
Development Application tor BMN Prope,tiet Pty Ltd

Name of Applicant

Address of site 4 Forest Road, Warriewood NSW 2102

I,

GEOTECHNICAL RISK MANAGEMENT POLICY FOR PITTWATER
FORM NO. 1 - To be submitted with

Declaretion as
geotechnical

David Willows on behatf of Willows Engineering Consultants Pty Ltd

(lnsert Name) (Trading or Company Name)

on this the 9 December 2022 certify that I am a geotechnical engineer or engineering geologist or coastal
engineer as defined by the Geotechnical Risk Management Policy for Pittwater - 2OOg and I am authorised by the above

organisation/company to issue this document and to certify that the organisation/company has a cunent professional indemnity poliry of at
least $2million.
t:

Please mark appropriate box
A have prepared the detailed Geotechnical Report referenced below in accordance with the Australia Geomechanics Society's

LaMslide Risk Management Guidelines (AGS 2007) and the Geotechnical Risk Management Policy for PilTwater - 20O9

tr am willing to technically verify that the cletailed Geotechnical Report referenced below has been prepared in accordance with the
Australian Geomechanics Society's Landslide Risk Management Guidelines (AGS 2007) and the Geotechnical Risk Management
Policy for Pittwater - 2009

tr have examined the site and the proposed development in detail and have carried out a risk assessment in accordance with
Sec{ion 6.0 of the Geotechnical Risk Management Policy for Pittwater - 2009. I confirm that the results of the risk assessment for
the proposed development are in compliance with the Geotechnical Risk Management Policy for Pittwater - 2009 and further
detailed geotechnical reporting is not required for the subject site.

have examined the site and the proposed developmenualteration in detail and I am of the opinion that the Development
Application only involves Minor DevelopmenuAlteration that does not require a Geotechnical Report or Risk Assessment and
hence my Report is in accordance with the Geotechnical Risk Management Policy for Pittwater - 2009 requirements.

have examined the site and the proposed developmenyalleration is separate from and is not afiecled by a Geotechnical Hazard

and does not require a Geotechnical Report or Risk Assessment and hence my Report is in accordance with the Geotechnical
Risk Management Policy for Pittwater - 2009 requirements.

have provided the coastal process and coastal forces analysis for inclusion in the Geotechnical Report

I am aware the above for the ofa opment
Application for this site and will be relied on by Pittwater Council as the basis for ensuring that the Geotechnical Risk Management aspects of
the proposed development have been adequately addressed to achieve an "Acceptable Risk Management" level for the life of the structure,
taken as at least 100 years unless otheMise stated and justified in the Report and that reasonable and practical measures have been
identified to remove foreseeable risk 

turu ......?.H.*(h*

l.tame ... P.qYiC.Wi!|c.w1...........

Chartered Professional status. . .CP.EII9. (giYi!).. 
. . . .. .

Membership ruo. ...?117.1.Q9

companv..Wil!9Y:. E-tgi?.e-".ti.!9.9.9.ry911?!F. Pry. !9.....

tr

tr

tr

Report Date: 9 December 2022

Author: David Willows

Authof s Company/Organisation: Willows Engineering Consultants Pty Ltd

101 1)

Subdivision drawings by ACOR Consultants (ref NSW2l0416), Issue 2 dated29/11/22.

Preliminary Geotechnical Report by Alliance Geotechnical 1/08/2016 (ref 2406-GR-1 -1 )

P21 DCP Appendix 5 Page 21 Adopted: 15 Decembet 2014
ln Force From: 20 December 2014



WE  WILLOWS ENGINEERING 
FORENSIC    GEOTECHNICAL    REMEDIAL 

PO Box 6373 
Rouse Hill NSW 2155 
0427 197 575 
(02) 8824 3785 
willowsengineering.com.au 
ABN  93 641 840 128 

 

© Willows Engineering Consultants Pty Ltd 

 

 

 

 

Geotechnical Report for 

Proposed Residential Subdivision 

 

 

4 Forest Road, Warriewood NSW 2102 

 

 

BMN Properties Pty Ltd 

 

 

Report No. 2122010-R1 (Rev 01) 

9 December 2022 

 



Geotechnical Report for Proposed Residential Subdivision Report No. 2122010-R1 (Rev 01) 
4 Forest Road, Warriewood NSW 2102 9 December 2022 
 

© Willows Engineering Consultants Pty Ltd 

TABLE OF CONTENTS 

Page 

1. INTRODUCTION ................................................................................................................................................................................. 1 

