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1 Introduction 

1.1  PROJECT DESCRIPTION  

At the request of Charlie McKill, Fortify Geotech Pty Ltd carried out a site classification in accordance with 

AS2870 “Residential Slabs & Footings”, and a qualitative slope instability risk assessment for the proposed 

knockdown rebuild at 272 Whale Beach Road, in Whale Beach. 

Due to steep slopes in the vicinity of the proposed site, a geotechnical site classification and slope instability 

risk assessment is required. 

To establish the site subsurface conditions, a handheld hydraulic push-tube was used to excavate two 

boreholes on the property. Borehole 1A was drilled at the front of the property, and borehole 2A was drilled 

at the rear of the property. The subsurface profile was logged in accordance with the Unified Soil 

Classification System (USCS) and the logs are attached to the end of this report. Dynamic Cone 

Penetrometer (DCP) testing was conducted near the location of borehole 1A. Figure 2 is an aerial 

photograph showing the approximate borehole locations. 

 

1.2  SITE DESCRIPTION AND GEOLOGY  

The site is located on 272 Whale Beach Road, Whale Beach, NSW. The ~700m2 site is presently occupied 

by an existing residence towards the southern end of the block. The northern side of the block is covered by 

thick vegetation with visible sandstone bedrock. The site dips to the south at ~36o. There is no evidence of 

deep existing site cuts or large-scale placement of fill.  Figure 1 shows the site locality, whilst Figure 2 is a 

recent aerial photograph which also shows the approximate borehole locations. 

Local Geology maps (Reference 1) indicate the area to be underlain by Triassic age, Hawkesbury 

Sandstone, which consists medium to coarse grained quartz sandstone, very minor shale, and laminite 

lenses. 
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1.3  SCOPE OF INVESTIGATION  

The aim of the investigation was to: 

 Identify subsurface conditions including extent and nature of any fill materials, soil strata, bedrock 

type and depth, and groundwater presence. 

 Provide a site classification to AS2870 “Residential Slabs & Footings”. 

 Recommend suitable footing systems for the buildings including types, founding depths and 

allowable bearing pressures.  

 Conduct a slope instability risk assessment 

 Advise on excavation conditions and suitability of excavated materials for use as structural fill. 

 Advise on site drainage 

The assessment required the development of a qualitative matrix risk assessment to people and property, in 

accordance with the guidelines of “Landslide Risk Management Concepts and Guidelines”, Australian 

Geomechanics Journal, 2007. In this instance, the residents of the house are considered as “people” and the 

proposed alterations and additions, as well as the surrounding houses and highway were considered as 

“property”. 

The slope stability assessment is qualitative, based on the guidelines on landslide risk management 

published by the Australian Geomechanics Society. Risk assessment involves the following components: 

(i)Hazard identification, (ii) Likelihood of Hazards Occurring, (iii) Consequences of Hazards, and (iv) 

Significance of Risks. This uses a matrix approach to determine the risk level of each hazard based on the 

likelihood and consequences of each hazard occurrence. 
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2 Investigation Results 

2.1  SUBSURFACE CONDITIONS  

The subsurface conditions of the proposed development were investigated by two boreholes designated 1A 

and 2A. Borehole 2A was conducted just behind a 0.6m high retaining wall. The borehole logs in Appendix A 

can be referred to for more detail.  

Investigation boreholes 1A and 2A found the subsurface profile to comprise: 

TABLE 1 – Subsurface Conditions 

Geological 

Profile 
Depth Interval Description 

TOPSOIL 0m to 0.05m/0.2m SILTY SAND, SANDY SILT; fine to medium grained sand, fine to 

coarse grained sand, dark brown, brown, trace fine sized gravel, 

moist to wet, moist, loose, 

COLLUVIUM 0.05m to 0.4/0.65m SANDY CLAY, SILTY SAND; fine to medium grained sand, 

medium to high plasticity clay, pale yellow, grey mottled orange, 

brown, trace medium plasticity clay, moist to wet, moist, firm to 

stiff, stiff, soft to firm, loose. 

RESIDUAL 0.4m/0.65m to 

>1.15m 

SANDY CLAY, CLAYEY SAND, CLAY, GRAVELLY CLAY; fine to 

medium grained sand, low to medium plasticity clay, medium 

plasticity clay, medium to high plasticity clay, orange and grey, 

orange, pale grey mottled orange, dry to moist, dry, stiff, medium 

dense firm. 
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2.2  DYNAMIC CONE PENETROMETER (DCP) TESTING 

To determine the density/relative consistency of the subsurface profile, a Dynamic Cone Penetrometer 

(DCP) test was conducted on 19th July 2022 in accordance with AS1289.6.3.2 “Determination of the 

penetration resistance of a soil – 9kg dynamic cone penetrometer test”.  The DCP result is shown in Table 2 

below. The DCP test was taken from the base of borehole 1A, starting at 1.5m depth. The approximate 

location of the DCP test is shown in Figure 2. 

