GEOTECHNICAL SITE INVESTIGATION
Prepared by ASCGINorthern Rivers office, fafestermond Pty Ltd.

SUBJECT SITE
DP 601461 Lot 21, 70 Manifold Road, North Casino, NSW 2470.
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Northern Rivers
Lab: 70 Lancaster Drive, Goonellabah NSW 2480

(02) 6686 8567 ASCT l
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27" August2024

Ref No: H231027REV

Jestermond Pty Ltd

c/o- Newton Denny Chapelle
Suite 1/31 Carrington Street
Lismore NSW 2480

Dear Jestermond Pty Ltd,

Re: Proposed Residential Subdivision at DP 601461 Lot 21, 70 Manifold Road, North Casi24708ISW

Australian Soil and Concrete Testing Pty Ltd (ASCT) is pleased to present the coGpbé¢etinical Site
Investigationreport, in response to your request.

As per your commission, ASCT was tasked with investigation works appropriate to classification of the site in
accordance withAustralian Standard AZB70¢ Residential Slabs & Footingsd associated parameters
requisite to the proper design & construction of a structural footings system.

Details of our investigation process, the findings and results are contained within the body of this report.
However, please find below a summation of the investigation results;

Site Classification (AS 2870) Abnormal Site Class P
(requiring Professional engineering input)

Potential ProblemsEncountered Uncontrolled FillFlled Dam(See Section 6.0)

Characteristic Surface MovementdY 20 to40mm

Allowable Bearing Capacity 100 to 200 kPa

Groundwater Not Encountered
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1.0 Introduction & Understanding

The subject of this site investigation report is;
DP 601461 Lot 21, 70 Manifold Road, North Casino, NSW 2470.

It is our understanding thad large lot residential subdivisios proposedor the site. it is proposed to change
the town planning provisions applying to Lot 21 DP 601461 in the following way:

91 rezone the subject land from RWPrimary Production to R&Large Lot Residential in accordance with
the provisions of the Richmond Valley Local Environmental Plan 2012.
1 amend the minimum lot size for subdivision to enable a minimum lot size of 7 500@1he land to be
rezoned to R5.
I OOdzNF G S Ay F2NNI GAZ2Y NBII NRA yEi NHEKSH deNERE2 GoLINSRYYTIGQ | 207
of investigation.This report is preliminary, and it is recommended that additional/and or updated geotechnical
advice/testing be soughbllowing thefinal desig/building locationestablished

Information, including anecdotal evidence, provided by our client has been accepted as accurate & complete,
and incorporated into the investigation process as appropriate.

2.0 Desktop Study

ASCT maintains an extensive librarp@viousAS 2870 site classificatiarihis important resource is
consulted with every ASCT site investigatiand appropriate information has been employed during this
investigation.

A limited inspection of the availab&erialphotography provided nosignificant information regarding the site
history.

Inspection of soil mapping for the areBWEED HEADGeologicakeriesSheet SH 58 (1:250,000) predicts
soils of thelgsg Grafton Formatiororigin.

The site was determined to lie withfDlimatic Zone ,Jand therein have Bepth of design suction chanfie)
in the orderof 1.5m.

Having regard to the guidance provided within AS 2870, a val8eib$uction changé p LJC 0 Pi® Taraads ® H
(pF) was deemed appropriate for the site.

3.0 Field Work

Field workat the investigation site wasonducted by ASCT representat{iidV)on the 31 October2023.
These works included;

1 Recordingof all significant site features haviag effect on the sitelassification.

1 Recording the location, and/or physicakasuremens, of certain significarfeatures(e.g.:ASCT test
holes Tree heights, Slopes, Structures)

Digital photography.

A determination of theultimate bearing pressure exhibited by the site soils.

Excavation, and logging of one or more test holes.

An assessment of groundwater conditions.

The retrieval of one or more soil samples, for subsequent laboratory testing.

=A =4 =8 -8 -4
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3.1 Site Description

The site as found by ASCT on the day of the field work is described Bélotwand a gmple planof the site
areincluded in Appendix A.

The site is located in a rural aread has a total area of 9.683ha.

The sites surface slopgentlytowards thesouth west (Manifold Road).

Some tr@s and vegetation surrounding the site may affect the sites normal moisture conditions.
No significant water sources were observed.

Thesite contans an old dantbordering on proposed lots 4 and\Wwhich has been filled.

No outcropping of boulders is evident within the site.

At the time of investigation vehicle/drill rig access onto the site was easily achievable.

3.2 SubSurface Profile
Detailedborehole logs, in accordance with AS 1726 sectionae2included in Appendix A.

In essencgthe subsurface profile consists egactive residual soils (Sandy Silt, Clayey Silt and Silty Clays)
overlain by Extremely Weathered Rock (Xk¥dugh to thetarget investigation deptiof 2.5m.

ASCT experienced auger refusal at a depth of 1.2mr&hole 5 only.

