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1. Introduction 
 
This report presents the results of a geotechnical investigation and slope stability risk assessment 
undertaken for proposed residential development to be constructed at Lot 03, 10 Fern Creek Road, 
Warriewood. The investigation was undertaken in accordance with Nepean Geotechnics general terms of 
engagement.  
 
We’ve been advised that the development comprises the construction of a double storey residential 
dwelling at the site. According to the provided conceptual design drawings of the project, the finished 
floor elevation of lower ground level will be at RL 26.4 m and excavations up to approximate depth of 
2.3 m will be required for the lower ground level.  A copy of design drawings can be found in Appendix A.  
 
The objective of investigation was to assess the surface and subsurface soil conditions across the site in 
order to provide comments on: 
 

▪ Slope stability risk assessment in general accordance with Australian Geomechanics Society (AGS) 
Guidelines. 

▪ Indicative site classification in accordance with AS2870, 
▪ Bearing capacity of near surface material, and 
▪ Safe batter slopes and retaining wall design parameters. 

 
Reference to the Pittwater Local Environmental Plan (2014), Geotechnical Hazard Map, indicates that the 
proposed new lot (Lot 03) is located outside the boundary of Geotechnical Hazard H1. A copy of the 
overlay map is provided in Appendix E. 
 
The investigation included a site walkover inspection by an experienced geotechnical engineer and the 
drilling of boreholes. The borehole locations are shown on a marked up aerial photograph in Appendix A.   
 

2. Site Description  
 
The allotment is located within a newly developed residential subdivision. The proposed allotment 
(Lot 03) has frontage to Fern Creek Road and is located on the low side of the roadway on the side of a 
hill. The allotment is bordered by undeveloped residential lots to the remaining sides.  
 
Topographically, the allotment is situated along the lower slope of a hill. The ground surface across the 
site moderately slopes downward to the north-east and had a fall approximately 6 – 7 m. However, the 
construction area of the allotment had a difference in elevation of approximately 4 – 5 m.  At the time of 
field works, there were no existing structures within the allotment.  
 
Site vegetation comprised grasses, weeds and scattered native trees. The trees were in upright position. 
The following site photographs show the general site conditions at the time of field work: 
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Photograph 1 – General site conditions, looking south 
 

3. Geology 
 

According to the Sydney 1:100 000 Geological Series Sheet the site is underlain by undifferentiated rocs 
belong to the Narrabeen Group (Rnn) of Middle Triassic age. According to the mapping, he rocks within 
this formation typically consist of laminate, shale, lithic-quartz sandstone and claystone. 
 

4. Field Work 
 

The field work comprised drilling of two boreholes within the allotment using a Landcruiser-mounted 
drilling rig equipped with solid flight augers. Borehole logging and mapping exercise were carried out by 
an experienced geotechnical engineer. Dynamic cone penetrometer (DCP) tests were carried out adjacent 
to each borehole location to provide an indication of the penetration resistance and strength of the near-
surface soils.  
 
A site walkover was also carried out to observe the site surface and drainage conditions, ground slopes 
and vegetation covers across the site.  
 

5. Subsurface Conditions 
 
Surface material in the boreholes comprised minor topsoils and colluvium to approximate depths of  
0.5 – 0.7 m. The surface material in BH101 were underlain by silty sandy clays and gravelly clays of stiff to 
very stiff consistency to approximate depth of 1.8 m. Extremely to highly weathered rock consisting of 
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interbedded shale and lithic sandstone were encountered below a depth of 1.7 m in BH101 and continued 
to the termination depth of 3.0 m.   
 
The near surface colluvium in BH102 were underlain by clayey sands in dry conditions to a depth of 0.8 m 
overlying silty sandy clays and silty clays of stiff to very stiff consistency to approximate depth of 1.9 m. 
Extremely to highly weathered rock consisting of interbedded shale and lithic sandstone were 
encountered below this depth and continued to the termination depth of 3.0 m.   
 
The borehole logs in Appendix B should be referred to for the details of material encountered at each 
investigation location. 
 
No free groundwater was observed during drilling at the borehole locations. 
 

