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Report on Geotechnical Stability Assessment
Proposed Subdivision
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst

1. Introduction

This report presents the results of a geotechnical stability assessment undertaken by Douglas
Partners Pty Ltd (DP) for Precinct 2 as part of the Edenbrook Estate development on Edenbrook
Drive, Parkhurst.

The geotechnical assessment was undertaken at the request of Hartecs Group Pty Ltd on behalf of
Edenbrook Developments in accordance with DP’s proposal 213255.00.P.001 dated 17 February
2022.

The aim of the assessment was to assess the stability of the proposed development in accordance
with the requirements of the Rockhampton Regional Council’'s (RCC) steep land overlay code. The
assessment comprised the review of regional geology, previous investigation results, historical aerial
photographs, and available online mapping; followed by a site walk-over inspection by a senior
geotechnical engineer, stability assessment and reporting.

This report must be read in conjunction with the notes entitled “About This Report” in Appendix A
along with any other attached explanatory notes and should be kept in its entirety without separation of
individual pages or sections.

2. Site Description and Proposed Development

The development site is described as Lot 255 on SP325466, which encompasses both the northern
and southern sides of Edenbrook Drive, Parkhurst (refer to Figure 1).

It is understood that the proposed residential development will comprise approximately 500 to 600
residential lots ranging in size. Supporting infrastructure will include subdivisional roads, water,
sewerage and stormwater.

It is further understood that the proposed earthworks for a portion of the overall site will consist of bulk
excavations up to approximately 7 m in height along the ridgeline and spurs, and filling up to
approximately 9 m in the low lying re-entrants between the spurs (refer to Figure 2); generally creating
relatively flat and level building platforms, some locally increasing up to approximately 15%. It is
anticipated that similar earthworks will be required for the remainder of the site.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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Figure 2: Proposed earthworks for a proportion of the overall site.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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3. Published Data

3.1 Regional Geology

Reference to the Geological Survey of Queensland’s 1:100,000 scale Rockhampton Region geological
map indicates the site is located in an area underlain by the Early Carboniferous aged Rockhampton

Group described as typically comprising “mudstone, siltstone, oolitic sandstone, and conglomerate,
oolitic and crinoidal limestone” with local folds dipping moderately to steeply to the east.

3.2 Topography

Reference to RCC’s online contour mapping, the site is dominated by two prominent topographical
features of high relief with a saddle connecting the two along the western part of the site. An elongated
spur runs off to the north, with a number of smaller moderately sloping (between 10° and 15°) spurs
running off to the north-east, to the east and to the south. A knoll is located atop of a spur towards the
eastern part of the site. Steep (between 15° and 20°) re-entrants are located between the spurs. The
site is also dominated by a second feature of high relief along the southern boundary of the site. As
the site extends to the north-east, it generally flattens out.

[\ig
Y

Samuel cr £

Figure 3: RRC Contour Mapping.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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3.3 Steep Land

RCC’s Steep Land Overlay identifies land with a slope of 15% or greater as being land potentially
susceptible to landslide. Reference to the steep land overlay map (Figure 4), typically the moderately
sloping side slopes of the spurs, and steeply sloping re-entrants are identified as steep land.

It should be noted that the steep land overlay map is a broad scale indication of the potential landslide
susceptibility based on topography alone, and does not consider other factors such as regional
geology or evidence of past instability.

#°

‘k?r\ } P ""_-/':,: : Ty,

Figure 4: RRC Steep Land Overlay.

3.4 Previous Investigations

The drill logs from previous drilling carried out by CQ Drilling and Blasting Pty Ltd were provided by the
client. The previous bores were typically drilled across the western part of the site. The drilling
conditions are generally described as being “soft” to between 0.5 m and 2.0 m depth. The “soft’
conditions are inferred to be typical of residual soils overlying extremely weathered material, with
conditions becoming harder with depth and penetration into less weathered and subsequently stronger
rock.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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3.5 Aerial Photographs

Aerial photographs from 1956 to present were reviewed to assess for evidence of significant past
instability.