TABLE 2 - DCP Testing Results 

Depth below existing 

groundsurface (m) 

Blows per 100mm 

penetration 

DCP 1 

1.5 16 

1.6 28 

1.7 25 

2.3  GROUNDWATER 

Permanent groundwater was not encountered in the investigation boreholes. However, temporary perched 

seepages could be encountered at shallower depths following rainfall within the more previous soils. 
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3 SLOPE INSTABILITY RISK ASSESSMENT 

3.1 METHOD OF RISK ASSESSMENT 

The following sections of the report outline the slope instability risk assessment carried out for the site. The 

assessment is qualitative, based on the guidelines provided in the Australian Geomechanics Journal Vol 42 

March 2007, and has been adopted by the NSW Department of Infrastructure, Planning and Natural 

Resources. This uses a matrix approach to determine the risk level of each hazard based on the likelihood 

and consequences of each hazard occurring.  

Risk assessment involves the following components: 

(i) Identification on the potential site slope hazards that may damage property and/or cause loss of life 

(Hazard Identification). 

(ii) Estimation of the likelihood of each hazard occurring (Likelihood of Hazards Occurring). 

(iii) Assessment of the potential consequences to property and people of these hazards occurring 

(Consequences of Hazards). 

(iv) Evaluation of the significance of the assessed risks against criteria of acceptability (Significance of 

Risks). 

Following the risk assessment, options for the treatment of the risk are provided as a guide to the owner, 

administrator and regulatory authorities who will need to decide whether to avoid or accept the risk, or to 

treat the site to reduce the likelihood and/or consequences of the hazards. 

A flowchart, included in the Australian Geomechanics Journal, Vol 42, March 2007, paper on “Landslide Risk 

Management Concept & Guidelines” 2007 (Reference 2), which shows the processes of risk assessment/risk 

management is copied here in Appendix D. Appendix E provides guidelines for hillside construction. 

3.2 HAZARD IDENTIFICATION 

The potential hazards to slope stability at this site were considered, and includes: 

 Large Scale Translational Slide 

 Small Scale Slumps in the Soil Profile 

 Surface Erosion 

 Failure of Retaining Wall 

 Large Rockfall from Upslope 
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3.3 LIKELIHOOD OF HAZARDS OCCURRING 

3.3.1  Large Scale Translational Slide  

There have been a few landslips have been recorded in the vicinity of 272 Whale Beach Road. Moreover, 

the Whale Beach area has been reported to have more landslides per property than the average for the 

Pittwater LGA, suggesting an increased slope stability risk for the region compared to other suburbs in the 

Pittwater LGA (Reference 3). The existing trees on the slope are mostly vertical, with little to no slanted 

growth. There is no evidence of cracking in the exterior structure of the existing residence, and other 

residential structures have been constructed on the surrounding blocks on steeper slopes. For a large-scale 

slide to happen there would need to be a combination of unfavourable triggering conditions such as 

earthquakes, extreme rainfall, saturated soils, mass clearance of vegetation, unsupported excavations etc. 

Given the steep slope and history of slope instability in this geological formation, such an event is considered 

to be “Possible”. 

3.3.2  Small-Scale Slumps in the Soil Profile 

Under adverse site conditions, such as when site soils are saturated, small slumping failures of the soils 

could conceivably occur. However, as there does not appear to have any slippages or slumps in the past, 

such an event is “Possible”. 

3.3.3  Failure of Retaining Wall 

The cuts to be constructed on the block will be supported by well-drained, properly designed and constructed 

engineered retaining walls. As no failures or cracking was observed on current structures on the property, 

the likelihood or a properly drained and constructed retaining wall failure is judged to be “Unlikely”. 

3.3.4  Surface Erosion   

There are presently no signs of surface scouring on the block, probably in part due to the surface vegetation 

and good surface drainage. Nevertheless, the upper soils are quite silty, so if the vegetation was removed 

and surface water flow-paths were allowed to develop, surface erosion is “Unlikely”. 