2. SUPPLIED DOCUMENTS .................................................................................................................................................................. 1 

3. REGIONAL GEOLOGY ....................................................................................................................................................................... 2 

4. SITE DESCRIPTION ............................................................................................................................................................................. 2 

5. PROPOSED SUBDIVISION ............................................................................................................................................................... 3 

6. INTERPRETED GEOTECHNICAL MODEL .................................................................................................................................... 4 

7. GEOTECHNICAL INVESTIGATIONS ............................................................................................................................................. 4 

7.1. Subsurface Profile .................................................................................................................................................................... 4 

7.2. Groundwater Monitoring ..................................................................................................................................................... 5 

7.3. Dynamic Cone Penetrometer (DCP) Tests ..................................................................................................................... 5 

7.4. Laboratory Tests ....................................................................................................................................................................... 5 

8. RISK ASSESSMENT............................................................................................................................................................................. 5 

8.1. Geotechnical Hazards ............................................................................................................................................................ 6 

8.2. Risk to Property ........................................................................................................................................................................ 6 

8.3. Risk to Life .................................................................................................................................................................................. 7 

8.4. Risk Management .................................................................................................................................................................... 8 

9. RECOMMENDATIONS ...................................................................................................................................................................... 8 

10. LIMITATIONS ....................................................................................................................................................................................... 9 
 

 
APPENDIX 

Interpreted Geotechnical Model  

Willows Engineering Drawings No. 2122010-SK1 (plan), SK2 (section) and SK3 (hazards) 

Boreholes, test pits, groundwater monitoring and laboratory test results  

Extracts from Alliance Geotechnical report (ref: 2406-GR-1-1, 3/08/16) 

Extracts from Alliance Geotechnical reports (ref: 2406-GR-1-2, 26/05/17) 

Extracts from Jefferey and Katauskas report (ref: 19312VBrpt, 14/04/2005). 

Landslide Risk Management 

AGS 2007 risk assessment terminology and acceptance criteria (ref: AGS 2007c) 

AGS GeoGuide LR8 – Hillside Construction Practice 



Geotechnical Report for Proposed Residential Subdivision Report No. 2122010-R1 (Rev 01) 
4 Forest Road, Warriewood NSW 2102 9 December 2022 
 

© Willows Engineering Consultants Pty Ltd Page 1 

1. INTRODUCTION 

At the request of BMN Properties Pty Ltd (client), an inspection and geotechnical assessment was 
undertaken at 4 Forest Road, Warriewood (site) by Willows Engineering Consultants Pty Ltd 
(Willows Engineering).   

The purpose of the assessment was to provide geotechnical input for the civil engineering design 
and planning for construction of the proposed residential subdivision.  Previous geotechnical 
investigations have been undertaken at the site, including logs, groundwater and laboratory testing. 

This report includes commentary on the subsurface soil and bedrock conditions, performance of the 
existing site drainage systems and structures, with preliminary recommendations for design and 
construction for the subdivision.  In addition, geotechnical recommendations are provided for 
hillside construction risk management, drainage, earthworks, shoring, footings and retaining walls. 

No additional boreholes, test pits, on-site testing or laboratory testing were undertaken.  However, 
targeted investigations can be undertaken to confirm the inferred geotechnical model, subsurface 
conditions, groundwater levels and design input parameters. 

Willows Engineering carried out the following scope of work: 

 Walkover site inspection, review of proposed subdivision drawings and supplied documents. 

 Compile existing geotechnical data (borehole logs, test pits, lab testing, groundwater, etc.). 

 Prepare sketch drawings to illustrate the interpreted geotechnical model and hazards. 

 Discuss the civil engineering design and construction issues with ACOR Consultants. 

 Provide a preliminary risk assessment and recommendations in accordance with the  
“Practice Note Guidelines for Landslide Risk Management” (AGS 2007). 

The sketches in this report are indicative only.  It is envisaged that geotechnical engineering input 
will be provided during the civil and structural engineering design for the subdivision.  Geotechnical 
construction inspections will be required for review and certification of earthworks, fill compaction 
testing, excavation support, retaining walls, footings and drainage on the sloping land. 

2. SUPPLIED DOCUMENTS 

Willows Engineering was supplied with the following documents from previous geotechnical 
investigations and subdivision planning at the site: 

 Subdivision drawings by ACOR Consultants (ref: NSW210416), Issue 2 dated 29/11/22. 