6. Site Classification 
 
Due to presence of trees and sloping ground, the site will be classified Class P in accordance with AS2870 
‘Residential Slabs & Footings’. Provided the recommendations of the report are adopted and all footings 
are founded in the stiff residual material or bedrock, a ground surface movement equivalent to 'Class M 
– Moderately Reactive', may be considered for the existing soils for design purposes. The site classification 
will be subject to the site inspection at the completion of bulk earthworks. 
 

7. Earthworks  
 
According to the conceptual drawings, cutting up to approximate depths of 1.3 - 2.3 m will be required at 
the south-western portion of the building footprint to achieve the design elevations of propose lower 
ground level. Due to the sloping ground, the excavation depths would be gradually decreasing towards 
the north and east of the building footprint.  Minor filling up to 0.5 m would likely be required at the 
north-eastern portion of the allotment for leveling the site and landscaping purposes. During the 
excavation and footing construction, the soils and any extremely to highly weathered rock are expected 
to be removed using a medium size excavator equipped with toothed bucket or auger attachment with 
no difficulty. Some light to medium ripping may be required for the excavation of highly weathered rock 
similar to the material encountered below the auger refusal depths of boreholes.  
 

8. Safe Batters & Retaining Walls  
 

Temporary cut batters in medium dense sands and clayey sands in dry conditions may be constructed at 
a grade of 2(H): 1(V). Temporary cut battered at a grade of 1:1 may be constructed in stiff to very stiff 
clayey material.  As a general approach any general fill embankments with no surcharge loads should be 
constructed at a grade of 1V:3H. However, placing excessive fill material on sloping ground should be 
minimized as it may lead to instability and creep movement. 
 
Due to sloping ground and presence of existing residential lots at the lower slope of the allotment, fill 
embankments along the north-eastern portion of building envelope shall be supported by engineer 
designed retaining walls which are founded into the underlying residual clays or bedrock. Retaining walls 
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shall be constructed to support the cut battered with surcharge loads from proposed structures or existing 
roadway. The final surface shall be protected from erosion by promoting vegetation cover. 
 
Where required, retaining walls may be designed based on ‘at rest earth pressure coefficient’ of 0.55 and 
0.7 for medium dense sandy material and stiff clays, respectively. These values are for horizontal ground 
surface behind the retaining walls. Where the ground surface behind the walls is sloping, depending on 
the ground slope and material type, there will be significant increase of the earth pressure coefficient 
values. Granular material shall be placed directly behind the retaining walls. Efficient drainage shall be 
provided by placing perforated drainage pipes along the bottom of the wall. The effect of water pressure 
needs to be considered in the design of retaining walls where there is a potential for the saturation of 
backfill material and residual soil.  
 

9. Footings  
 
Due to sloping ground, the development shall be undertaken in accordance with the recommendations 
given in the AGS Appendix G – ‘Some Guidelines for Hillside Construction’, a copy of which can be found 
in Appendix D.   
 
All the footings and piers will need to be founded on the underlying stiff gravelly clays or weathered rock. 
As a guide, high level pad or strip footings founded in the stiff clays below the near surface colluvium, 
medium dense sandy material may be designed based on an allowable bearing capacity of 150 kPa. At the 
bulk excavation level, extremely to highly weathered rock would likely be exposed within parts of the 
lower ground level footprint. Shallow footings or piers founded in the extremely weathered rock may be 
propertied based on an allowable bearing capacity of 450 kPa. It is noted that all footings will need to be 
extended into the similar foundation material to avoid the risk of premature cracking in the slabs. 
 
All the footings and piers shall be founded on material of similar stiffness and will need to be keyed into 
the suitable foundation material to a minimum depth of 300 mm.   
 

10. Drainage and Maintenance 
 

In order to minimise the effects of erosion on the site, surface soil will need to be protected by directing 
surface runoff away from the construction areas, access roads and behind any retaining walls. Any 
stormwater flow shall be collected from the construction areas, cut faces and any fill embankments using 
drainage swales.  
 