3.3.5  Rock Fall from Upslope  

Large rockfalls from upslope may have occurred in the past indicated by the presence of some large 

boulders around the existing residence and in the surrounding properties. However, given the large amount 

of development upslope of the site, the risk is reduced. Therefore, this event is “Unlikely”. 
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3.4 CONSEQUENCES OF HAZARDS OCCURRING  

3.4.1 Large-Scale Translational Slide  

Theoretically, a large-scale slide could occur with little or no warning, and the consequences to property and 

people would depend on the volume of the slide material, its velocity, and whether or not people are present, 

or in the downslope dwelling at the time. Using the AGS table of qualitative measures of vulnerability and 

consequences in Appendix C, we consider the consequences of such a rare event to be “Medium”, i.e 

Theoretically, there is the possibility of a fatality in the dwelling and/or the imposition of moderate damage to 

some of the structure in the rare event of this occurring.  

3.4.2 Small-Scale Slumps in the Soil Profile 

The consequence to the proposed development of a small-scale slump occurring in the soil is believed to be 

“Minor” considering the relatively low loads expected from the structure. However, the slope uphill or downhill 

might be affected, and some material may slough onto the downslope structure. The chance or temporal 

probability of persons being in the area during an earth slump is low, and therefore the risk of loss of life is 

low. The consequences for persons is therefore rated as “Minor”. 

3.4.3 Failure of a Retaining Wall 

If a retaining wall failed, damage may well result to the structure, depending on many factors. In general, the 

consequences can be rated as “Minor to Medium”. The chance of persons being injured or of loss of life is 

low and the consequences to persons are therefore also rated as “Minor to Medium”. 

3.4.4 Surface Erosion 

If such an event develops and occurs, small cobbles/boulders may wash out of erosion gully slides and rolled 

downhill. The consequential damage to a structure would be “Minor”.  

3.4.5 Rockfall from upslope 

The top of the hill is >300m to the north-west of the site with multiple other properties and residential roads in 

between. Therefore, any rockfalls that do occur will have slowed in velocity by the time it reaches the 

property or be protected by developments uphill. Therefore, the consequences are assessed as “Minor”. 
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3.5  RISK ESTIMATION 

A summary of estimated risk to property and life for each of the potential hazards identified in the previous 

sections is provided in Table 2. The resulting risk level was derived using the AGS risk analysis matrix 

presented in Appendix C. 

TABLE 2: Risk Analysis Summary 

Potential Hazard 
Assessed 

Likelihood 
Assessed Consequences Risk Level 

 

Large-Scale 

Translational Slide 

 

Possible 

To Dwelling - Medium Moderate  

To People in/adjacent to dwelling – Medium Moderate 

 

Small-Scale Slumps 

in Soil 

 

Possible 

To Dwelling - Minor Moderate 

To People in/adjacent to dwelling - Minor Moderate 

 

Failure of Retaining 

Wall 

 

Unlikely 

To Dwelling – Minor to Medium Low 

To People in/adjacent to dwelling – Minor  Low 

 

Surface Erosion 

 

Unlikely 

To Dwelling - Minor Low 

To People in/adjacent to dwelling - Minor Low 

Rock Fall Unlikely 

To Dwelling –Minor Low 

To People in/adjacent to dwelling –Minor Low 
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3.6 SIGNIFICANCE OF RISKS (RISK EVALUATION) 

Risk evaluation is the process by which owners, administrators and relevant regulatory authorities can 

decide whether the potential risks (See Table 2) are acceptable, and/or whether these can be feasibly 

eliminated or reduced by remedial treatment. Implications of each level of risk are described in Appendix C. 

In this case, the overall risk to property and people is assessed to be “Low” to “Moderate”. Provided design 

and construction of the structure is undertaken in accordance with accepted procedures for hillside 

construction, and treatments are carried out to reduce the potential hazards, the risk is no higher than 

normally acceptable for residential development. 

3.7 RISK TREATMENT 

To maintain and/or reduce the risk level of slope stability during the construction of the residence and 

subsequent occupation, the following measures are recommended to be implemented: 

 Ensure footings are founded on competent material, preferably weathered bedrock. 

 Limit cut-to-fill earthworks. 

 All retaining walls should be properly designed and constructed, and positively drained. 

 Maintain adequate drainage of the site and ensure drains are free-flowing. 

 Where possible, maintain the existing vegetation cover. 

 Periodic inspection of the slope uphill for signs of erosion developing, and remediate as necessary. 