The photos indicate no significant evidence of instability or changes in topography on the site.

4. Field Work

The field work was carried out on 16 March 2022 and comprised a walk-over inspection by a senior
geotechnical engineer from DP in order to make an appraisal of the general condition of the site in
regard to topography, drainage, vegetation cover, geology, erosion and slope stability.

During the site walk-over, topographical features specific to the site were noted, and ground slopes
were measured using a hand-held inclinometer.

The exposed conditions on site generally indicate shallow residual soils overlying weathered siltstone,
which is consistent with the above described geology and previous borehole drilling by others.

No obvious or significant scarps, naturally hummocky or visibly disturbed ground surface, or tension
cracks were observed; which would usually indicate the presence of local or global instability. Any
large trees on the slopes were also generally straight.

No signs of groundwater seepage (ie. surface ‘springs’) were observed at the time of inspection.
Surface water from the slopes appear to be naturally diverted towards the re-entrants and typically
drain to the north-east or south-west. Localised scour and erosion was noted in a drainage gully
located in the south-western corner of the site.

5. Comments
5.1 Slope Stability Risk Assessment

The terminology of the Australian Geomechanics Society (AGS) Practice Note Guidelines for
Landslide Risk Management 2007 has been used in the descriptions of hazards and the qualitative
assessment of likelihood, consequence and risk of slope instability. Terminology and risk matrix
tables from the AGS Practice Note Guidelines are included in Appendix B.

A qualitative assessment of the likelihood, consequence and risk has been carried out for the site,
based on the results of the site walk-over and experience in similar projects, provided that
development of the site is carried out in accordance with good engineering practice for hillside
developments and the recommendations within this report.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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Table 1: Slope Instability Risk Assessment to Property
Hazard Likelihood | Consequence Risk to Comments
to Property Property
Shallow failure in proposed “Unlikely” “Minor to “Low” The proposed fill is retained
fill or unsupported cuts Medium” by engineered designed
retaining walls, with long
batters no steeper than
2H:1V
Shallow rotational or “Unlikely” “Minor to “‘Low” The likelihood of a shallow
translational slide in residual Medium” failure through the residual
soils soils is considered unlikely
due to the overall strength of
these materials and no
evidence of previous
movement.
Deep rotational failure in “Rare” “Major” “Low The base geology is
residual soils or weathered generally not adversely
bedrock bedded or otherwise
structured to be prone to
deep instability.

Based on the results of the slope stability assessment, considering the geology of the site, relatively
shallow depth to rock and the lack of evidence of any previous landslips, the risk to property and to
properties adjacent to the site is considered to be “low”. The AGS Guidelines suggest that a low level
of risk is “usually acceptable” by regulators.

5.2 Geotechnical Constraints

The potential impacts on slope stability for the proposed development have been assessed, and the
measures recommended below in particular with reference to the AGS guidelines on hillside
constructions have been designed to mitigate those impacts.

5.2.1 Earthworks

Suitable unsurcharged temporary and permanent dry cut and fill batter slopes up to 3 m in height are
presented in Table 2. Advice should be sought from DP for batter slopes greater than 3 m in height.
Where groundwater seepage is encountered, batter slopes will need to be considerably flatter.

213255.00.R.001.RevA
May 2022

Geotechnical Stability Assessment, Proposed Subdivision
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Table 2: Batter Slopes (unsurcharged, up to 3 m in height)

Material Safe Batter Slope (H:V)
Short Term Long Term
Controlled fill*, residual soils 11 2:1
Weathered rock 1:1 1.5:1

Notes: * Depends on fill material type and level of compaction. Assumes clayey material compacted under ‘Level 1’ inspection
and testing to minimum dry density ratio of 95% for Standard compaction.

Temporary excavations up to 1.5 m in depth may remain near vertical for short periods of time,
provided that they remain dry at the time of construction and provided there are no loads, services,
structures or traffic located within a distance from the crest equal to the batter height.