Surface drainage should be maintained at all times during the earthworks and the entire life of the 
development. The drainage should be provided as soon as possible in order to control surface flows and 
prevent saturation and erosion of the surficial soils across sloping areas of the site. To maintain the long 
term stability of the site, the stripped areas will need to be revegetated.  
 
The developed site should be maintained in accordance with the CSIRO publication ‘Foundation 
Maintenance and Footing Performance’ (Appendix C). The guide suggests site maintenance practices to 
assist in minimising the foundation movements and keeping the cracking within acceptable limits. It is 
stressed that some minor cracking may still be observed as this is unavoidable in most structures.   
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11. Stability Risk Assessment 
 

A desktop study was completed in order to find the evidence of previous instability within the site and 
surrounding areas. A review of aerial imagery of the site suggests the site was not subject to a recent 
instability.  
 
A walkover site inspection was undertaken by an experienced geotechnical engineer to observe the slope 
angles, geological features and drainage conditions within the site and along the road cuts at the upper 
levels. The ground surface across the site was covered with grasses and no signs of active instability such 
as tilted trees, tension cracking, severe erosion or rock falls/slumps were noted at the time of the field 
work. The near surface conditions in the boreholes comprised clays of stiff consistency and bedrock at 
relatively shallow depths.  
 
The upright position of mature trees within the subject area site and surrounding lots and stability of 
existing cut batters along the Fern Creek Road all suggest the site was not subject to any recent instability 
or ground movement.  The presence of near surface colluvial/sandy material should however be 
considered in the design and the cuts in these materials or any filling shall be protected using suitably 
designed and constructed retaining walls.  
 
Stormwater flows across the site shall be managed effectively to prevent any water aided mass movement 
of near surface soils into the nominated construction area or lower slopes. Stormwater maintenance 
manholes were observed along the site boundaries suggesting the subsurface stormwater drainage 
system has already been installed.  
 
The hazards on the site have been assessed for risk to life and property using the general methodology 
outlined by the Australian Geomechanics Society (Landslide Risk Management AGS Subcommittee 2007). 
 

11.1 Risk to loss of life R(LoL) 
 
For loss of life, the individual risk can be calculated from:  
 

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

where: 

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

P(H)  is the annual probability of the hazardous event occurring  

P(S:H) is the probability of spatial impact by the hazard (e.g. of the failure reaching the proposed 
residence/garage taking into account the distance of a given event from the elements) 

P(T:S)  is the temporal probability (e.g. of the proposed structures on site being occupied by the 
individual) at the time of the spatial impact 

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

 

In accordance with the AGS guidelines, landslide inventory should be formulated by collecting evidence 
for previous landslides using: 
 

-  Aerial photographs; 
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-  Historic records; and 

-  Field mapping. 

 

The collated data during site inspection and desktop study were used to make an assessment of landslide 
frequency in the study area. No groundwater seepage were encountered during the subsurface 
investigation. Considering the presence of relatively shallow bedrock and propose excavations (followed 
by the construction of retaining walls) for leveling the construction area, deep seated landslide is less 
likely to occur within the construction area of the site. 
 
Considering the geological and topographical features of the site, a potential hazard would be shallow 
slumps of surficial slope wash material or earthflows of near surface colluvial/granular material across the 
stripped areas during construction and following extreme rainfall events. This could be prevented or 
managed by adopting adequate drainage measures across the site and construction of suitably designed 
retaining walls. 
 
AGS (2007) recommends some published relationship between verbal descriptor and probabilities 
(Commentary on Practice Note Guidelines for Landslide Risk Management).  According to the reference 
document and findings of the investigation the following estimation of annual probability of landslide P(H) 
would be adopted for the site at the current conditions, due to potential scenarios for future instability 
events: 
 

Hazard Type   Estimate of Annual Probability P(H) 

Erosion  10-3 

Localised Instability 10-3 

Deep Seated landslide 10-4 

 
The probability for a person occupies the house during a day is estimated 12 hours a day per year.  The 
probability for the presence of a person within the outside areas affected by landslide would also be 
estimated conservatively 6 hours a day per year. 
 