Some useful guidelines on hillside construction, prepared by the Australian Geomechanics Society, are 

presented in Appendix E. 
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4 Site Classification 

Since the site is located within a landslip zone, the site is designated as Class “P” (problem) site in 

accordance with AS2870 “Residential Slabs & Footings”. Footings should be founded in bedrock or ‘massive’ 

sandstone boulders using piers. However, sandstone bedrock was not encountered in the investigation, thus 

would be expected at depths of >1.6m. The characteristic ground surface movement “Ys”, as defined by 

AS2870 for the range of extreme dry to extreme wet moisture conditions is estimated to be between 20mm 

and 40mm. The site can therefore be treated as Class “M” (moderately reactive). 

Deemed-to-comply footing designs provided by AS2870 are applicable specifically to residential-style one 

and two-storey structures, or buildings with similar loads and superstructure stiffness.  

5 Structure Footings 

AS2870 (Reference 4) provides “deemed-to-comply” footing/slab designs, which for a class “M” site includes 

stiffened rafts, stiffened footing slabs, waffle rafts, and strip and/or pad footings with above ground floors. 

Footings and slabs should be in accordance with the principles of AS2870. 

Footings including thickened sections of slabs forming footings should be taken below the fill material and 

founded in stiff to very stiff residual soils or weathered bedrock, which can be expected below 1.6m depth. It 

is strongly recommended that footings founded in the underlying bedrock should be used, however this was 

not encountered in the investigation. 

Recommended allowable end-bearing pressures and shaft adhesion values for various footing systems and 

likely foundation materials are provided in Table 3. 

Table 3 – Recommended Allowable End-Bearing Pressures for Footings 

Foundation Material 
Type 

Depth Below 
Existing 

Surface Level 

Allowable End-Bearing 
Pressure 

Allowable Shaft Adhesion on 
Bored Piers and Anchors 

Strips Pads Bored 
Piers 

Downward 
Loading 

Uplift 

      

Newly Placed 
Controlled Fill 

- 100kPa 125kPa N.A N.A N.A 

Stiff Residual Soils ~0.6m/0.65m  100kPa. 125kPa 150kPa 15kPa 7kPa 

Highly Weathered (HW) 
Sandstone Bedrock 

>1.6m 500kPa 600kPa 750kPa 75kPa 32kPa 

 

It is recommended that footings are inspected by a geotechnical engineer prior to the pouring of concrete to 

ensure that footings are founded in adequate material.  
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6 Excavation Conditions & Use of Excavated Material 

It is understood that only shallow excavations will be required. The excavations will be through topsoil, 

residual clays and possibly into weathered sandstone bedrock and boulders. The fill material is readily 

diggable by backhoe and medium sized excavator to at least 1.15m/>1.6m depth. Moderately weathered and 

less weathered bedrock could be encountered below 1.15m/1.6m depth and would require heavy excavator, 

bulldozer ripping and rock hammering, as well as any large sandstone boulders 

Any low/medium plasticity colluvial and residual soils can be used in controlled fill construction of building 

platforms. Topsoil and existing uncontrolled fill material should not be used in controlled fill construction, 

however, it can be used for landscaping.  

If imported fill is required, a suitable select fill material would include a low or medium plasticity soil such as 

clayey sand or gravelly clayey sand, containing between 25% and 50% fines less than 0.075mm size (silt 

and clay), and no particles greater than 75mm size.  

7 Site Drainage 

Permanent groundwater was not encountered during the investigation. The permanent groundwater table is 

expected to be below the proposed excavations. Temporary perched seepages may be present following 

rain, but should be readily controllable using pumps during construction.  

Suitable surface drainage should be provided to ensure rainfall run-off or other surface water cannot pond 

against buildings or pavements. Drainage should be provided behind all retaining walls, and subsoil drains 

should be installed along the upslope sides of access roads and carparks.  

 
 

Should you require any further information, please contact our office. 

Yours faithfully, 

Fortify Geotech Pty Ltd 

Written by; Reviewed by;  

  

Jerome Sami 

Geotechnical Engineer  

 

Jeremy Murray 

Director - Senior Geotechnical Engineer 

FIEAust CPEng EngExec RPEQ NER APEC Engineer 

IntPE(Aust) 
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AERIAL PHOTOGRAPH AND BOREHOLE LOCATIONS S1589 FIGURE 2 
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Figure 3: Site Photographs 
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Appendix A 
Borehole Logs 1A & 2A  



Fortify Geotech
U2/538 Gardeners Road, Alexandria NSW 2015
Phone: 02 9188 4033

Engineering Log - Borehole

Borehole No: 1A

UTM : 56H

Easting : 345101.2

Northing : 6279997.0

RL : N/A

Total Depth : 1.6m

Driller Rig : Handheld Pushtube

Driller Supplier : Fortify Geotech

Logged By : Mitchell Mack

Reviewed By :

Date : 19/07/2022

Job Number : S1589

Client : Avenue One Design

Project : S1589 - Proposed Knockdown Rebuild

Location : 272 Whale Beach Road, Whale Beach NSW
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Silty SAND ( SM ) : Loose, fine to medium grained, brown, trace fine sized
gravel, tracelow plasticity clay, Wet to Moist.