The above batter slopes are suggested with respect to slope stability only and do not allow for lateral
stress relaxation which may result in movement of nearby in-ground services or shallow footings. If
such services or footings are settlement sensitive, then the excavation may have to be positively
supported.

Slopes may need to be flattened to 4H:1V or less, in order to allow vehicle access for maintenance of
the slopes. It is recommended that all batters incorporate crest and toe drainage. The batters should
also be covered with topsoil and vegetation (or similar) to provide long term erosion protection.

Long term cuts in very low strength (or stronger) rock is dependent upon the joint orientation within the
rock mass. The above batter slopes are contingent upon geotechnical inspections during construction
to verify that no adverse jointing and/or defects are present in the batter face. Steeper batters may be
possible with the inclusion of passive nails/dowels, anchors and surface protection, but would be
subject to detailed stability assessment.

It is recommended that where fill is to be placed over sloping ground, the slope should be benched to
allow for the fill to be 'keyed' into the existing slope. These procedures will provide for greater stability
of the fill and allow for adequate compaction to be achieved throughout the full depth of the fill. Filled
batters should also be overfilled and then cut back to the required design batter angle in order to
maximise compaction of the material in the batter faces.

Approved bulk fill should be placed in layers not exceeding 0.3 m ‘loose’ thickness, with each layer
compacted to a minimum dry density ratio of 95% relative to Standard compaction. Where fill has a
significant clay content, moisture content within the fill should be maintained within 2% of OMC during
and after compaction. The upper 0.3 m of pavement subgrade and unbound pavement gravels should
be compacted to a minimum dry density ratio of 100% relative to Standard compaction and to within
the same moisture content range as given above.

Care should be taken not to use over-wet clayey soils as this can lead to problems associated with
trafficability and workability. Clayey soils should also not be over-compacted (ie. not more than 102%
Standard) or placed too dry of OMC, as this can lead to future swelling and softening with changes to
moisture content or inundation from water.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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Field density testing should be carried out to confirm the standard of compaction has been achieved
and the placement moisture content. The frequency of testing should be carried out in accordance with
AS 3798 (2007) and distributed reasonably evenly throughout the full depth and area of filling.

Level 1 inspection and testing of filling must be undertaken where the fill is to support buildings or
pavements. It is also recommended that Level 1 inspection and testing be adopted for all trench
backfill greater than 1.5 m deep in areas to support buildings or pavements as settlement of deep
trench backfill can have significant impact on these works.

5.2.2 Retaining Walls

The design of flexible and rigid retaining walls could be undertaken using a triangular pressure
distribution and the earth pressure parameters given in Table 3. Flexible walls are those which are free
to rotate or tilt (such as cantilevered walls) and should be designed using an active (Ka) earth
pressure coefficient. Rigid walls are those which are restrained against rotation or tilt (ie. single
anchored/propped walls) and should be designed using the at-rest earth pressure (Ko).

Passive resistance (Kp) at the toe of the wall should be ignored in the zone where future disturbance
(eg. services trenches) could occur.

Table 3: Earth Pressure Coefficients (non-sloping crest backfill)

Material Unit Friction Active At Rest Passive
Weight Angle Ka Ko Kp
(kN/m?) | (degrees)
Controlled fill*, residual clay soils 19 26 0.40 0.55 2.5
Weathered rock 21 36 0.25 0.40 3.6
Notes: * Depends on fill material type and level of compaction. Assumes clayey material compacted under ‘Level 1’ inspection

and testing.

Allowance should be made for hydrostatic pressure build-up behind the retaining wall. It is
recommended that all retaining walls be drained for full height in order to minimise hydrostatic
pressure build-up behind the wall. Additional guidelines on wall drainage are provided in Appendix G
of AS 4678 (2002).

Allowance for surcharge loads and sloping crest should also be made as appropriate. The effect of
surcharge should be included by multiplying the vertical pressure developed by the surcharge by the
appropriate lateral earth pressure coefficient as given in Table 3.