A dam which borders proposed lots 4 and 5 has been filled. The dam exhibits uncontrolled fill materials and is
discussed in sectiod.0 of this report.

The site (excluding filled dam) exhibits soil stratum which ASCT have detetminedf natural origin.
The investigation results indicate that an essentiatip uniform subsurface profile existsaiossthe site.

The subsurface conditions encounterg@xcluding filled damare unlikely to hinder normal footing
construction.

3.3 Groundwater
No groundwater was encountered during the investigation figtutk.

While it is impossible to accurately prediature levels in a complex groundwater system, especially in a
limited investigation such as this, ASCT does not believe that groundwater will be an issue at this site.

CKS aAGsS O2ydlrAya a2YS RNIAYF3IS tAySa G2 O LI dzNS
areas (see figure 5, Appendix A).

3.4 Bearing Capacity

Where possible ASCT employs the results of AS 1289%@8/2amic Cone Penetrometer (DCP) testing, in the
assessment of bearing capacity. In such instances the results of the DCP testing are included on the borehole
logs, provided in Appendix Ather inputs, such as visual/tactile assessments and the use of portable
engineering equipment (e.g.: pocket penetrometer), also contribute to the overall assessment.
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Having allowance for the weakest state of foundation materials, during normal (natural) site conditions, we
havedetermined the allowable bearing capacif/natural groundacross the sitéexcluding filled damip be;

9 Natural Residual SoitsL00 to 2@ kPa. This is reasonable and likely to be adequate for the support of
a normal footings system.

1 NaturalUnderlying Extremely Weathered Rodl0 kPa. This isxcellentand likely to be adequate for
the support of a normal footings system.

As with all sites, the value of bearing capacity varies with depth. The design bearing capacity given above is
available within a zon6.3to 2.5m below the existing surface.

4.0LaboratorywWork

During the fieldwork phase disturbed soil sampgleere retrieved fromBoreholes1to 9, at a depth oD.5m.
The sample was submitted to our NATA accred@ednellabaHacility for testing, in accordance with;
AS 1289.3.1.2 Liquid Limit of a Soil (One point Casagrande)

Thislaboratorytesting produced results of;

Liquid Limit51%to 65%

5.0 Characteristic Surface Movement

Incorporating appropriate values ftine Climatic Zone, depth of design suction changg, @il suction

OKFy3S opLICUz f I (tSeNdicknesi®ackidyerXhy, dnd fRarofettiesieadhhlayer

(Instability Indexgl); We have calculated the expected volume change associated with natural changes in soil
Y2A&a0dz2NBZ FyR AGaQ STFFSOG G GKS &dzNFI OS 2F GKS &
The resultant valués known as theCharacteristic Surface Movemeit), and we have determined it to be in

the orderof 20 to 40mmin line with AS 2870 Site Cldds; Moderatelyw S OG A @S ¢ @

6.0 Site Problems

AS 2870 contains a list of potential problems that exclude a site from being classified under one of the
Wh2NXIFEQ OfFaaAiATAol A2y 3 thatdz®iksues dai ke @addiedsds] usihg & tailardd T A
solution, by a professional Engineer

Unfortunately, one or more of these potential problems were encountered at your site resulting in a
Of  aaAFAOLFGARZ2Y 2F W/ traa tQd 2KAES GKS LINRBofSYa Y
are listed here in the interests of clarity;

1 A dam onsite (bordering proposed lots 4 and 5) has been filled witbntrolled fll materials.Under
'{ HyTn aArAiGdSa O2yillAyAy3d NBFIOGAGBGS FAtt 3IANBIFGSN
engineering consideratiort is recommendedhat this uncontrolled fill materials not usedas
GAaAGNHZOGdzNF £ FAEf &€ {K2dz R | y& Fadhedzéectnidah { RA y 3 &
testing is required andll footing loads shll be founded into underlyingatural strata at the
responsibility/discretion of the design enginedrisalsothe responsibility of the desigengineerto
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factor anyvariation in characteristic surface movemetdtal settlement and differential settlement
due to long term consolidation dill materials.The filled dam area is suitable for wastewater deposal.

7.0 Earthworks, Site Preparation anwfficability

Any arthworksundertakenshould be carried out in a responsible manner in accordance with the relevant
parts of AS3798 2007. It is recommended that all earthworks be carried out under Level 1 inspection and
testing arrangements as detailed in clause 8.2 of AS2099.

Prior to the placement of any structural fill across the site, any topsoil, unsuitable, deleterious and organically
contaminated surface soils should be stripped to depths exposing competent ground. In addition, any tree
roots remaining from any clearingerations should be completely removed.

The stripped surface prior to filling should be tyned, moisture conditioned awcdmgacted to the minimum
density ratios detailed in AS 372807 of 95% Standard compaction for residential and 98% standard
compaction for commercial developments.