 “Preliminary Geotechnical Report” by Alliance Geotechnical 3/08/2016 (ref: 2406-GR-1-1). 

 Geotechnical and Groundwater Investigation – Factual Report” by Alliance Geotechnical 
dated 26/05/2017 (ref: 2406-GR-1-2). 

 “Preliminary Geotechnical Assessment and Slope Stability Risk Assessment” report by 
Jefferey & Katauskas dated 14/04/2005 (ref: 19312VBrpt). 



Geotechnical Report for Proposed Residential Subdivision Report No. 2122010-R1 (Rev 01) 
4 Forest Road, Warriewood NSW 2102 9 December 2022 
 

© Willows Engineering Consultants Pty Ltd Page 2 

3. REGIONAL GEOLOGY 

The 1:100,000 Geological Map of Sydney (ref: Sheet 9130, 1983) indicates the bedrock underlying 
the site is Hawkesbury Sandstone (Rh), described as “medium to coarse grained quartz sandstone, 
very minor shale and laminite lenses.”  The underlying Newport Formation (Rnn) is shown close by 
on the map and described as “interbedded laminite, shale and quartz to lithic‐quartz sandstone.” 

Groundwater seepage is commonly encountered at the interface between these geological units, 
together with residual clay soils from in-situ weathering of the siltstone, laminite and shale bands.  
Colluvium and boulders may be present in the sloping land below this interface. 

An extract from the Sydney geology map is presented in Figure 1: 

 

Figure 1 – Extract from Sydney Geology Map 
 

4. SITE DESCRIPTION 

A general site description was provided in Section 2.3 of the Alliance Geotechnical report as follows: 

“The site comprises a relatively large parcel of land, located at the north‐western end  
of Forest Road.  The site is bounded on all sides by: 

 Hillview Crescent (to the north) and houses in Bert Close (to the north‐east). 

 A row of townhouses on No. 2 Forest Road (to the east). 

 Undeveloped bushland to the west (understood to include a bushfire 
protection zone). 

 Mater Maria Catholic College (to the south).” 
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An extract from the annotated aerial photo in Alliance Geotechnical report is presented in Figure 2: 

 

Figure 2 – Aerial Photo and surrounding properties 
(Extract from Alliance Geotechnical report) 

 

5. PROPOSED SUBDIVISION 

An extract from the supplied subdivision plan by ACOR Consultants is provided in Figure 3 below: 

 

Figure 3 – Subdivision layout plan  
(Extract from ACOR Consultants drawings) 
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6. INTERPRETED GEOTECHNICAL MODEL 

A plan with mapping was included in the 2005 geotechnical report by Jefferey and Katauskas.  This 
sketch plan has been reproduced as Drawing No. 2122010-SK1 in the Appendix.  The locations of 
the cross section and previous fieldwork investigations are indicated on the plan. 

The interpreted geotechnical model is presented on Drawing No. 2122010-SK2 in the Appendix. 

The subsurface conditions and features shown are based on the walkover site observations, review 
of geotechnical investigation data and experience with the regional geology.  The subdivision plan 
and other supplied documents were used to develop cross section drawings.  The subsurface soil 
and rock profile was inferred from the boreholes and test pit logs.  The drawings are ‘indicative 
only’ and provided for discussion. 

7. GEOTECHNICAL INVESTIGATIONS 

The previous geotechnical reports at the site (see Section 2) included results from fieldwork 
investigations in 2005, 2016 and 2017, including: 

 Borehole and test pit logs (soil and bedrock profile). 

 Dynamic Cone Penetrometer (DCP) test results. 

 Laboratory test reports (moisture content, plasticity index, CBR). 

 Groundwater level monitoring results. 

The fieldwork results by Alliance Geotechnical in 2016-2017 and Jefferey and Katauskas in 2005 are 
included in the Appendix. 

7.1. Subsurface Profile 

A summary table of the subsurface soil and bedrock profile, from the Alliance Geotechnical report 
in August 2016 is presented in Figure 4: 

 
Figure 4 – Summary of Subsurface Soil and Bedrock Profile  

(Extract from Alliance Geotechnical report - 3 August 2016) 
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7.2. Groundwater Monitoring 

The groundwater monitoring results from borehole level measurements in April to May 2017 are 
indicated in the extract in Figure 5: 

 
Figure 5 – Summary of Groundwater levels 

(Extract from Alliance Geotechnical report - 26 May 2017) 

7.3. Dynamic Cone Penetrometer (DCP) Tests 

The results of the Dynamic Cone Penetrometer (DCP) tests undertaken by Alliance Geotechnical are 
included as an extract in the Appendix.  The DCP results include a column to indicate approximate 
correlation of the data for typical geotechnical design parameters. 