Sandy CLAY ( CI-CH ) : Firm to stiff, medium to high plasticity, pale yellow,
fine to medium grained sand, w ≈ PL.

AS ABOVE:Stiff, 

AS ABOVE:Soft to firm, grey mottled orange, w > PL.

Sandy CLAY ( CI ) : Stiff, medium plasticity, orange, fine to medium grained
sand, w ≈ PL.

AS ABOVE:Clayey SAND ( SC ) : Medium dense, , fine to medium grained,
low to medium plasticity clay, trace fine to medium sized gravel, Dry.

Sandy CLAY ( CL ) : Stiff, low plasticity, pale grey mottled orange, fine to
medium grained sand, with fine to coarse sized gravel, w < PL.
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Engineering Log - Borehole

Borehole No: 2A

UTM : 56H

Easting : 345426.7

Northing : 6280231.1

RL : N/A

Total Depth : 1.15m

Driller Rig : Handheld Pushtube

Driller Supplier : Fortify Geotech

Logged By : Mitchell Mack

Reviewed By :

Date : 19/07/2022

Job Number : S1589

Client : Avenue One Design

Project : S1589 - Proposed Knockdown Rebuild

Location : 272 Whale Beach Road, Whale Beach NSW
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Testing Samples

0.5

1

1.5

2

0.2

0.4

0.6

1

Topsoil

Colluvium 

Residual

Residual

Residual

OL

SM

CI

CI

CI-CH

Sandy SILT ( OL ) : Soft, low plasticity, dark brown, fine to coarse grained
sand, organic, w ≈ PL.

Silty SAND ( SM ) : Loose, fine to medium grained, brown, tracemedium
plasticity clay, Wet to Moist.

 CLAY ( CI ) : Firm, medium plasticity, orange, trace fine to medium grained
sand, w ≈ PL.

AS ABOVE:Stiff, 

Gravelly CLAY ( CI-CH ) : Stiff, medium to high plasticity, orange and grey,
fine to coarse sized gravel, w ≈ PL.

2A Terminated at 1.15m (tested on soil behind 0.6m
retaining wall)

w ≈ PL

W-M

w ≈ PL

w ≈ PL

w ≈ PL

S

L

F

St

St
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Engineering Terms and Definitions 
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DESCRIPTION AND CLASSIFICATION OF SOILS 

The methods of description and classification of soils used in this report are based on the 

Australian Standard 1726 – 1993, Geotechnical site investigations. In general, descriptions 

cover the following properties – soil type, colour, secondary grain size, structure, inclusions, 

strength or density and geological description. 

Soil types are described according to the predominating particle size, qualified by the 

grading of other particles present (e.g. sandy clay) on the following basis: 

Classification Particle Size 

Clay Less than 0.002mm 

Silt 0.002mm to 0.06mm 

Sand 0.06mm to 2.00mm 

Gravel 2.00mm to 60.00mm 

Cobbles 60mm (63mm) to 200mm 

Boulders >200mm

Soils are also classified according to the Unified Soil Classifications System which is 

included in this Appendix. Rock types are classified by their geological names. 

Cohesive soils are classified on the basis of strength either by laboratory testing or 

engineering examination. The terms are defined as follows: 

Consistency Shear Strength su(kPa)   

(Representative Undrained Shear) 

Very soft < 12 <2   (~SPT “N”) 

Soft 12 - 25 2-4

Firm 25 - 50 4-8

Stiff 50 – 100 8-15

Very Stiff 100 – 200 15-30

Hard > 200 >30

Non-cohesive soils are classified on the basis of relative density, generally from the results 

of in-situ standard penetration tests as below: 

Term Relative Density   (%) SPT Blows/300mm ‘N’ 

Very loose < 15 <4 

Loose 15-35 4-10

Medium dense 35-65 10-30

Dense 65-85 30-50

Very Dense >85 >50
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SAMPLING 

Sampling is carried out during drilling to allow engineering examination (and laboratory 

testing where required) of soil or rock. 

Disturbed samples taken during drilling provide information on colour, type, inclusions and 

depending upon the degree of disturbance, some information on strength and structure. 