Preference should be given to adopting thin soil layers and using small hand-controlled compaction
equipment during backfilling against retaining walls. This is in order to limit the stress applied to the
walls during construction. Should heavy compaction be required, then wall stresses will be well in
excess of Ko and temporary propping should be used.

Clayey backfill should not be placed too dry of optimum moisture content, as this can lead to increased
future swelling with changes to moisture content or inundation from water creating additional load on
the back of the wall.

213255.00.R.001.RevA
May 2022

Geotechnical Stability Assessment, Proposed Subdivision
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst
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It is recommended that factors of safety of 2 against overturning and sliding stability and 1.5 for global
stability, be adopted in the design of all retaining walls.

For limit state design methods, the ultimate parameters provided above in Table 3 will need to be
factored in accordance with AS 4678. Guidance on the selection of material strength partial factors is
provided in Section 5.2 of AS 4678 and is dependent upon the nature and state of the insitu soils.

5.2.3 Footing Design

Provided that earthworks is carried out in accordance with the recommendations in this report, it is
considered that high level pad and/or strip footings founded in either controlled fill, competent residual
soils or weathered rock may be adopted. Where the change in depth of fill is significant across a
building platform (especially where there is cut to fill), the potential for differential movements should
be noted, and if these are significant then piers through the fill and founding into natural should be
adopted.

Slabs supported on high level footings should be stiffened to suit the expected ground surface
movements due to potential soil reactivity. This should be confirmed following future site investigations
on individual lots as required for building design.

‘Pole’ type houses are generally preferred on moderate to steeply sloping lots (if any), unless the
buildings are benched into the hillslope.

Embedment required for retaining wall footings will be dependent on global stability checks as part of
the retaining wall design.

All footing excavations should be inspected and tested by an experienced geotechnical to confirm
bearing pressures prior to casting of concrete.

The above footing recommendations are considered to be the minimum requirements from a slope
stability viewpoint and final footing design details will be dependent upon the extent of earthworks,
proposed development loads and what is considered acceptable in terms of settlement and cost.

5.2.4 Drainage

For subdivisional works, all stormwater collected on site should be prevented from discharging directly
onto the slope or from ponding on the proposed building envelopes. All stormwater and surface water
is to be directed via an approved stormwater containment system in a controlled manner to
appropriate discharge points.

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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7. Limitations

Douglas Partners Pty Ltd (DP) has prepared this report for Precinct 2 as part of the Edenbrook Estate,
Edenbrook Drive, Parkhurst in accordance with DP’s proposal 213255.00.P.001 dated 17 February
2022. This report is provided for the exclusive use of Hartecs Group Pty Ltd and Edenbrook
Developments for this project only and for the purposes as described in the report. It should not be
used by or relied upon for other projects or purposes on the same or other site or by a third party. Any
party so relying upon this report beyond its exclusive use and purpose as stated above, and without
the express written consent of DP, does so entirely at its own risk and without recourse to DP for any
loss or damage. In preparing this report DP has necessarily relied upon information provided by the
client and/or their agents.

DP’s advice is based upon the conditions encountered during previous investigations and observed
during the site walk-over. The accuracy of the advice provided by DP in this report may be affected by
undetected variations in ground conditions across the site between and beyond the sampling and/or
testing locations. The advice may also be limited by budget constraints imposed by others or by site
accessibility.

The assessment of atypical safety hazards arising from this advice is restricted to the geotechnical
components set out in this report and based on known project conditions and stated design advice and
assumptions. While some recommendations for safe controls may be provided, detailed ‘safety in
design’ assessment is outside the current scope of this report and requires additional project data and
assessment.

This report must be read in conjunction with all of the attached and should be kept in its entirety
without separation of individual pages or sections. DP cannot be held responsible for interpretations
or conclusions made by others unless they are supported by an expressed statement, interpretation,
outcome or conclusion stated in this report.