7.4. Laboratory Tests 

The supplied geotechnical reports contain NATA registered laboratory results of site soil and 
bedrock samples.  The test reports presented by Alliance Geotechnical and Jefferey and Katauskas 
are included as extracts in the Appendix. 

8. RISK ASSESSMENT 

The AGS 2007 risk assessment process involves identification of the land stability hazards and 
assessment of the ‘likelihood’ and ‘consequences’ of the event(s) for the ‘elements at risk’. 

The ‘risk to property’ and ‘risk to life’ are determined for the hazards identified on the site and 
surrounding land, by probability calculations and engineering judgement based on the AGS 2007 
terminology and risk acceptance criteria (see attached AGS 2007 - Appendix C). 

The assessment of ‘risk to property’ and ‘risk to life’ is based on compliance with the geotechnical 
recommendations and risk management requirements during all stages of construction.  In this 
regard, attention is drawn to the AGS GeoGuide LR8 in the Appendix, which illustrates examples of 
‘good’ and ‘poor’ hillside construction practice.  

Risk management of sloping land development includes geotechnical issues associated with design 
and construction of drainage (surface water, groundwater, temporary and permanent), excavations, 
cut/fill earthworks, ground vibrations, testing of fill compaction for access roads and foundation 
bearing capacity to avoid differential settlement. 
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8.1. Geotechnical Hazards 

Drawing No. 2122010-SK3 is annotated to indicate the geotechnical hazards identified on the site 
and considered in the landslide risk assessment for the residential subdivision development. The 
hazards are described as follows: 

Hazard A Soil creep (fill and surface soils) 

Hazard B Landslides (small scale, near surface soils) 

Hazard C Landslides (large scale, deeper soil and weathered bedrock) 

Hazard D Rock falls or boulder movement 

 

8.2. Risk to Property 

For the purposes of the risk assessment, it is assumed that the recommendations in this report will 
be followed for the subdivision design and construction.  Geotechnical input is recommended for 
effective management of the short-term construction risks, with a civil/structural engineering design 
appropriate to ‘good hillside construction practice’ (AGS GeoGuide LR8). 

The ‘risk to property’ assessment is presented in Table 1. 

Table 1 – AGS Risk Assessment (Risk to Property) 

Site Area 

Geotechnical Hazards Risk to Property 

Hazard 
Type 

Element(s) 
at Risk 

Current Situation After Risk Management 

Likelihood Consequence Risk Likelihood Consequence Risk 

No. 4 Forest 
Road 

(Subdivision 
lots and 

access road) 

Hazard A 
Soil creep 

New lots, 
footings, access 
road, services 

Likely Minor Moderate Rare Minor Very Low 

Hazard B 
Landslide 
(shallow) 

Existing 
structures, new 
lots and road 

Unlikely Medium Low Rare Medium Low 

Hazard C 
Landslide 

(deep) 

Existing 
structures, new 
lots and road 

Rare Major Low 
Barely 

Credible 
Major Very Low 

Hazard D 
Rock fall or 
boulder roll 

Structures on 
lots, access road 

and vehicles 
Rare Medium Low 

Barely 
Credible 

Medium Very Low 

As indicated in Table 1, the ‘risk to property’ has been assessed as: 

 ‘Low to Moderate’ for the current situation. 

 ‘Low to Very Low’ after risk management as recommended in this report.  

As such, the geotechnical hazards on the site and surrounding land can be managed to maintain a 
‘Low’ or ‘Very Low’ level of ‘risk to property’ by following the recommendations in this report. 
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8.3. Risk to Life 

The AGS 2007 guidelines provide the following equation to be used for ‘risk to life’ calculations: 

R(LoL) = P(H) x P(S:H) x P(T:S) x V(D:T) 
Where: 

R(LoL) is the annual probability of loss of life (death) of an individual. 

P(H) is the annual probability of the landslide. 

P(S:H) is the probability of spatial impact of the landslide impacting a building (location) 
taking into account the travel distance and travel direction given the event. 

P(T:S) is the temporal spatial probability (e.g. of the building or location being occupied by 
the individual) given the spatial impact and allowing for the possibility of evacuation 
given there is warning of the landslide occurrence. 