Undisturbed samples are generally taken by one of two methods: 

1. Driving or pushing a thin walled sample tube into the soil and withdrawing with a

sample of soil in a relatively undisturbed state.

2. Core drilling using a retractable inner tube (R.I.T.) core barrel.

Such samples yield information on structure and strength in additions to that obtained from 

disturbed samples and are necessary for laboratory determination of shear strength and 

compressibility. Undisturbed sampling is generally effective only in cohesive soils. 

Details of the type and method of sampling are given in the report. 

PENETRATION TESTING 

The relative density of non-cohesive soils is generally assessed by in-situ penetration tests, 

the most common of which is the standard penetration test. The test procedure is described 

in Australian Standard 1289 “Testing Soils for Engineering Purposes” Testing Soils for 

Engineering Purposes” – Test No. F3.1.  

The standard penetration test is carried out by driving a 50mm diameter split tube 

penetrometer of standard dimensions under the impact of a 63 kg hammer having a free fall 

of 750mm. 

The “N” value is determined as the number of blows to achieve 300mm of penetration 

(generally after disregarding the first 150mm penetration through possibly disturbed 

material). The results of these tests can be related empirically to the engineering properties 

of the soil. 

The test is also used to provide useful information in cohesive soils under certain conditions, 

a good quality disturbed sample being recovered with each test. Other forms of in situ testing 

are used under certain conditions and where this occurs, details are given in the report.  
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DEFINITIONS OF ROCK, SOIL, AND DEGREES OF CHEMICAL 
WEATHERING 

GENERAL DEFINITIONS – ROCK AND SOIL 

ROCK In engineering usage, rock is a natural aggregate of minerals connected by strong 

and permanent cohesive forces. 

Note: Since “strong” and “permanent” are subject to different interpretations, the boundary 

between rock and soil is necessarily an arbitrary one. 

SOIL In engineering usage, soil is a natural aggregate of mineral grains which can be 

separated by such gentle mechanical means as agitation in water, can be remoulded and 

can be classified according to the Unified Soil Classification System. Three principal classes 

of soil recognized are: 

Residual soils: soils which have been formed in-situ by the chemical weathering of parent 

rock. Residual soil may retain evidence of the original rock texture or fabric or, when mature, 

the original rock texture may be destroyed. 

Transported soils: soils which have been moved from their places of origin and deposited 

elsewhere. The principal agents of erosion, transport and deposition are water, wind and 

gravity. Two important types of transported soil in engineering geology and materials 

investigations are: 

Colluvium – a soil, often including angular rock fragments and boulders, which has been 

transported downslope predominantly under the action of gravity assisted by water. The 

principle forming process is that of soil creep in which the soil moves after it has been 

weakened by saturation. It may be water borne for short distances. 

Alluvium – a soil which has been transported and deposited by running water. The larger 

particles (sand and gravel size) are water worn. 

Lateritic soils: soils which have formed in situ under the effects of tropical weathering include 

all reddish residual and non residual soils which genetically form a chain of material ranging 

from decomposed rock through clay to sesqui-oxide rich crusts. The term does not 

necessarily imply any compositional, textural or morphological definition; all distinctions 

useful for engineering purposes are based on the differences in geotechnical characteristics.  
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ROCK WEATHERING DEFINITIONS 

Extremely 

Weathered 

(EW) 

Rock substance affected by weathering to the extent that the rock exhibits 

soil properties, i.e. it can be remoulded and can be classified according to 

the Unified Classification System, but the texture of the original rock is still 

evident. 

Highly 

Weathered 

(HW) 

Rock substance affected by weathering to the extent that limonite staining 

or bleaching affects the whole of the rock substance and other signs of the 

chemical or physical decomposition are evident. Porosity and strength may 

be increased or decreased compared to the fresh rock usually as a result 

of iron leaching or deposition. The colour and strength of the original fresh 

rock substance is no longer recognisable.  

Moderately 

Weathered 

(MW) 

Rock substance affected by weathering to the extent that staining extends 

throughout the whole of the rock substance and the original colour of the 

fresh rock is no longer recognisable.  

Slightly 

Weathered  

(SW) 

Rock substance affected by weathering to the extent that partial staining or 

discolouration of the rock substance, usually by limonite, has taken place. 

The colour and texture of the fresh rock is recognisable. 

Fresh (Fr)  Rock substance unaffected by weathering. 

The degrees of rock weathering may be gradational. Intermediate stages are described by 

dual symbols with the prominent degree of weathering first (e.g. EW-HW). 