All bulk fill materials should be placed in layers of approximately 0.2m loose and be moisture conditioned
within the range of +2% of Optimum Moisture Content (OMC). Then compacted to the minimum density ratios
detailed in AS 3798007 of 95% Standard comagtion for residential developments and 98% standard
compaction for commercial developments.

Excluding any organic and deleterious materials, it is considered that the majority of materials won from
excavation on site will generally be suitable for reuse as bulk filling provided that moisture content of the soils
on placement approximates to the Optimum Moisture Content (OMC).

Where medium to high plasticity clays are proposed to baged as new structural filling materials in building

or pavement areas, it is recommended that the cohesive material be placed at depth and granular material or
weathered rock be placed close toet subgrade level. This will reduce the effects of seasonal moisture
changes and foundations soil reactivity and improve surface trafficability.

It is appropriate to maintain surface drainage conditions during earthworks and ensure that runoff water is
discharged away from the construction area to prevent any water ponding. Generally, clayey and silty
materials are susceptible to moisture changes.

8.0 Safe Batters

For the strata encountered, we recommend the following safe temporary and permanent batter angles for cut
batters up to 3.0m high:

Strata Temporary Permanent
Fill Materials and Natural Silts 30° 180
Natural Stiff to Hard Clayey Soils and Very Low Strength X.W. 450 27°
Rock

NOTE:Permanent batter slopes require adequate crest, toe drainages and batter slope protection against
erosion.

When using safe batters, the following should also be noted:

If steeper than recommended batters are proposed, it is also appropriate to engage a suitably qualified
geotechnical engineer for further advice.
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It is recommended that no surcharge loadings, including construction equipment, to be placed within distance
of 3.0m from the crest of a temporary cut batter.

Good site drainage is required in order to achieve the above angles, including the use of spoon drains etc tc
divert water away from the batters and to stop water cascading over the batters.

9.0 Excavations

Excavation of strata encountered within the depths of testing can be achieved with small to medium sized
plant such as backhoes or tracked excavators. Bulk excavation could be undertaken wigattmyeving

plant including scrapers.

10.0 Responsibilities

¢KS 1dzadNItALY {GFYRFENR ! { HFooting désigOdndizBriStéuctionfinGolvas a
number of steps: site classification, selection of the footings system, structural design, construction in
accordance with the required design details and construction methods, and proper maintenance. In particula
the owner has a responsibility to ensure the site is properly maintained and the Standard attempts to guide
owners in this area. ®

We draw your attentiorto this responsibilityand have provided a copy of the CSIROBYF & C2 dzy Rl (A 2
YIEAYOGSYlFyOS FyR C220Ay3 LISNEBIidtYob. V@ E¥asures suggesied ig tiieS NI
CSIRO guide asimple & cost effective, and we recommend that you observe them in consultation with your
designer.

We have taken every care to be to accurate, complete & objective in the execution of your commission.
Should you have any queries, or require further assistance, please do not hesitate to contact our office. This
report is your intellectual property and weill not provide it to any 8 party without your permission. May we
Ffaz2 NBALISOGTFdzZ te NBIdzSad GKFG AF @&2dz LINPPGARS GKA
entirety, to avoid any miscommunication.

Yours faithfully,
Australian Soil & Concrete Testing Pty Ltd

4l

Zar Harper
Engineeringseologist
BSqGeology
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COMMISSION OF SERVICES

This geotechnicalsiteda 8 SaaYSyid NBLRNI 64d4¢KS DS20SOKYyAOFt wSLERNIEO
commission set out in the contract or quote, or as otherwise agreed between the Customer and Australian Soil &
Concrete Testing P/L (ASCT). The commission may ballbyiterange of factors such as time, cost, accessibility or site
constraints and conditions.

RELIANCE ON INFORMATION PROVIDED

In preparing the report, ASCT has relied upon information provided, surveys, analyses, designs, plans and other
documentation provided by the customer or other individuals and organisations, most of which are referred to in
preparing the report. Except asherwise stated in the report, ASCT has not verified the accuracy or completeness of the
information provided to the extent that the statements, opinions, facts, information, conclusions and recommendations
in the report are based in whole or in part tire information provided. The recommendations and conclusions are
contingent upon the accuracy and completeness of the information provided. ASCT will not be liable in relation to
incorrect conclusions should apyovidedinformation or site condition be incorrect or have been concealed, withheld,
mis-represented or otherwise not fully disclosed to ASCT.

GEOTECHNICAL INVESTIGATION

Geotechnical site classification is based extensively on judgment and opinion. It is far less exact than other engineering

disciplines. Geotechnical lot classification reports are prepared to meet the specific needs of individuals. This seport wa
prepared expressly for the Customer and expressly for the purposes indicated. Use by any other persons for any purpose
or by the customer for a different purpose, may result in problems which ASCT cannot be responsible for. The Customer
should not use this remt for other than its intended purpose without seeking additional geotechnical advice.