According to “Practice Notes Guidelines for Landslide Risk Management, 2007, AGS”, the following factors 
influence the likelihood of deaths and injuries or vulnerability, V(D:T), of a person who are impacted by a 
landslide: 
 

• Volume of Landslide; 

• Type of slide, mechanism of slide initiation and velocity of sliding; 

• Depth of Slide; 

• Whether the landslide debris buries the person(s); 

• Whether the person(s) are in the open or enclosed in a vehicle or building; 

• Whether the vehicle or building collapses when impacted by debris; 

• The type of collapse if the vehicle or building collapses. 
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The examples of vulnerability values (AGS2007, Appendix F) were used to adopt an estimate of 
vulnerability for this assessment. Based on the site observations and for a suitable developed site, the 
impact of surface erosion or localized instability will be minor (estimated less than 0.5 m3). 
 
Based on observations made during inspection of the site and subsurface investigation and on the basis 
that development will be undertaken in general accordance with the comments given in this report, the 
results of the assessment are outlined in Table 1 for the proposed development: 
 

Table 1: Life Risk Assessment for Proposed Development   

Hazard Type P(H) 
(1) P(S:H) P(T:S) V(D:T) Risk R(LoL) 

Erosion  10-3 0.01 0.75 0.01 7.5 X 10-8 

Localised Instability 10-3 0.1 0.75 0.01 7.5 X10-7 

Deep Seated landslide 10-5 0.25 0.75 0.5 9.3 X10-7 

Note:   

(1)  assuming adequate risk mitigation measures (e.g drainage, retaining walls, etc) are in place.  

 
AGS suggested a tolerable risk for loss of life of 10-5 per annum for new developments and 10-4 for existing 

slopes. As such the proposed site will remain low risk for loss of life of individual which is acceptable in 

accordance with the reference guide and Council’s Geotechnical Risk Management Policy..  

 

11.2 Risk to Property 
 

Table 2 suggests a descriptive term of likelihood of a landslide for an approximate annual landslide 
probability. 
 

Table 2: Qualitative Measures of Likelihood  

Approx. Annual Probability 
Indicative value 

Implied Indicative Landslide 
Recurrence Interval 

Descriptor 

10-1 10 years Almost Certain 

10-2 100 years Likely 

10-3 1000 years Possible 

10-4 10,000 years Unlikely 

10-5 100,000 years Rare 

10-6 1,000,000 years Barely Credible 

 

A qualitative risk assessment for property loss risks has been carried out in accordance with the risk matrix 
and terms in AGS 2007, as outlined in Table 3. 
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Table 3: Qualitative Risk Analysis Matrix 

Likelihood Consequence to Property(1) 

 

Indicative value 
of Approx. 

Annual 
Probability 

1: 
Catastrophic 

200% 

2: 
Major 
60% 

3: 
Medium 

20% 

4: 
Minor 

5% 

5: 
Insignificant 

0.5% 

Almost 
Certain 

10-1 VH VH VH H M or L  

 Likely 10-2 VH VH H M L 

Possible 10-3 VH H M M VL 

Unlikely 10-4 H M L L VL 

Rare 10-5 M L L VL VL 

Barely 
Credible 

10-6 L VL VL VL VL 

  Where   L: low, M: medium, H: high, VL: very low, VH: very high. 

  Note:  (1) As a percentage of the value of the property. 

 
According to Table 2 and Table 3, a descriptive term of ‘possible’ may be adopted at the current site 
conditions due to the erosion potential and subsequent localized slumps over the sloping areas of the site. 
In order to mitigate the risk of future instability causing damage to the proposed structures, effective site 
drainage measures will be required to divert any surface run-off from entering the building envelope. In 
addition and as discussed in preceding sections of this report, the steep cut batters and fill embankments 
within the allotment shall be protected by suitably designed and constructed retaining walls.  
 
Provided the recommendation of this report are adopted, any localised erosion and shallow slumps may 
only cause ‘insignificant’ damage to the proposed structures (refer to Table 3 above) and the level of risk 
for damage to property will be considered ‘very low’. This will meet ‘acceptable risk management’ criteria 
in accordance with the AGS 2007.   
 
