contractors should make their own assessment of drilling / excavation equipment required to 

penetrate the soil. Temporary or permanent casing will be required to support bored pile holes 

through sand layers. Contractors should make their own assessment as to the type of casing. 

 

We recommend that a suitably qualified experienced Geotechnical Engineer assess the pile 

foundations during construction to check that the ground conditions are as advised by this report. 

 

7.6 Temporary Piling Platforms 

 

Temporary working platforms to support piling cranes and ancillary construction plant are expected 

to be required. The design of the working platforms should account for the following: 

 

• The geometry and loadings of the proposed piling rig 

 

• The contractor’s construction methodology 

 

• Coordination with bulk excavation work 
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7.7 Retaining Wall Design parameters 

 

Retaining walls in medium dense sand should be designed for the below Rankine Method design 

parameters: 

 

a. Active Pressure coefficient: Ka=0.36 

 

b. At rest pressure coefficient: Ko=0.53 

 

c. Passive Pressure Coefficient: Kp=2.77 

 

d. Soil Density: 17 kN/m2. 

 

Retaining walls should be provided with free draining backfill and have suitable subsoil drainage 

systems so that hydrostatic pressure does not build up behind the walls. Due to the shallow water 

table and possible impact of flooding, allowance should be made for buoyancy and water pressure. 
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8.0 BASEMENT RETAINING WALL DESIGN PARAMETERS 

The final design of the basement must allow for groundwater levels and as such should be ‘tanked’ 

to prevent water ingress and designed to allow for the buoyancy forces. Dewatering may be required 

in accordance with a dewatering management plan.  

 

Retaining structures shall be designed by an engineer and constructed to in accordance with the 

following earth pressure coefficients and procedures. The lateral pressure coefficients given in Table 

6 are recommended for design.  

 

Table 6: Earth Pressure Coefficients (non sloping crest backfill) 

Material Name Unit 
Weight 
(kN/M3) 

Ka 

 
K0  Kp 

SAND, Loose 17 0.39 0.56 2.56 

SAND, Medium  18 0.36 0.53 2.77 

SAND, Dense 20 0.33 0.50 3.00 

CLAY, Firm / Stiff 16 0.56 0.72 1.76 

         Ko – at rest, Ka – active, Kp - passive 

 

• Ignore passive resistance (Kp) at the toe in the zone where future disturbance (e.g. service 

trenches) could occur. 

• Allowance should be made for surcharge loads (over and above the lateral earth pressure 

coefficients presented above)  

• Allowance should be made for wall loading caused by flooding or inundation, as appropriate. 

Such flooding may penetrate up to 0.75m depth (i.e. approximately 0.5Hs as defined in 

AS2870). 

• Due to fluctuating water table and shallow depth of groundwater, allowance for buoyancy 

should be considered in the basement design for the full basement wall height. 
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9.0 ACID SULPHATE SOIL ASSESSMENT 

The site is not mapped within Acid Sulphate Soil Risk or Acid Sulphate Soil Probability area (eSPADE). 

 

Three soil samples were collected for acid sulphate screening (Table 5) and chromium suite testing 

(Table 6). The ASSMAC (Acid Sulphate Soils Management Advisory Committee) guidelines indicate 

potential acid sulphate soils (PASS) include: 

 

• Soil pHfox < 3.5 in and drop of 1 pH unit or more between pHf and pHfox. 

 

The soil screening tests indicate the samples have pHfox >3.5 and a drop >1  pHfox  (Table 5). 

 

The chromium suite testing indicates the pHKCl and net acidity are low. The Queensland ASS Technical 

Manual, Soil Management Guidelines presents soil action criteria considering soil texture and soil 

mass to be disturbed. Action criteria for net acidity in sand is 18 Mol H+/tonne (Table 6).  

 

Table 7: Acid Sulphate Soil Screening Results  

Borehole No. 
Depth 

(m) 

Soil   

Type 
pHf pHfox pH change Reaction 

3 1.0 Sand 8.1 6.6 1.4 4 (extreme) 

3 2.0 Sand 6.7 4.0 2.6 1 (slight) 

3 3.0 Sand 5.1 4.0 1.1 1 (slight) 

Guideline / Action Criteria ≤4 <4 ≥1 - 

pHf – pH in water, pHfox – pH in hydrogen peroxide 
 

Table 8: Acid Sulphate Chromium Suite Results  

Borehole No. Depth (m) 
Soil   

Type 
pHKCl TAA SCR 

Net acidity 

(moles H+/T) 

3 1.0 Sand 9.2 <5 <5 <5 

3 2.0 Sand 7.3 <5 <5 <5 

3 3.0 Sand 6.3 <5 <5 6 

Guideline / Action Criteria - - - 18 

pHKCl – pH in KCl, TAA – Titratable actual acidity (moles H+/tonne), SCR – Chromium reducible sulphur (moles 
H+/tonne) 
 

The acid sulphate screening and chromium suite testing indicate the three samples are not 

considered acid sulphate soil. Additional screen testing is recommended when earthwork and 

disturbance volumes are known.   
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10.0 CONCLUSION 

The testing methods adopted are indicative of the site’s sub-surface conditions to the depths 

excavated and to specific sampling and/or testing locations in this investigation, and only at the time 

the work was carried out.   