THIS GEOTECHNICAL REPORT IS BASED ON SITE SPECIFIC FACTORS

This geotechnical report is based on a subsurface investigation which only identifies the conditions at the locations and
time when the investigation was undertaken. Unless further geotechnical advice is obtained this geotechnical report
cannot be used whethe nature of the site is changed or when the proposed development is modified for the site.

This geotechnical report cannot be applied to an adjacent site.Lithigations of Geotechnical Site Investigation

making an assessment of a site from a limited number of boreholes or test pits is the possibility that actual conditions
may vary from those identified at the investigation locations. The Site investigation identifies specific subsurface
conditions oty at those points from which samples have been taken. The investigation programme undertaken is used to
provide a general profile of the baurface condition. The information obtained from the site investigation and

subsequent laboratory testing is used to form a presumed opinion regarding the overall subsurface conditions and their
likely behaviour with regard to the proposed developmeiitie borehole logs are the subjective interpretation of the

limited site investigation and cannot always be definitive.

SUBSURFACE CONDITIONS ARE TIME DEPENDENT

A geotechnical report is based on conditions which existed at the time of site investigation. The subsurface conditions
may change due to natural forces or marade influences. Civil works at or adjacent to the site and natural events such
as floods or pundwater fluctuations may also affect subsurface conditions and the relevance of the geotechnical report.
The geotechnical report should therefore be regarded as preliminary and ASCT should be consulted if unexpected
conditions are encountered to detelime the impact on the recommendations of the report.
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SLOPE STABILITY
This report does not cover slope stability. If this is required, an independent assessment and investigation should be
undertaken by a qualifie@eotechnical Engineer.

AVOID MISINTERPRETATION

The geotechnical report may be misinterpreted by other design professionals. ASCT should be retained to explain
relevant geotechnical findings and to review the adequacy of plans and specifications and the implications to the report.
The geotechnical rapt should be maintained as a whole and should not be copied, divided or altered.

GEOTECHNICAL INVOLVEMENT DURING CONSTRUCTION

It is recommended that ASCT should be retained through the construction stage to confirm the actual subsurface
conditions are consistent with the geotechnical report. If variations are encountered additional tests may be required to
confirm conditions cormply with the design specifications and advise on changes to the construction if required.

REPORT FOR BENEFIT OF CUSTOMER

The geotechnical report has been prepared for the benefit of the customer and no other party. ASCT assumes no
responsibility and will not be liable to any other person or organisation for, or in relation to, any matter dealt with or
conclusion expressed the report. ASCT will not be responsible for any loss or damage suffered by any other person or
organisation arising from matters dealt with or conclusion expressed in the report (including, without limitation, matters
arising from any negligent act omission of ASCT or any loss or damage suffered by any other party relying upon the
matters dealt with or conclusions expressed in the report). Other parties should not rely upon the report or the accuracy
and completeness of any conclusions and shouléartaeir own enquiries and obtain independent advice in relation to
such matters.

OTHER LIMITATIONS
ASCT will not be liable to update or revise the report to take into account any events of emergent circumstances or facts
occurring or becoming apparent after the date of the report.
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APPENDIX ASite Phote, Ste Plan& Borehole Logs.

e Ja

Figure 1Typical vew of the site(lots 8 and 9 looking north).
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Figure 2: Typical view of the site (lot 7 looking east).
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Figure 3:Typical view of the site (lot 3 lookingortheast). Note:Filled dam visible in middle background of
photograph.
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Figure 4: Locality Plan

Figure 5: Preliminary Site Analysis.
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NOTE:

This preliminary layout has been completed in
accordance with the instructions provided by
Jestermond Pty Ltd.

In this respect preliminary desktop data has been used
to form this layout. The final layout is subject to the
completion of a detailed survey & engineering plans.
Accordingly, the conclusions reached within this report
may be modified by the author upon the completion of
the final design plans & site inspection. Newton Denny
Chapelle accepts no responsibility for any loss or
damage suffered, however 5o arising, to any person or
corporation who may use or rely on this report.
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Figure 6: Aerial imagef the site.
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Figure7: Planof the site, with ASCT test positions
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BOREHOLE LOG SHEET - 1

Client: Jestermond Pty Ltd c/o- Newton Deny Chapelle ASCT Ref No: H23-4027
Project: Lot 1 70 Manifold Road, North Casino Client Ref No: NA
Borehole Position:  See Site Sketch Drilling Method: Power Auger
Surface Elevation: Existing Surface Level Drill Bit:  100mm @ TC

Depth (m)| Graphic Group Soil Description (AS 1726) Consistency / Relative | DCP Blows / Test
Symbol Symbol Density / Rock Strength 100mm Sample

Cone Tip
CH Silty CLAY, NATURAL: brown, high plasticity, trace gravel, Firm 2
moist.

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
12
13
14
15
16
1.7
1.8
19
2.0
21
22
23
2.4
2.5
2.6
2.7
2.8
29
3.0
3.1
3.2
33
34
35
3.6
3.7
38
39
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

Stiff

CH Silty CLAY, NATURAL: brown mottled red, high Very Stiff
plasticity, trace gravel, moist.