This report, or sections from this report, should not be used as part of a specification for a project,
without review and agreement by DP. This is because this report has been written as advice and
opinion rather than instructions for construction.

Douglas Partners Pty Ltd

Geotechnical Stability Assessment, Proposed Subdivision 213255.00.R.001.RevA
Edenbrook Estate (Precinct 2), Edenbrook Drive, Parkhurst May 2022
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About this Report

Introduction

These notes have been provided to amplify DP's
report in regard to classification methods, field
procedures and the comments section. Not all are
necessarily relevant to all reports.

DP's reports are based on information gained from
limited subsurface excavations and sampling,
supplemented by knowledge of local geology and
experience.  For this reason, they must be
regarded as interpretive rather than factual
documents, limited to some extent by the scope of
information on which they rely.

Copyright

This report is the property of Douglas Partners Pty
Ltd. The report may only be used for the purpose
for which it was commissioned and in accordance
with the Conditions of Engagement for the
commission supplied at the time of proposal.
Unauthorised use of this report in any form
whatsoever is prohibited.

Borehole and Test Pit Logs

The borehole and test pit logs presented in this
report are an engineering and/or geological
interpretation of the subsurface conditions, and
their reliability will depend to some extent on
frequency of sampling and the method of drilling or
excavation. Ideally, continuous undisturbed
sampling or core drilling will provide the most
reliable assessment, but this is not always
practicable or possible to justify on economic
grounds. In any case the boreholes and test pits
represent only a very small sample of the total
subsurface profile.

Interpretation of the information and its application
to design and construction should therefore take
into account the spacing of boreholes or pits, the
frequency of sampling, and the possibility of other
than 'straight line' variations between the test
locations.

Groundwater

Where groundwater levels are measured in

boreholes there are several potential problems,

namely:

e In low permeability soils groundwater may
enter the hole very slowly or perhaps not at all
during the time the hole is left open;

e A localised, perched water table may lead to
an erroneous indication of the true water
table;

e Water table levels will vary from time to time
with seasons or recent weather changes.
They may not be the same at the time of
construction as are indicated in the report;
and

e The use of water or mud as a drilling fluid will
mask any groundwater inflow. Water has to
be blown out of the hole and drilling mud must
first be washed out of the hole if water
measurements are to be made.

More reliable measurements can be made by
installing standpipes which are read at intervals
over several days, or perhaps weeks for low
permeability soils. Piezometers, sealed in a
particular stratum, may be advisable in low
permeability soils or where there may be
interference from a perched water table.

Reports

The report has been prepared by qualified
personnel, is based on the information obtained
from field and laboratory testing, and has been
undertaken to current engineering standards of
interpretation and analysis. Where the report has
been prepared for a specific design proposal, the
information and interpretation may not be relevant
if the design proposal is changed. If this happens,
DP will be pleased to review the report and the
sufficiency of the investigation work.

Every care is taken with the report as it relates to
interpretation of subsurface conditions, discussion
of geotechnical and environmental aspects, and
recommendations or suggestions for design and
construction. However, DP cannot always
anticipate or assume responsibility for:

e Unexpected variations in ground conditions.
The potential for this will depend partly on
borehole or pit spacing and sampling
frequency;

e Changes in policy or interpretations of policy
by statutory authorities; or

e The actions of contractors responding to
commercial pressures.

If these occur, DP will be pleased to assist with

investigations or advice to resolve the matter.
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About this Report

Site Anomalies

In the event that conditions encountered on site
during construction appear to vary from those
which were expected from the information
contained in the report, DP requests that it be
immediately notified. Most problems are much
more readily resolved when conditions are
exposed rather than at some later stage, well after
the event.

Information for Contractual Purposes
Where information obtained from this report is
provided for tendering purposes, it is
recommended that all information, including the
written report and discussion, be made available.
In circumstances where the discussion or
comments section is not relevant to the contractual
situation, it may be appropriate to prepare a
specially edited document. DP would be pleased
to assist in this regard and/or to make additional
report copies available for contract purposes at a
nominal charge.