 

 

The accuracy of geotechnical engineering advice provided in this report may be limited by 

unobserved variations in ground conditions across the site in areas between and beyond test 

locations and by any restrictions in the sampling and testing which was able to be carried out, as well 

as by the amount of data that could be collected given the project and site constraints.  

 

 

These factors may lead to the possibility that actual ground conditions and materials behaviour 

observed at the test locations may differ from those which may be encountered elsewhere on the 

site.   

 

 

If the sub-surface conditions are found to differ from those described in this report, we should be 

informed immediately to evaluate whether recommendations should be reviewed and amended if 

necessary. 
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GEOTECHNICAL INVESTIGATION GENERAL NOTES  

This report contains the results of a geotechnical investigation conducted for a specific purpose and client.  The results should not be used 

by other parties, or for other purposes, as they may contain neither adequate nor appropriate information.  In particular, the investigation 

does not cover contamination issues unless specifically required to do so by the client. 

TEST HOLE LOGGING  

The information on the test hole logs (boreholes, test pits, exposures etc.) is based on a visual and tactile assessment, except at the discrete 

locations where the test information is available (field and/or laboratory results).  The borehole logs include both factual data and inferred 

information.  Reference should be made to the relevant sheets for the explanation of logging procedures (Soil and Rock Descriptions, Core 

Log Sheet Notes etc). 

GROUNDWATER 

Unless otherwise indicated, the water levels presented on the borehole logs are the levels of free water or seepage in the bore hole recorded 

at the given time of measuring.  The actual groundwater level may differ from this recorded level depending on material permeability’s (i.e. 

depending on response time of the measuring instrument).  Further, variations of this level could occur with time due to such effects as 

seasonal, environmental and tidal fluctuations or construction activities.  Confirmation of groundwater levels, phreatic surfaces or piezometric 

pressures can only be made by appropriate instrumentation techniques and monitoring programmes. 

INTERPRETATION OF RESULTS 

The discussion or recommendations contained within this report normally are based on a site evaluation from discrete borehole area.  

Generalised, idealised or inferred subsurface conditions (including any geotechnical cross-sections) have been assumed or prepared by 

interpolation and/or extrapolation of these data.  As such these conditions are an interpretation and must be considered as a guide only. 

CHANGE IN CONDITIONS 

Local variations or anomalies in the generalised ground conditions do occur in the natural environment, particularly between discrete borehole 

locations.  Additionally, certain design or construction procedures may have been assumed in assessing the soil-structure interaction 

behaviour of the site.  Furthermore, conditions may change at the site from those encountered at the time of the geotechnical investigation 

through construction activities and constantly changing natural forces. 

Any change in design, in construction methods, or in ground conditions as noted during construction, from those assumed or reported should 

be referred to this firm for appropriate assessment and comment. 

GEOTECHNICAL VERIFICATION 

Verification of the geotechnical assumptions and/or model is an integral part of the design process – investigation, construction verification 

and performance monitoring.  Variability is a feature of the natural environment and, in many instances, verification of soil or rock quality, or 

foundation levels are required.  There may be a requirement to extend foundation depths to modify a foundation system or to conduct 

monitoring as a result of this natural variability.  Allowance for verification by geotechnical personnel accordingly should be recognised and 

programmed during construction.  

FOUNDATIONS 

Where referred to in the report, the soil or rock quality, or the recommendation depth of any foundation (piles, caissons footings etc.) is an 

engineering estimate.  The estimate is influenced and perhaps limited, by the fieldwork method and testing carried out in connection with the 

site investigation, and other pertinent information as has been made available.  The material quality and/or foundation depth remains, 

however, an estimate and therefore liable to variation.  Foundation drawings, designs and specifications should provide for variations in the 

final depth, depending upon the ground conditions at each point of support, and allow for geotechnical verification. 

REPRODUCTION OF REPORTS 

Where it is desired to reproduce the information contained in our geotechnical report, or other technical information, for the inclusion in 

contract documents or engineering specification of the subject development, such reproductions should include at least all of the relevant 

test hole and test data, together with the appropriate standard description sheets and remarks made in the written report of a factual or 

descriptive nature. 

Reports are the subject of copyright and shall not be reproduced either totally or in part without the express permission of this firm. 
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