The various degrees of weathering do not necessarily define strength parameters as some 

rocks are weak, even when fresh, to the extent that they can be broken by hand across the 

fabric, and some rocks may increase in strength during the weathering process. 

Fresh drill cores of some rock types, such as basalt and shale may disintegrate after 

exposure to the atmosphere due to slaking, desiccation, expansion or contraction, stress 

relief or a combination of any of these factors.   

AN ENGINEERING CLASSIFICATION OF SEDIMENTARY ROCKS 

This classification system provides a standardised terminology for the engineering 

description of the sandstone and shales in the Sydney area, but the terms and definitions 

may be used elsewhere when applicable. Where other rock types are encountered, such as 

in dykes, standard geological descriptions are used for rock types and the same descriptions 

as below are used for strength, fracturing and weathering. 

Under this system rocks are classified by Rock Type, Strength, Stratification Spacing, 

Degree of Fracturing and Degree of Weathering. These terms do not cover the full range of 

engineering properties. Descriptions of rock may also need to refer to other properties (e.g. 

durability, abrasiveness, etc) where these are relevant. 
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ROCK TYPE DEFINITIONS 

ROCK TYPE DEFINITION 

Conglomerate: 
More than 50% of the rock consists of gravel sized (greater than 2mm) 

fragments. 

Sandstone: More than 50% of the rock consists of sand sized (0.06 to 2mm) grains. 

Siltstone: 
More than 50% of the rock consists of silt-sized (less than 0.06mm) 

granular particles and the rock is not laminated. 

Claystone: 
More than 50% of the rock consists of silt or clay sized particles and the 

rock is not laminated. 

Shale: 
More than 50% of the rock consists of silt or clay sized particles and the 

rock is laminated. 

Rocks possessing characteristics of two groups are described by their predominant particle 

size with reference also to the minor constituents, e.g. clayey sandstone, sandy shale. 

STRATIFICATION SPACING 

Term Separation of Stratification Planes 

Thinly Laminated < 6mm 

Laminated 6mm to 20mm 

Very thinly bedded 20mm to 60mm 

Thinly bedded 60mm to 0.2m 

Medium bedded 0.2m to 0.6m 

Thickly bedded 0.6m to 2m 

Very thickly bedded > 2m

DEGREE OF FRACTURING 

This classification applies to diamond drill cores and refers to the spacing of all types of 

natural fractures along which the core is discontinuous. These include bedding plane 

partings, joints and other rock defects, but exclude known artificial fractures such as drilling 

breaks.  

Term Description 

Fragmented: 
The core is comprised primarily of fragments of length less than 

20mm, and mostly of width less than the core diameter 

Highly Fractured: 
Core lengths are generally less than 20mm – 40mm with occasional 

fragments. 

Fractured: 
Core lengths are mainly 30mm – 100mm with occasional shorter 

and longer section. 

Slightly Fractured: 
Core lengths are generally 300mm – 1000mm with occasional 

longer sections and occasional sections of 100mm – 300mm. 

Unbroken: The core does not contain any fracture. 
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ROCK STRENGTH 

Rock strength is defined by the Point Load Strength Index (Is 50) and refers to the strength 

of the rock substance in the direction normal to the bedding. The test procedure is described 

by the International Society of Rock Mechanics. 

Term 

Point Load 

Index Is(50) 

MPa 

Field Guide 

Approx 

qu 

MPa* 

Extremely Weak: 0.03 
Easily remoulded by hand to a material with 

soil properties. 
0.7 

Very Weak: 0.1 
May be crumbled in the hand. Sandstone is 

“sugary” and friable. 
2.4 

Weak: 0.3 

A piece of core 150mm long x 50mm dia. 

May be broken by hand and easily scored 

with a knife. Sharp edges of core may be 

friable and break during handling. 

7 

Medium Strong: 1 

A piece of core 150mm long x 50mm dia. 

can be broken by hand with considerable 

difficulty. Readily scored with knife. 

24 

Strong: (SW) 3 

A piece of core 150mm long x 50mm dia. 

core cannot be broken by unaided hands, 

can be slightly scratched or scored with 

knife. 

70 

Very Strong (SW) 10 

A piece of core 150mm long x 50mm dia. 

may be broken readily with hand held 

hammer. Cannot be scratched with pen 

knife. 

240 

Extremely Strong 

(Fr) 
>10

A piece of core 150mm long x 50mm dia. is 

difficult to break with hand held hammer. 

Rings when struck with a hammer. 