Site Inspection

The company will always be pleased to provide
engineering inspection services for geotechnical
and environmental aspects of work to which this
report is related. This could range from a site visit
to confirm that conditions exposed are as
expected, to full time engineering presence on
site.

July 2010
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007
APPENDIX C: — QUALITATIVE TERMINOLOGY FOR USE IN A SSESSING RISK TO PROPERTY (CONTINUED)

QUALITATIVE RISK ANALY SIS MATRIX — LEVEL OF RISK TO PROPERTY

LIKELIHOOD CONSEQUENCES TO PROPERTY (with Indicative Approximate Cost of Damage)
Indicative Value of 1. CATASTROPHIC 2: MAJOR 3: MEDIUM 4: MINOR 5:
Approximate Annual 200% 60% 20% 5% INSIGNIFICANT
Probability 0.5%
A ALMOST CERTAIN 10t H MorL (5)
B LIKELY 10?2 M L
c POSSIBLE 10° M VL
D UNLIKELY 10* L VL
E RARE 10° VL VL
F BARELY CREDIBLE 10° L VL VL VL VL

Notes (5) For Cell A5, may be subdivided such that assmuence of less than 0.1% is Low Risk.
(6) When considering a risk assessment it mustdagly stated whether it is for existing condisaor with risk control measures which may not bplemented at the current
time.

RISK LEVEL IMPLICATIONS

Risk Level Example Implications (7)

Unacceptable without treatment. Extensive detaiiedstigation and research, planning and impleat&nt of treatment
options essential to reduce risk to Low; may beepensive and not practical. Work likely to costre than value of the
property.

Unacceptable without treatment. Detailed invesitiga planning and implementation of treatment amsi required to reduce
risk to Low. Work would cost a substantial sunmétation to the value of the property.

H HIGH RISK

May be tolerated in certain circumstances (sulifecegulator’s approval) but requires investigatiplanning and
M MODERATE RISK implementation of treatment options to reduce ifleto Low. Treatment options to reduce to Lovk seould be
implemented as soon as practicable.

Usually acceptable to regulators. Where treatrasatbeen required to reduce the risk to this l@rmping maintenance is

L L MBI required.

VL VERY LOW RISK Acceptable. Manage by normal slope maintenanceepioes.

Note: (7) The implications for a particular situatiorean be determined by all parties to the risk asaest and may depend on the nature of the propenmgk; these are only
given as a general guide.
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007
APPENDIX C: LANDSLIDE RISK ASSESSMENT
QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK T O PROPERTY

QUALITATIVE MEASURES OF LIKELIHOOD

Approximate Annual Probability Implied Indicative Landslide Descrintion Descrintor Level
Indicative Notional Recurrence Interval P P
Value Boundary
10" 5x1C2 10 years The event is expected to occur over thiguldife. ALMOST CERTAIN A
2 X 20 years The event will probably occur under adverse coadiiover thd
10 100 years design life LIKELY B
S 200 years -
10° Sx1C . 1000 years 2000yvpar The event could occur under adversetammiover the design life.] POSSIBLE C
5x10 - ; ;
10* 10,000 years 32; env:?fr(let might occur under very adverse circunestgrover the UNLIKELY D
10° 5x10° 20,000 years =Tt ivable but only und fim@umstances
100,000 years e event is conceivable but only under exceptiairalimstances o \ o
5x10° 200.000 vea over the design life.
10° 1,000,000 years ' The event is inconceivable or fanciful over theigiedife. BARELY CREDIBLE

Note: (1) The table should be used from left to right; us@rgimate Annual Probability or Description to @agsDescriptor, notice versa

QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY

Approximate Cost of Damage
Indicative Notional Description Descriptor Level
Value Boundary
200% Struqure.(s) completely destroyed and/or I.argewiamag.e requiring major engineering works for CATASTROPHIC 1
100% StabI|IS?.tI0n. Could cause at least one adjaaqunty major consequence Qamage.l . __
Extensive damage to most of structure, and/or elitgrbeyond site boundaries requiring significant
60% o . . MAJOR 2
40% stabilisation works. Could cause at least onecadjgproperty medium consequence damage.
Moderate damage to some of structure, and/or gignif part of site requiring large stabilisationriu
20% Could I fr - d MEDIUM 3
10% ould cause at least one adjacent property minusequence damage. _ _
5% 1% Limited damage to part of structure, and/or pasite requiring some reinstatement stabilisationks. MINOR 4
0.5% thtI.e damage. (Note for high probgblllty e\(enﬂl(rJIbst Certain), this category may be subdivided at INSIGNIEICANT 5
notional boundary of 0.1%. See Risk Matrix.)

Notes: (2) The Approximate Cost of Damage is expressed ascem@ge of market value, being the cost of therawgd value of the unaffected property which ineleidhe land plus the
unaffected structures.

3) The Approximate Cost is to be an estimate of thectlicost of the damage, such as the cost of ad@ment of the damaged portion of the propertyd(lglos structures), stabilisation
works required to render the site to tolerable teskel for the landslide which has occurred andigssional design fees, and consequential costs asidbgal fees, temporary
accommodation. It does not include additionalifitattion works to address other landslides whicyraffect the property

4) The table should be used from left to right; us@rgimate Cost of Damage or Description to assigadbiptor, not vice versa
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

APPENDIX G - SOME GUIDELINESFOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ore

ADVICE

GEOTECHNICAL Obtain advice from a qualified, experienced geatesai practitioner at early Prepare detailed plan and start site works be
ASSESSMENT stage of planning and before site works. geotechnical advice.

PLANNING

SITE PLANNING

Having obtained geotechnical adviggan the development with the rig
arising from the identified hazards and consegueirceind.

k Plan development without regard for the Risk

DESIGN AND CONSTRUCTION

HOUSE DESIGN

Use flexible structures which incorporate propeigigned brickwork, timber|
or steel frames, timber or panel cladding.

Consider use of split levels.

Use decks for recreational areas where appropriate.

Floor plans which require extensive cutting &
filling.
Movement intolerant structures.

SITE CLEARING

Retain natural vegetation wherevexgticable.

Indiscriminately clear the site.