DOV DO NN R WNW

6
Stopped

DRILLING TERMINATED: target depth reached.
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ASCT

BOREHOLE LOG SHEET

- 2

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 2 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.8
1.0
1.1
1.2
13
1.4
15
1.6
1.7 XW  |Clayey Sandy SILT: (extremely weathered rock),
1.8 red, medium plasticity, moist.

1.9
2.0
2.1
2.2
23
2.4
2.5 DRILLING TERMINATED: target depth reached.

MH Sandy SILT, NATURAL: brown, medium plasticity, trace
clay, moist.

CH Silty CLAY, NATURAL: brown, high plasticity, moist.

CH Silty CLAY, NATURAL: brown mottled red, high
plasticity, trace gravel, moist.

Very Stiff

Very Stiff

Very Stiff

Very Low

26
2.7
28
29
3.0
31
32
33
3.4
35
3.6
3.7
3.8
3.9
4.0
4.1
42
43
4.4
45
4.6
4.7
4.8
49
5.0

8

NN L O DN DN

Stopped
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ASCT

BOREHOLE LOG SHEET

- 3

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd c/o- Newton Deny Chapelle
Lot 3 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows /
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
13
1.4
1.5
1.6
1.7 Xw Clayey Sandy SILT: (extremely weathered rock),
18 red, medium plasticity, moist.

1.9
2.0
2.1
22
23
2.4
2.5 DRILLING TERMINATED: target depth reached.

MH Sandy SILT, NATURAL: brown, medium plasticity, trace
clay and gravel, moist.

CH Silty CLAY, NATURAL: red brown, high plasticity,
moist.

Stiff

Very Stiff

Very Stiff

Very Low

2.6
2.7
28
2.9
3.0
31
32
33
3.4
35
3.6
3.7
3.8
39
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

2

LS I ¥ I e W« = s B =) T T ) TR IRV I S VR R

5
Refusal
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ASCT

BOREHOLE LOG SHEET

- 4

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 4 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
12
13
14
15
16
1.7
1.8
19
2.0
21
22
23
2.4
2.5

CH Silty CLAY, NATURAL: brown, high plasticity, trace
gravel, moist.

CH Silty CLAY, NATURAL: red mottled grey, high
plasticity, trace gravel, moist.

DRILLING TERMINATED: target depth reached.

Firm

Stiff

Very Stiff

Very Stiff

26
2.7
28
29
3.0
31
32
33
3.4
35
3.6
3.7
3.8
3.9
4.0
4.1
42
43
4.4
45
4.6
4.7
4.8
49
5.0

2
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Northern Rivers

Lab: 70 Lancaster Drive, Goonellabah NSW 2480
(02) 6686 8567

office@asct.com.au

ASCT

BOREHOLE LOG SHEET

- 5

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 5 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.8
1.0 XW Silty GRAVEL, NATURAL: (extremely weathered rock),
11 pale brown, low plasticity, trace sand, dry.

1.2 DRILLING REFUSAL

MH Clayey SILT, NATURAL: brown, medium plasticity,
moist.

CH Silty CLAY, NATURAL: mottled brown/red, high
plasticity, moist.

Stiff

Very Stiff

Very Low

13
14
15
16
1.7
1.8
19
2.0
21
22
23
2.4
25
2.6
2.7
2.8
29
3.0
3.1
3.2
33
34
35
3.6
3.7
38
39
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

2

DD W W

=]

Refusal
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ASCT

BOREHOLE LOG SHEET

- 6

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 6 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
12
13
14
15
16
1.7
1.8
19
2.0
21
22
23
2.4
2.5

MH Clayey SILT, NATURAL: brown, medium plasticity, tarce
sand, moist.

CH Silty CLAY, NATURAL: brown mottled red, high
plasticity, moist.

DRILLING TERMINATED: target depth reached.

Stiff

Very Stiff

26
2.7
28
29
3.0
31
32
33
3.4
35
3.6
3.7
3.8
3.9
4.0
4.1
42
43
4.4
45
4.6
4.7
4.8
49
5.0

2
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5
Stopped
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Northern Rivers
Lab: 70 Lancaster Drive, Goonellabah NSW 2480

(02) 6686 8567 ASCT
office@asct.com.au

BOREHOLE LOG SHEET - 7

Client: Jestermond Pty Ltd c/o- Newton Deny Chapelle ASCT Ref No: H23-4027
Project: Lot 7 70 Manifold Road, North Casino Client Ref No: NA
Borehole Position:  See Site Sketch Drilling Method: Power Auger
Surface Elevation: Existing Surface Level Drill Bit:  100mm @ TC

Depth (m)| Graphic Group Soil Description (AS 1726) Consistency / Relative | DCP Blows / Test
Symbol Symbol Density / Rock Strength 100mm Sample

Cone Tip
CH Silty CLAY, NATURAL: brown, high plasticity, trace sand, 2
moist.