>240

The approximate unconfined compressive strength (qu) shown in the table is based on an 

assumed ration to the point load index of 24:1. This ratio may vary widely. 



NATURE OF FINES DRY STRENGTH

GW
Well graded gravels and gravel-
sand mixtures, little or no fines

GOOD Wide range in grain size GW 0-5 - >4
Between 1 and 

3

GP
Poorly graded gravels and gravel-
sand mixtures, little or no fines

POOR
Predominantly one size or 

range of sizes
GP 0-5 -

GM
Silty gravels, gravel-sand-silt 
mixtures

Fines are non-plastic (1) GM 12-50
Below 'A' line 

and lp >7
- -

GC
Clayey gravels gravel-sand-clay 
mixtures

Fines are plastic (1) GC 12-50
Above 'A' 

line and Ip > 
7

- -

SW
Well graded sands and gravelly 
sands, little or no fines

GOOD Wide range in grain size SW 0-5 - >6
between
1 and 3

SP
Poorly graded sands and 
gravelly sands, little or no fines

POOR
Predominantly one size or 

range of sizes
SP 0-5 -

SM Silty sand, sand-silt mixtures Fines are non-plastic (1) SM 12-50
Below 'A' line 

or Ip < 4
- -

SC Clayey sands, sand-clay mixtures Fines are plastic (1) SC 12-50
Above 'A' 

line and Ip > 
7

- -

DRY STRENGTH DILATANCY

ML
Inorganic silts, very fine sands, 
rock flour, silty or clayey fine 
sands.

None to low Quick to slow ML
Below 
'A' line

CL
Inorganic clays of low to medium 
plasticity, gravelly clays, sandy 
clays, silty clays, lean clays.

Medium to high None to very slow CL
Above 
'A' line

OL
Organic silts and organic silty 
clays of low plasticity

Low to medium Slow OL
Below
 'A' line

MH
Inorganic silts, micaceous or 
diatomaceous fine sands or silts, 
elastic silts.

Low to medium Slow to none MH
Below
 'A' line

CH
Inorganic clays of high plasticity, 
fat clays.

High to very high None CH
Above
 'A' line

OH
Organic clays of medium to high 
plasticity.

Medium to high None to very slow OH
Below 
'A' line

Pt
Peat muck and other highly 
organic soils.

Pt*

Unified Soil Classification System (Metricated)
Data for Description Indentification and Classification of Soils
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Qualitative Terminology of Risk Management
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Appendix D 
 

 

Flowchart for landslide Risk Management



A NATIONAL LRM FRAMEWORK FOR AUSTRALIA

FRAMEWORK FOR LANDSLIDE RISK MANAGEMENT

HAZARD ANALYSIS i

Figure 2: Abblcviated llowchalt lbr Landslidc Risk Managemcnl.
Rcl: AGS (2(X)7a. 2007c)

Ausiral an Geomechanics Vol 42 No 1 [,4arch 2007

After FeI et al, (2445)
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Appendix E 
 

 

Guideline for Hillside Construction 
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(02) 9188 4033 

FortifyGeotech.com.au 

Consulting Engineers 24 Chapel Street, Marrickville NSW 2204 

PO Box 9225, Deakin ACT 2600 

 

Limitations in the Use and Interpretation of this Geotechnical Report  

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 facility and should be 

made available to potential contractors and/or the Contractor for information on factual data only. This report 

should not be used for contractual purposes as a warranty of interpreted subsurface conditions such as those 

indicated by the interpretive boring 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 exploratory borings, test pits, and/or probes are representative of the 

subsurface conditions of the site. If, during construction, subsurface conditions are found which are significantly 

different from those observes in the exploratory borings and test pits, or assumed to exist in the excavations, we 

should be advised at once so that we can review these conditions and reconsider our 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 the recommendations considering 

the changed conditions and time lapse.  

The Summary Boring Logs are our opinion of the subsurface conditions revealed by periodic sampling of the 

ground as the borings progressed. The soil descriptions and interfaces between strata are interpretive and actual 

changes may be gradual. 

The boring logs and related information depict subsurface conditions only at the specific locations and at the 

particular time designated on the logs.  Soil conditions at the other locations may differ from conditions occurring 

at these boring locations. Also, the passage of time may result in a change in the soil conditions at these boring 

locations. 

Groundwater levels often vary seasonally. Groundwater levels reported on the boring 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, borings or test pits. Such unexpected conditions frequently require that additional 

expenditures be made to attain a properly constructed project. It is recommended that the Owner consider 

providing a contingency fund to accommodate such potential extra costs.  

This firm 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.  
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