V(D:T) is the vulnerability of the individual (probability of loss of life given the impact). 

The risk acceptance criteria, terminology and indicative annual probability terms are set out in the 
AGS 2007 risk tables (attached). 

The geotechnical hazards with potential to pose a risk to person/s have been considered in the 
calculations to assess the ‘risk to life’.  These are Hazard C - landslides (deep) and Hazard D - rock 
falls.  The other hazards are assessed to only affect structures. 

The ‘risk to life’ calculations have been considered for the current situation and during construction 
of stabilisation works.  After completion of the drainage systems and engineered retaining walls for 
the proposed subdivision, the ‘risk to life’ will be further reduced. 

The selected values for annual probability (i.e. P(H) in the ‘risk to life’ equation) are the indicative 
values for the worst case ‘likelihood’ terms in the ‘risk to property’ assessment (Table 1).  The 
remaining probability terms (i.e. P(S:H), P(T:S) and V(D:T)) used in the calculations are determined by 
selecting values for the probability terms in each scenario based on experience with the geological 
setting, interpreted geotechnical model and engineering judgement. 

The ‘risk to life’ assessment for the ‘current situation’ and ‘after risk management’ are in Table 2: 

Table 2 – Risk to Life Calculations 

Hazard 
Current Situation After Risk Management 

P(H) P(S:H) P(T:S) V(D:T) R(LoL) P(H) P(S:H) P(T:S) V(D:T) R(LoL) 

Hazard C 
Landslides (deep) 

1 x 10-5 0.2 0.2 0.4 1.6 x 10-7 1 x 10-6 0.2 0.2 0.2 8 x 10-9 

Hazard D 
Rock falls 

1 x 10-5 0.1 0.1 0.5 5 x 10-8 1 x 10-6 0.1 0.3 0.2 6 x 10-9 

Note: The probability terms in Table 2 have been estimated by engineering judgement, based on experience with risk 
assessment calculations, hillside building developments, stabilisation works and construction risk management. 
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Based on the quantitative ‘risk to life’ calculations for the site ‘after risk management’ as set out in 
Table 2, it is noted that: 

 The probability of loss of life for the individual most at risk is less than 1 x 10-6 per annum, 
which is an ‘Acceptable’ risk level as described in the AGS 2007 guidelines. 

 The site geotechnical hazards must be managed during construction by implementing the 
recommendations in this report under review by geotechnical and structural engineers. 

 The short-term risks associated with the construction works are expected to be the most 
critical for consideration in the ‘risk to life’ assessment. 

 Construction workers are expected to be the person/s most at risk both in the current 
situation and during the construction of site access and building stabilisation works. 

 A staged construction approach and use of a ‘Safe Work Method Statement’ may be 
required to maintain ‘Low’ and ‘Acceptable’ risk levels during the works. 

8.4. Risk Management 

The actions to be taken for geotechnical risk management include: 

 Temporary drainage (diversion of surface water) around structures and work areas. 

 Temporary construction benching and battering of earthworks, to maintain slope stability. 

 Retaining walls for permanent support and temporary shoring (if required). 

 Footings founded on consistent bedrock strata, verified by geotechnical engineer. 

 Geotechnical inspection(s) to assess excavation stability, support systems and footings. 

 Permanent drainage (both surface and subsoil drainage). 

 

9. RECOMMENDATIONS 

It is recommended that: 

1. The project structural engineer and hydraulic engineer develop the engineering design 
drawings and draft construction specification for the proposed subdivision. 

2. After approval by Council, the engineering design documentation be prepared, including 
calculations, drawings, construction specifications, with indications of work methods and 
stages, temporary works, drainage and construction access. 

3. The engineering drawings and specification be provided to the project geotechnical 
engineer, for review prior to construction, to advise on short-term risk management and 
geotechnical inspection hold points. 

4. Design and construction of the subdivision development be undertaken by following the 
geotechnical risk management actions described in this report. 
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10. LIMITATIONS 

This preliminary geotechnical report has been prepared for the client (BMN Properties Pty Ltd), for 
the purposes described in the introduction.  The interpreted subsurface conditions and hazards 
were assessed based on observations, review of the previous geotechnical investigation reports and 
by experience with the “Practice Note Guidelines for Landside Risk Management” by the Australian 
Geomechanics Society (AGS 2007). 