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
1.4
1.5
1.6
1.7
1.8
19 9

2.0 XW  |[Silty SAND, NATURAL: (extremley weathered rock), Very Low Refusal
21 brown, low plasticity, trace clay, moist.
2.2
23
2.4
2.5 DRILLING TERMINATED: target depth reached.
2.6
2.7
2.8
29
3.0
31
3.2
33
3.4
35
3.6
3.7
38
39
4.0
4.1
42
43
44
4.5
4.6
4.7
438
49
5.0

Stiff

Very Stiff

CH Silty CLAY, NATURAL: red mottled brown, high Very Stiff
plasticity, trace sand and gravel, moist.

O DDV W WM
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Northern Rivers

Lab: 70 Lancaster Drive, Goonellabah NSW 2480
(02) 6686 8567

office@asct.com.au

ASCT

BOREHOLE LOG SHEET

- 8

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 8 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0 SM Silty SAND, NATURAL: brown, low plasticity, trace clay,
0.1 moist.

0.2
03
0.4
0.5
0.6
0.7
0.8
0.8
1.0
1.1
1.2
13
1.4
15
1.6
1.7
1.8
19
2.0
2.1
2.2
23
24
25

CH Silty CLAY, NATURAL: brown, high plasticity, trace
gravel, moist.

DRILLING TERMINATED: target depth reached.

Loose

Very Stiff

26
2.7
28
29
3.0
31
32
33
3.4
35
3.6
3.7
3.8
3.9
4.0
4.1
42
43
4.4
45
4.6
4.7
4.8
49
5.0

3
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6
Stopped
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Northern Rivers

Lab: 70 Lancaster Drive, Goonellabah NSW 2480
(02) 6686 8567

office@asct.com.au

ASCT

BOREHOLE LOG SHEET

- 9

Client:

Project:

Borehole Position:
Surface Elevation:

Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Lot 9 70 Manifold Road, North Casino

See Site Sketch

Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA

Power Auger
100mm @ TC

Depth (m)| Graphic

Symbol

Group
Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [
100mm

Test
Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
12
13
14
15
16
1.7
1.8
19
2.0
21
22
23
2.4
2.5

MH Sandy SILT, NATURAL: brown, medium plasticity, trace
clay, moist.

CH Silty CLAY, NATURAL: brown, high plasticity, trace
cobble, moist.

DRILLING TERMINATED: target depth reached.

Stiff

Very Stiff

26
2.7
28
29
3.0
31
32
33
3.4
35
3.6
3.7
3.8
3.9
4.0
4.1
42
43
4.4
45
4.6
4.7
4.8
49
5.0

3
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6
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Northern Rivers

Lab: 70 Lancaster Drive, Goonellabah NSW 2480
(02) 6686 8567

office@asct.com.au

ASCT

DCP

- 1

Client: Jestermond Pty Ltd c/o- Newton Deny Chapelle
Project: 70 Manifold Road, North Casino
Borehole Position:  See Site Sketch
Surface Elevation: Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA
NA
NA

Depth (m)| Graphic Group
Symbol | Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows / Test

100mm Sample

Cone Tip

0.0
0.1
0.2
03
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
1.4
15
1.6
1.7
18
19
2.0
21
22
23
24
25
2.6
2.7
28
2.9
3.0
31
32
33
3.4
35
36
3.7
3.8
39
4.0
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0

Soft

Stiff

Hard

1

DW= N

10
16
Refusal
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Northern Rivers

Lab: 70 Lancaster Drive, Goonellabah NSW 2480
(02) 6686 8567

office@asct.com.au

ASCT

DCP

- 2

Client: Jestermond Pty Ltd ¢/o- Newton Deny Chapelle
Project: 70 Manifold Road, North Casino
Borehole Position:  See Site Sketch
Surface Elevation: Existing Surface Level

ASCT Ref No:
Client Ref No:
Drilling Method:
Drill Bit:

H23-4027
NA
NA
NA

Depth (m)| Graphic Group
Symbol | Symbol

Soil Description (AS 1726)

Consistency / Relative
Density / Rock Strength

DCP Blows [ Test
100mm Sample

Cone Tip

0.0
0.1
0.2
03
04
0.5
0.6
0.7
0.8
0.9
1.0
11
12
13
1.4
15
16
17
1.8
19
2.0
21
2.2
23
2.4
25
26
2.7
2.8
29
3.0
3.1
3.2
33
3.4
3.5
3.6
3.7
3.8
39
4.0
4.1
4.2
43
4.4
4.5
4.6
4.7
4.8
4.9
5.0

Soft

Stiff

Hard

1

DR WP PR R

16
Stopped
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ASCT

Foundation Maintenance

and Footing Performance:
A Homeowner’s Guide

PUBLISHING

BTF 18-2011
replaces
Information
Sheet 10/91

Buildings can and often do move. This movement can be up, down, lateral or rotational. The fundamental cause of movement in
buildings can usually be related to one or more problems in the foundation sail. It is important for the homeowner to identify the
soil type in order to ascertain the measures that should be put in place in order to ensure that problems in the foundation scil can

be prevented, thus protecting against building movement.