It should be noted that whilst an area may be assessed as being currently stable, unsuitable development 
or poor construction techniques may trigger instability. 
 
Foundation material will need to be inspected prior to the placement of steel and the pouring of concrete 
to ensure the design criteria are met. At the completion of earthworks, an inspection of batters and 
drainage site conditions shall be inspected (by design or geotechnical engineer) to confirm the earthworks 
have been undertaken in accordance with the design.  
 

12. General Notes 
 
Our professional services were performed, our findings obtained, and our recommendations prepared in 
accordance with generally accepted engineering principles and practices. This warranty is in lieu of all 
other warranties, either expressed or implied.  
 
The geotechnical report was prepared for the use of the Owner in the design of the subject project and 
should be made available to potential contractors and/or the Contractor for information on factual data 
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only. This report should not be used for contractual purposes as a warranty of interpreted subsurface 
conditions such as those indicated by the interpretive borehole and test pit logs, cross-sections, or 
discussion of subsurface conditions contained herein.  
 
The analyses, conclusions and recommendations contained in the report are based on site conditions as 
they presently exist and assume that the boreholes and/or test pits are representative of the subsurface 
conditions of the site. If, during construction, subsurface conditions are found which are significantly 
different from those observed in the boreholes and test pits, or assumed to exist in the excavations, NG 
should be advised immediately to review these conditions and review recommendations where 
necessary. If there is a substantial lapse of time between the submission of this report and the start of 
work at the site, or if conditions have changed due to natural causes or construction operations at or 
adjacent to the site, this report should be reviewed to determine the applicability of the conclusions and 
recommendations considering the changed conditions and time lapse.  
 
The test pit/borehole logs are our opinion of the subsurface conditions revealed by periodic sampling of 
the ground as the field work progressed. The soil descriptions and interfaces between strata are 
interpretive and actual changes may be gradual.  
 
The logs and related information depict subsurface conditions only at these specific locations and at the 
particular time designated on the logs. Soil conditions at other locations may differ from conditions 
occurring at these borehole locations. Also, the passage of time may result in a change in the soil 
conditions at these borehole locations.  
 
Groundwater levels often vary seasonally. Groundwater levels reported on the borehole/test pit logs or 
in the body of the report are factual data only for the dates shown. 
  
Unanticipated soil conditions are commonly encountered on construction sites and cannot be fully 
anticipated by merely taking soil samples, borehole or test pits. Such unexpected conditions frequently 
require that additional expenditures be made to attain a properly constructed project.  
 
NG cannot be responsible for any deviation from the intent of this report including, but not restricted to, 
any changes to the scheduled time of construction, the nature of the project or the specific construction 
methods or means indicated in this report; nor can our firm be responsible for any construction activity 
on sites other than the specific site referred to in this report. 
 
We trust the above is sufficient for your requirements. Please do not hesitate to contact the undersigned 
should you require further information or need to discuss any aspect of this report.  
 
Yours sincerely,  
 

 
 

Rasoul Machiani (MIEAust/CPEng/NER) 

Senior Geotechnical Engineer  

For and on behalf of Nepean Geotechnics 
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Drawing 1

Proposed Residential Subdivision

Lot 03, 10 Fern Creek Road, Warriewood

Project No: R22009

Date: 27 January 2022
 ABN 45 626 934 389 
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14 m
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BH101
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Borehole Log Explanation Sheet  2020 

Soil & Rock Descriptions 

The methods of descriptions and classifications used by Nepean Geotechnics in this report are in general 

accordance with Australian Standard AS1726 -1993 as detailed in the following tables: 

Soil Classification 
 
 
Grading 

Term Particle Size(mm) 

Coarse Grained Soils  
(more than 50% of material is larger than 0.075mm) 

Boulders >200 

Cobbles 63 – 200 

Gravels 2.36 – 63 

Sand 0.075 – 2.36  

Fine Grained Soils  
(more than 50% of material is smaller than 0.075mm) 

Silt 0.002 – 0.075 

Clay <0.002 

 
 