ACCESS & Satisfy requirements below for cuts, fills, retamiwalls and drainage. Excavate and fill for site access before
DRIVEWAYS Council specifications for grades may need to bdifieal. geotechnical advice.
Driveways and parking areas may need to be fulypsrted on piers.
EARTHWORKS Retain natural contours wherever possibl Indiscriminatory bulk earthworks.
Minimise depth. Large scale cuts and benching.
CuTs Support with engineered retaining walls or bateappropriate slope. Unsupported cuts.
Provide drainage measures and erosion control. Ignore drainage requirements
Minimise height. Loose or poorly compacted fill, which if it faild,
Strip vegetation and topsoil and key into natul@es prior to filling. may flow a considerable distance includifg
Use clean fill materials and compact to engineestagdards. onto property below.
FiLLS Batter to appropriate slope or support with engiegeetaining wall. Block natural drainage lines.
Provide surface drainage and appropriate subsudfaieage. Fill over existing vegetation and topsoil.
Include stumps, trees, vegetation, topspil,
boulders, building rubble etc in fill.
Rock OUTCROPS Remove or stabilise boulders which may have unaabéprisk. Disturb or undercut detached blocks Jor
& BOULDERS Support rock faces where necessary. boulders.
Engineer design to resist applied soil and watere Construct a structurally inadequate wall suchjas
RETAINING Foun_d on rock where practicab!e._ . _ sandstone flagging, brick or unreinforcgd
WALLS Provide subsurface drainage within wall backfillaaurface drainage on slopeblockwork.
above. Lack of subsurface drains and weepholes.
Construct wall as soon as possible after cut/fisration.
Found within rock where practicable. Found on topsoil, loose fill, detached bould¢rs
FOOTINGS Use rows of piers or strip footings oriented up dodn slope. or undercut cliffs.
Design for lateral creep pressures if necessary.
Backfill footing excavations to exclude ingressaofface water.
Engineer designed.
Support on piers to rock where practicable.
SWIMMING POOLS | Provide with under-drainage and gravity drain dukleere practicable.
Design for high soil pressures which may developiphill side whilst there|
may be little or no lateral support on downhillesid
DRAINAGE
Provide at tops of cut and fill slopes. Discharge at top of fills and cuts.
Discharge to street drainage or natural water esurs Allow water to pond on bench areas.
SURFACE Provide general falls to prevent blockage by sitatind incorporate silt traps.
Line to minimise infiltration and make flexible wieepossible.
Special structures to dissipate energy at chanfggee and/or direction.
Provide filter around subsurface drain. Discharge roof runoff into absorption trencheg.
U Provide drain behind retaining walls.
BSURFACE ; S . .
Use flexible pipelines with access for maintenance.
Prevent inflow of surface water.
= Usually requires pump-out or mains sewer systetnsoration trenches may Discharge sullage directly onto and into slopfs.
PTIC& Lo e ] . -
SULLAGE be possible in some areas if rlsk_ is acceptable. Use abs_orptl_on trenches without consideragon
Storage tanks should be water-tight and adequttehded. of landslide risk.
EROSION Control erosion as this may lead to instability. Failure to observe earthworks and draingge
CONTROL & Revegetate cleared area. recommendations when landscaping.
LANDSCAPING
DRAWINGSAND SITE VISITSDURING CONSTRUCTION
DRAWINGS Building Application drawings should beewed by geotechnical consultant
SITE VISITS Site Visits by consultant may be appiae during construction/

INSPECTION AND MAINTENANCE BY OWNER

OWNER'’S
RESPONSIBILITY

Clean drainage systems; repair broken joints inndrand leaks in suppl
pipes.
Where structural distress is evident see advice.

If seepage observed, determine causes or seeleamtviconsequences.
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

EXAMPLES OF GOOD HILLSIDE PRACTICE

Vegetation retained

Surface water interception drainage —
Watertight, adequately sited and founded I
roof water storage lanks (with due regard for
impact of potential leakage)

Flexible structure

Roof water piped off site or stored ————————

On-site detention tanks, watertight and
adequately founded. Potential leakage
managed by sub-soil drains =21

: . \ 2 e A " ' MANTLE OF SOIL AND ROCK
Vegetation retained Y R FRAGMENTS (COLLUVIUNM)
£ :

\. OFF STREET
| PARKING

' \ ' Pier footings inta rock

— Subsoil drainage may be
\ required in slope
\ Cutting and filling minimised in development

A

R Sewage effluent pumped out or connected to sewer.
\ Tanks adequately founded and watertight. Potential
"\ leakage managed by sub-soil drains

P \
\\ \\.
s Engineered retaining walls with both surface and

subsurface drainage (constructed before dwelling) (6 AGS (2006)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock topples
and travels downslope ——,

Vegetation removed ——

\
Discharges of roofwater soak Steep unsupporte: )
away rather than conducted off cut fails
site or to secure storage for re-use

Structure unable to tolerate _
settlement and cracks e : .

Poorly compacted fill setties . aa \
unevenly and cracks pool —————
Inadequate walling unable .
o support fill

Loose, saturated fill slides
and possibly flows downslope ——

Inadequately supporied cut fails —

Saturated ".II
slope fails — !
Vegetation | '
removed — |
[ |
Mud flow
OCGUrS _\_‘ - ———an
\ e =

Absence of subsoil drainage within fll
Sas Ponded water enters slope and activates landslide S
(E} AGS (2008)

' Possible travel downslope which impacis other development downhill See also AGS (2000) Appendix J
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