This Building Technology File is designed to identify causes of soil-related building movement, and to suggest methods of

prevention of resultant cracking in buildings.

Soil Types

The types of soils usually present under the topsoil in land zoned for
residential buildings can be split into two approximate groups —
granular and clay. Quite often, foundation soil is a mixture of both
types. The general problems associated with soils having granular
content are usually caused by erosion. Clay soils are subject to
saturation and swell/shrink problems.

Classifications for a given area can generally be obtained by
application to the local authority, but these are sometimes unreliable
and if there is doubr, a geotechnical report should be commissioned.
As most buildings suffering movement problems are founded on clay
soils, there is an emphasis on classification of soils according to the
amount of swell and shrinkage they experience with variations of
water content. The table below is Table 2.1 from AS 2870-2011, the
Residential Slab and Footing Code.

Causes of Movement

Settlement due to construction
There are two types of settlement that occur as a result of
construction:

* Immediate settlement occurs when a building is first placed

on its foundation soil, as a result of compaction of the soil under
the weight of the structure. The cohesive quality of clay soil
mitigates against this, but granular (particularly sandy) soil is
susceptible.

Consolidation settlement is a feature of clay soil and may take
place because of the expulsion of moisture from the soil or because
of the soil’s lack of resistance to local compressive or shear stresses.
This will usually take place during the first few months after
construction, but has been known to take many years in

exceptional cases.

These problems are the province of the builder and should be taken
into consideration as part of the preparation of the site for
construction. Building Technology File 19 (BTF 19) deals with these
problems.

Erosion

All soils are prone to erosion, but sandy soil is particularly susceptible
to being washed away. Even clay with a sand component of say 10%
or more can suffer from erosion.

Saturation

This is particularly a problem in clay soils. Saturation creates a bog-
like suspension of the soil that causes it to lose virtually all of its
bearing capacity. To a lesser degree, sand is affected by saturation
because saturated sand may undergo a reduction in volume,
particularly imported sand fill for bedding and blinding layers.
However, this usually occurs as immediate settlement and should
normally be the province of the builder.

Seasonal swelling and shrinkage of soil

All clays react to the presence of water by slowly absorbing it, making
the soil increase in volume (see table below). The degree of increase
varies considerably between different clays, as does the degree of
decrease during the subsequent drying out caused by fair weather
periods. Because of the low absorption and expulsion rate, this
phenomenon will not usually be noticeable unless there are
prolonged rainy or dry periods, usually of weeks or months,
depending on the land and soil characteristics.

The swelling of soil creates an upward force on the footings of the

building, and shrinkage creates subsidence that takes away the
support needed by the footing to retain equilibrium.

Shear failure

This phenomenon occurs when the foundation soil does not have
sufficient strength to support the weight of the footing. There are
WO major post-construction causes:

* Significant load increase.
* Reduction of lateral support of the soil under the footing due to
erosion or excavation.

In clay soil, shear failure can be caused by saturation of the soil
adjacent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class Foundation

A Most sand and rock sites with little or no ground movement from moisture changes

S Slightly reactive clay sites, which may experience only slight ground movement from moisture changes

M Moderately reactive clay or silt sites, which may experience moderate ground movement from moisture changes
H1 Highly reactive clay sites, which may experience high ground movement from moisture changes
H2 Highly reactive clay sites, which may experience very high ground movement from moisture changes

E Extremely reactive sites, which may experience extreme ground movement from moisture changes

Notes

1. Where controlled fill has been used, the site may be classified A to E according to the type of fill used.

2. Filled sites. Class P is used for sites which include soft fills, such as clay or silt or loose sands; landslip; mine subsidence; collapsing soils; soil subject to erosion;
reactive sites subject to abnormal moisture conditions or sites which cannot be classified otherwise.

3. Where deep-seated moisture changes exist on sites at depths of 3 m or greater, further classification is needed for Classes M to E (M-D, H1-D, H2-D and E-D).
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Tree root growth
Trees and shrubs that are allowed ro grow in the vicinity of footings
can cause foundation soil movement in two ways:

* Roots that grow under footings may increase in cross-sectional
size, exerting upward pressure on footings.

* Roots in the vicinity of footings will absorb much of the moisture
in the foundation soil, causing shrinkage or subsidence.

Unevenness of Movement

The types of ground movement described above usually occur
unevenly throughout the building’s foundation soil. Settlement due
to construction tends to be uneven because of:

¢ Differing compaction of foundation soil prior to construction.
¢ Differing moisture content of foundation soil prior to
construction.

Movement due to non-construction causes is usually more uneven
still. Erosion can undermine a footing that traverses the flow or can
create the conditions for shear failure by eroding soil adjacent to a
footing that runs in the same direction as the flow.