It has been assumed that the engineering design and construction documentation will be prepared 
by qualified civil and structural engineers as per the recommendations in this report, together with 
construction review by the project geotechnical engineer. 

It is envisaged that an updated AGS 2007 risk assessment will be undertaken when the engineering 
design is available, to assess the construction stages for project and provide recommendations to 
achieve ‘Acceptable’ risk levels. 

If you would like to discuss this report, please contact the undersigned. 

Regards 

 

 
 
David Willows 
BE(Hons), CPEng(Civil), MIEAust, NER, A.CIRCEA 
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Site Plan – Section Location and Geotechnical Mapping 
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Location: 4 Forest Road, Warriewood NSW 2102 Date: 9/12/2022  

Client: BMN Properties Pty Ltd Report No. 2122010-R1 (Rev 01) 
 

Note:  Base survey plan prepared by Mudge Property Services Pty Ltd (4/08/2000).  Sketch mapping by Jefferey and Katauskas Pty Ltd 
(ref: 19312VB, 14/04/2005).  Section location and annotations by Willows Engineering (refer to Drawings No. 2122010-SK2 and SK3).  INDICATIVE ONLY - FOR DISCUSSION 
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Section 1 – Interpreted Geotechnical Model 

Project: Geotechnical Report for Proposed Residential Subdivision Drawing No. 2122010-SK2 

Location: 4 Forest Road, Warriewood NSW 2102 Date: 9/12/2022  

Client: BMN Properties Pty Ltd Report No. 2122010-R1 (Rev 01) 
 

Note:  Section sketch by Willows Engineering (refer to Drawing No. 2122010-SK1 site plan for location).  
INDICATIVE ONLY - FOR DISCUSSION 
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Section 1 – Geotechnical Hazards for Proposed Development 

Project: Preliminary Geotechnical Report for Residential Subdivision Drawing No. 2122010-SK3 

Location: 4 Forest Road, Warriewood NSW 2102 Date: 9/12/2022  

Client: BMN Properties Pty Ltd Report No. 2122010-R1 (Rev 01) 
 

Note:  Section sketch by Willows Engineering (refer to Drawing No. 2122010-SK1 site plan for location).  
INDICATIVE ONLY - FOR DISCUSSION 
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007 

APPENDIX C:  LANDSLIDE RISK ASSESSMENT 

QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY 

 

QUALITATIVE MEASURES OF LIKELIHOOD 

Approximate Annual Probability 

Indicative  

Value 

Notional 

Boundary 

Implied Indicative Landslide 

Recurrence Interval 
Description Descriptor Level 

10-1 10 years The event is expected to occur over the design life. ALMOST CERTAIN A 

10-2 100 years 
The event will probably occur under adverse conditions over the 

design life. 
LIKELY B 

10-3  1000 years The event could occur under adverse conditions over the design life. POSSIBLE C 

10-4  10,000 years 
The event might occur under very adverse circumstances over the 

design life. 
UNLIKELY D 

10-5  

100,000 years 
The event is conceivable but only under exceptional circumstances 

over the design life. 
RARE E 

10-6  

 

1,000,000 years 

 

The event is inconceivable or fanciful over the design life. BARELY CREDIBLE F 

5x10-2  20 years 

5x10-3  200 years 

2000 years5x10-4   

20,000 years 5x10-5 

5x10-6   200,000 years

Note: (1) The table should be used from left to right; use Approximate Annual Probability or Description to assign Descriptor, not vice versa. 

 

QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY 

Approximate Cost of Damage 

Indicative 

Value 

Notional  

Boundary 

Description Descriptor Level 

200% 
Structure(s) completely destroyed and/or large scale damage requiring major engineering works for 

stabilisation.  Could cause at least one adjacent property major consequence damage. 
CATASTROPHIC 1 

60%  
Extensive damage to most of structure, and/or extending beyond site boundaries requiring significant 

stabilisation works.  Could cause at least one adjacent property medium consequence damage. 
MAJOR 2 

20% 
Moderate damage to some of structure, and/or significant part of site requiring large stabilisation works.  

Could cause at least one adjacent property minor consequence damage. 
MEDIUM 3 

5% Limited damage to part of structure, and/or part of site requiring some reinstatement stabilisation works. MINOR 4 

0.5% 

 

Little damage.  (Note for high probability event (Almost Certain), this category may be subdivided at a 

notional boundary of 0.1%.  See Risk Matrix.) 
INSIGNIFICANT 5 

100% 

40% 

10% 
        1% 

Notes: (2) The Approximate Cost of Damage is expressed as a percentage of market value, being the cost of the improved value of the unaffected property which includes the land plus the 

unaffected structures. 