 
Consistency (Cohesive Soils) 

Term Undrained Shear Strength 
(kPa) 

Field Guide to Consistency 

Very soft  ≤ 12 Exudes between the fingers when squeezed in hand 

Soft >12   ≤25 Can be moulded by light finger pressure 

Firm >25   ≤50 Can be moulded by strong finger pressure 

Stiff >50   ≤100 Can not be moulded by fingers/can be indented by thumb  

Very stiff >100   ≤200 Can be indented by thumb nail 

Hard >200 Can be indented with difficulty by thumb nail 

 
 
 
Consistency (Non-Cohesive Soils) 

Term Density Index (%) 

Very loose ≤ 15 

Loose >15   ≤35 

Medium dense >35   ≤65 

Dense >65   ≤85 

Very dense >85 

  



 

 

Borehole Log Explanation Sheet  2020 

 

Rock Classification 
 
 
Strength of Rock Material  

Term Letter Symbol Point Load Index, Is50 
(MPa) 

Filed Guide to Strength  

Extremely low EL ≤0.03 Easily remoulded by hand to a material with soil 
properties 

Very low VL >0.03    ≤0.1 Material crumbles under firm blows with sharp end 
of pick; can be peeled with knife; pieces up to 3 cm 
thick can be broken by finger pressure 

Low L >0.1      ≤0.3 Easily scored with a knife; indentations  
1 – 3 mm show in the specimen with firm blows of 
the pick point; a piece of core 150 mm long may be 
broken by hand 

Medium M >0. 3     ≤1.0 Readily scored with a knife; a piece of core 150 mm 
long can be broken by hand with difficulty 

High H >1         ≤3 A piece of core 150 mm long cannot be broken by 
hand but can be broken by a pick with a single firm 
blow; rock rings under hammer 

Very high VH >3         ≤10 Hand specimen breaks with pick after more than one 
blow; rock rings under hammer 

 
 
 
Rock Material Weathering Classification  

Term Letter Symbol Filed Guide to Strength  

Residual soil RS Soil developed on extremely weathered rock; the 
mass structure and substance fabric are no longer 
evident; there is a large change in volume but the 
soil has not been significantly transported 

Extremely weathered XW Rock is weathered to such an extent that has ‘soil’ 
properties (i.e. either disintegrated or can be 
remoulded in water) 

Highly weathered HW Rock strength usually changed by weathering. The 
rock may be highly discoloured, usually be 
ironstaining. Porosity may be increased by leaching, 
or may be decreased due to deposition of 
weathering in pores 

Slightly weathered SW Rock is slightly discoloured but shows little or no 
change of strength from fresh rock 

Fresh rock FR Rock shows no sign of decomposition or staining 
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12 CI D St Residual
12

12

XW D Rock
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Nepean Geotechnics Pty Ltd
ABN 45 626 934 389
15 Henry Place, Narellan Vale NSW 2567
Email: info@nepeangeotechnics.com.au
Phone: 0447 280 042

Client: Skycorp Australia Pty Ltd

Project: Proposed Residential Subdivision South: Refer to site

Location: Lot 03, 10 Fern Creek Road Easting: plan
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Project: Proposed Residential Subdivision South:

So
lid

 F
lig

h
t

A
u

ge
r 

Nepean Geotechnics Pty Ltd
ABN 45 626 934 389
15 Henry Place, Narellan Vale NSW 2567
Email: info@nepeangeotechnics.com.au
Phone: 0447 280 042

Location: Lot 3, 10 Fern Creek Road Easting: plan
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION 
 

 GOOD ENGINEERING PRACTICE POOR ENGINEERING PRACTICE 
ADVICE   
GEOTECHNICAL 
ASSESSMENT 

Obtain advice from a qualified, experienced geotechnical practitioner at early 
stage of planning and before site works. 

Prepare detailed plan and start site works before 
geotechnical advice. 

PLANNING 
SITE PLANNING Having obtained geotechnical advice, plan the development with the risk 

arising from the identified hazards and consequences in mind. 
Plan development without regard for the Risk. 