Saturation of clay foundation soil may occur where subfloor walls create
a dam that makes water pond. It can also occur wherever there is a
source of water near footings in clay soil. This leads to a severe
reduction in the strength of the soil which may create local shear failure.

Seasonal swelling and shrinkage of clay soil affects the perimeter of
the building first, then gradually spreads to the interior. The swelling
process will usually begin at the uphill extreme of the building, or on
the weather side where the land is flat. Swelling gradually reaches the
interior soil as absorption continues. Shrinkage usually begins where
the sun’s heat is greatest.

Effects of Uneven Soil Movement on Structures

Erosion and saturation

Erosion removes the support from under footings, tending to create
subsidence of the part of the structure under which it occurs.
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fail. Older masonry has little resistance. Evidence of
failure varies according to circumstances and symptoms may include:

* Step cracking in the mortar beds in the body of the wall or above/
below openings such as doors or windows.

* Vertical cracking in the bricks (usually but not necessarily in line
with the vertical beds or perpends).

Isolated piers affected by erosion or saturation of foundations will
eventually lose contact with the bearers they support and may tilt or
fall over. The floors that have lost this support will become bouncy,
sometimes rattling ornaments etc.

Seasonal swelling/shrinkage in clay

Swelling foundation soil due to rainy periods first lifts the most exposed
extremities of the footing system, then the remainder of the perimeter
footings while gradually permeating inside the building footprint to lift
internal footings. This swelling first tends to create a dish effect,
because the external footings are pushed higher than the internal ones.

The first noticeable symptom may be that the floor appears slightly
dished. This is often accompanied by some doors binding on the
floor or the door head, together with some cracking of cornice
mitres. In buildings with timber flooring supported by bearers and
joists, the floor can be bouncy. Externally there may be visible
dishing of the hip or ridge lines.

As the moisture absorption process completes its journey to the
innermost areas of the building, the internal footings will rise. If the
spread of moisture is roughly even, it may be that the symptoms will
temporarily disappear, but it is more likely that swelling will be
uneven, creating a difference rather than a disappearance in
symptoms. In buildings with timber flooring supported by bearers
and joists, the isolated piers will rise more easily than the strip
footings or piers under walls, creating noticeable doming of flooring.

As the weather pattern changes and the soil begins to dry out, the

external footings will be first affected, beginning with the locations
where the sun’s effect is strongest. This has the effect of lowering the

Trees can cause shrinkage and damage

Wall cracking
due fo uneven
looting settlement

external footings. The doming is accentuated and cracking reduces
or disappears where it occurred because of dishing, but other cracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways. In
areas where warm, wet summers and cooler dry winters prevail, water
migration tends to be toward the interior and doming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterior and the
underlying propensity is toward dishing.

Movement caused by tree roots

In general, growing roots will exert an upward pressure on footings,
whereas soil subject to drying because of tree or shrub roots will tend
to remove support from under footings by inducing shrinkage.

Complications caused by the structure itself

Most forces that the soil causes to be exerted on structures are
vertical — i.e. either up or down. However, because these forces are
seldom spread evenly around the footings, and because the building
resists uneven movement because of its rigidity, forces are exerted
from one part of the building to another. The net result of all these
forces is usually rotational. This resultant force often complicates the
diagnosis because the visible symptoms do not simply reflect the
original cause. A common symptom is binding of doors on the
vertical member of the frame.

Effects on full masonry structures

Brickwork will resist cracking where it can. It will attempt to span
areas that lose support because of subsided foundations or raised
points. It is therefore usual to see cracking at weak points, such as
openings for windows or doors.

In the event of construction settlement, cracking will usually remain
unchanged after the process of settlement has ceased.

With local shear or erosion, cracking will usually continue to develop
until the original cause has been remedied, or until the subsidence
has completely neutralised the affected portion of footing and the
structure has stabilised on other footings that remain effective.

In the case of swell/shrink effects, the brickwork will in some cases
return to its original position after completion of a cycle, however it
is more likely that the rotational effect will not be exactly reversed,
and it is also usual that brickwork will settle in its new position and
will resist the forces trying to return it to its original position. This
means that in a case where swelling takes place after construction
and cracking occurs, the cracking is likely to at least partly remain
after the shrink segment of the cycle is complete. Thus, each time the
cycle is repeated, the likelihood is that the cracking will become
wider until the sections of brickwork become virtually independent.

With repeated cycles, once the cracking is established, if there is no
other complication, it is normal for the incidence of cracking to
stabilise, as the building has the articulation it needs to cope with the
problem. This is by no means always the case, however, and monitoring
of cracks in walls and floors should always be treated seriously.

Upheaval caused by growth of tree roots under footings is not a
simple vertical shear stress. There is a tendency for the root to also
exert lateral forces that attempt to separate sections of brickwork
after initial cracking has occurred.
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