(3) The Approximate Cost is to be an estimate of the direct cost of the damage, such as the cost of reinstatement of the damaged portion of the property (land plus structures), stabilisation 

works required to render the site to tolerable risk level for the landslide which has occurred and professional design fees, and consequential costs such as legal fees, temporary 

accommodation.  It does not include additional stabilisation works to address other landslides which may affect the property. 

 (4) The table should be used from left to right; use Approximate Cost of Damage or Description to assign Descriptor, not vice versa 
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007 

APPENDIX C:  – QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY (CONTINUED) 

 

QUALITATIVE RISK ANALYSIS MATRIX – LEVEL OF RISK TO PROPERTY  

LIKELIHOOD CONSEQUENCES TO PROPERTY  (With Indicative Approximate Cost of Damage) 

 Indicative Value of 

Approximate Annual 

Probability 

1:  CATASTROPHIC 

200% 

2:  MAJOR 

60% 

3:  MEDIUM 

20% 

4:  MINOR 

5% 

5:  

INSIGNIFICANT 

0.5% 

A – ALMOST CERTAIN 10-1 VH VH VH H M or L (5) 

B - LIKELY 10-2 VH VH H M L 

C - POSSIBLE 10-3 VH H M M VL 

D - UNLIKELY 10-4 H M L L VL 

E - RARE 10-5 M L L VL VL 

F - BARELY CREDIBLE 10-6
L VL VL VL VL 

Notes: (5) For Cell A5, may be subdivided such that a consequence of less than 0.1% is Low Risk. 

 (6) When considering a risk assessment it must be clearly stated whether it is for existing conditions or with risk control measures which may not be implemented at the current 

time. 

 

RISK LEVEL IMPLICATIONS 

Risk Level Example Implications (7) 

VH VERY HIGH RISK 

Unacceptable without treatment.  Extensive detailed investigation and research, planning and implementation of treatment 

options essential to reduce risk to Low; may be too expensive and not practical.  Work likely to cost more than value of the 

property. 

H HIGH RISK 
Unacceptable without treatment.  Detailed investigation, planning and implementation of treatment options required to reduce 

risk to Low.  Work would cost a substantial sum in relation to the value of the property. 

M MODERATE RISK 

May be tolerated in certain circumstances (subject to regulator’s approval) but requires investigation, planning and 

implementation of treatment options to reduce the risk to Low.  Treatment options to reduce to Low risk should be 

implemented as soon as practicable. 

L LOW RISK 
Usually acceptable to regulators.  Where treatment has been required to reduce the risk to this level, ongoing maintenance is 

required. 

VL VERY LOW RISK 
Acceptable.  Manage by normal slope maintenance procedures. 

Note: (7) The implications for a particular situation are to be determined by all parties to the risk assessment and may depend on the nature of the property at risk; these are only 

given as a general guide. 
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AUSTRALIAN GEOGUIDE LR8 (CONSTRUCTION PRACTICE) 

HILLSIDE CONSTRUCTION PRACTICE 

Sensible development practices are required when building on hillsides, particularly if the hillside has more than a low 
risk of instability (GeoGuide LR7).  Only building techniques intended to maintain, or reduce, the overall level of landslide 
risk should be considered.  Examples of good hillside construction practice are illustrated below. 

 

 
 

WHY ARE THESE PRACTICES GOOD?  

Roadways and parking areas - are paved and incorporate kerbs which prevent water discharging straight into the 
hillside (GeoGuide LR5). 

Cuttings - are supported by retaining walls (GeoGuide LR6). 

Retaining walls - are engineer designed to withstand the lateral earth pressures and surcharges expected, and include 
drains to prevent water pressures developing in the backfill.  Where the ground slopes steeply down towards the high 
side of a retaining wall, the disturbing force (see GeoGuide LR6) can be two or more times that in level ground.  
Retaining walls must be designed taking these forces into account. 

Sewage - whether treated or not is either taken away in pipes or contained in properly founded tanks so it cannot soak 
into the ground.   

Surface water - from roofs and other hard surfaces is piped away to a suitable discharge point rather than being allowed 
to infiltrate into the ground.  Preferably, the discharge point will be in a natural creek where ground water exits, rather 
than enters, the ground.  Shallow, lined, drains on the surface can fulfil the same purpose (GeoGuide LR5).  