DESIGN AND CONSTRUCTION 

HOUSE DESIGN 

Use flexible structures which incorporate properly designed 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 and 
filling. 
Movement intolerant structures. 

SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site. 
ACCESS & 

DRIVEWAYS 
Satisfy requirements below for cuts, fills, retaining walls and drainage. 
Council specifications for grades may need to be modified. 
Driveways and parking areas may need to be fully supported on piers. 

Excavate and fill for site access before 
geotechnical advice. 

EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks. 

CUTS 
Minimise depth. 
Support with engineered retaining walls or batter to appropriate slope. 
Provide drainage measures and erosion control. 

Large scale cuts and benching. 
Unsupported cuts. 
Ignore drainage requirements 

FILLS 

Minimise height. 
Strip vegetation and topsoil and key into natural slopes prior to filling. 
Use clean fill materials and compact to engineering standards. 
Batter to appropriate slope or support with engineered retaining wall. 
Provide surface drainage and appropriate subsurface drainage. 

Loose or poorly compacted fill, which if it fails, 
may flow a considerable distance including 
onto property below.  
Block natural drainage lines. 
Fill over existing vegetation and topsoil. 
Include stumps, trees, vegetation, topsoil, 
boulders, building rubble etc in fill. 

ROCK OUTCROPS 
&  BOULDERS 

Remove or stabilise boulders which may have unacceptable risk. 
Support rock faces where necessary. 

Disturb or undercut detached blocks or 
boulders. 

RETAINING 
WALLS 

Engineer design to resist applied soil and water forces. 
Found on rock where practicable. 
Provide subsurface drainage within wall backfill and surface drainage on slope 
above. 
Construct wall as soon as possible after cut/fill operation. 

Construct a structurally inadequate wall such as 
sandstone flagging, brick or unreinforced 
blockwork. 
Lack of subsurface drains and weepholes. 

FOOTINGS 

Found within rock where practicable. 
Use rows of piers or strip footings oriented up and down slope. 
Design for lateral creep pressures if necessary. 
Backfill footing excavations to exclude ingress of surface water. 

Found on topsoil, loose fill, detached boulders 
or undercut cliffs. 

SWIMMING POOLS 

Engineer designed. 
Support on piers to rock where practicable. 
Provide with under-drainage and gravity drain outlet where practicable. 
Design for high soil pressures which may develop on uphill side whilst there 
may be little or no lateral support on downhill side. 

 

DRAINAGE   

SURFACE 

Provide at tops of cut and fill slopes. 
Discharge to street drainage or natural water courses. 
Provide general falls to prevent blockage by siltation and incorporate silt traps. 
Line to minimise infiltration and make flexible where possible. 
Special structures to dissipate energy at changes of slope and/or direction. 

Discharge at top of fills and cuts. 
Allow water to pond on bench areas. 
 

SUBSURFACE 

Provide filter around subsurface drain. 
Provide drain behind retaining walls. 
Use flexible pipelines with access for maintenance. 
Prevent inflow of surface water. 

Discharge roof runoff into absorption trenches. 

SEPTIC & 
SULLAGE 

Usually requires pump-out or mains sewer systems; absorption trenches may 
be possible in some areas if risk is acceptable. 
Storage tanks should be water-tight and adequately founded. 

Discharge sullage directly onto and into slopes.  
Use absorption trenches without consideration 
of landslide risk. 

EROSION 
CONTROL & 

LANDSCAPING 

Control erosion as this may lead to instability. 
Revegetate cleared area. 

Failure to observe earthworks and drainage 
recommendations when landscaping. 

DRAWINGS AND SITE VISITS DURING CONSTRUCTION 
DRAWINGS Building Application drawings should be viewed by geotechnical consultant  
SITE VISITS Site Visits by consultant may be appropriate during construction/  

INSPECTION AND MAINTENANCE BY OWNER 
OWNER’S 

RESPONSIBILITY 
Clean drainage systems; repair broken joints in drains and leaks in supply 
pipes. 
Where structural distress is evident see advice. 
If seepage observed, determine causes or seek advice on consequences. 
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