Surface loads - are minimised.  No fill embankments have been built. The house is a lightweight structure.  Foundation 
loads have been taken down below the level at which a landslide is likely to occur and, preferably, to rock. This sort of 
construction is probably not applicable to soil slopes (GeoGuide LR3).  If you are uncertain whether your site has rock 
near the surface, or is essentially a soil slope, you should engage a geotechnical practitioner to find out.  

Flexible structures - have been used because they can tolerate a certain amount of movement with minimal signs of 
distress and maintain their functionality.  

Vegetation clearance - on soil slopes has been kept to a reasonable minimum.  Trees, and to a lesser extent smaller 
vegetation, take large quantities of water out of the ground every day.  This lowers the ground water table, which in turn 
helps to maintain the stability of the slope.  Large scale clearing can result in a rise in water table with a consequent 
increase in the likelihood of a landslide (GeoGuide LR5).  An exception may have to be made to this rule on steep rock 
slopes where trees have little effect on the water table, but their roots pose a landslide hazard by dislodging boulders.   

Possible effects of ignoring good construction practices are illustrated on page 2.  Unfortunately, these poor construction 
practices are not as unusual as you might think and are often chosen because, on the face of it, they will save the 
developer, or owner, money.  You should not lose sight of the fact that the cost and anguish associated with any one of 
the disasters illustrated, is likely to more than wipe out any apparent savings at the outset.   
 

ADOPT GOOD PRACTICE ON HILLSIDE SITES 
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AUSTRALIAN GEOGUIDE LR8 (CONSTRUCTION PRACTICE) 
 

 

WHY ARE THESE PRACTICES POOR?  

Roadways and parking areas - are unsurfaced and lack proper table drains (gutters) causing surface water to pond and 
soak into the ground. 

Cut and fill - has been used to balance earthworks quantities and level the site leaving unstable cut faces and added 
large surface loads to the ground.  Failure to compact the fill properly has led to settlement, which will probably continue 
for several years after completion.  The house and pool have been built on the fill and have settled with it and cracked.  
Leakage from the cracked pool and the applied surface loads from the fill have combined to cause landslides.  

Retaining walls - have been avoided, to minimise cost, and hand placed rock walls used instead.  Without applying 
engineering design principles, the walls have failed to provide the required support to the ground and have failed, 
creating a very dangerous situation.   

A heavy, rigid, house - has been built on shallow, conventional, footings.  Not only has the brickwork cracked because 
of the resulting ground movements, but it has also become involved in a man-made landslide.  

Soak-away drainage - has been used for sewage and surface water run-off from roofs and pavements.  This water 
soaks into the ground and raises the water table (GeoGuide LR5).  Subsoil drains that run along the contours should be 
avoided for the same reason.  If felt necessary, subsoil drains should run steeply downhill in a chevron, or herring bone, 
pattern.  This may conflict with the requirements for effluent and surface water disposal (GeoGuide LR9) and if so, you 
will need to seek professional advice.  

Rock debris - from landslides higher up on the slope seems likely to pass through the site.  Such locations are often 
referred to by geotechnical practitioners as "debris flow paths".   Rock is normally even denser than ordinary fill, so even 
quite modest boulders are likely to weigh many tonnes and do a lot of damage once they start to roll.  Boulders have 
been known to travel hundreds of metres downhill leaving behind a trail of destruction.        

Vegetation - has been completely cleared, leading to a possible rise in the water table and increased landslide risk 
(GeoGuide LR5). 

DON'T CUT CORNERS ON HILLSIDE SITES - OBTAIN ADVICE FROM A GEOTECHNICAL PRACTITIONER 

More information relevant to your particular situation may be found in other Australian GeoGuides: 

• GeoGuide LR1    - Introduction 

• GeoGuide LR2    - Landslides 

• GeoGuide LR3    - Landslides in Soil 

• GeoGuide LR4    - Landslides in Rock 

• GeoGuide LR5    - Water & Drainage 

• GeoGuide LR6    - Retaining Walls  

• GeoGuide LR7    - Landslide Risk 

• GeoGuide LR9    - Effluent & Surface Water Disposal 
GeoGuide LR10  - Coastal Landslides   

• GeoGuide LR11  - Record Keeping 

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities; 
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an 
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with 
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The 
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the 
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering 
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’ 
National Disaster Mitigation Program.  
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