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This Report (which includes all attachments and annexures) has been prepared by 
JK Geotechnics (JK) for its Client, and is intended for the use only by that Client. 
 
This Report has been prepared pursuant to a contract between JK and its Client and is 
therefore subject to: 

a) JK’s proposal in respect of the work covered by the Report; 

b) the limitations defined in the Client’s brief to JK; 

c) the terms of contract between JK and the Client, including terms limiting the liability of 
JK. 

 
If the Client, or any person, provides a copy of this Report to any third party, such third 
party must not rely on this Report, except with the express written consent of JK which, if 
given, will be deemed to be upon the same terms, conditions, restrictions and limitations 
as apply by virtue of (a), (b), and (c) above. 
 
Any third party who seeks to rely on this Report without the express written consent of JK 
does so entirely at their own risk and to the fullest extent permitted by law, JK accepts no 
liability whatsoever, in respect of any loss or damage suffered by any such third party. 
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1 INTRODUCTION 
This report presents our geotechnical assessment of the proposed development site comprising 

the existing numbers 1, 1A and 5 Avon Road, and 4 and 8 Beechworth Road, Pymble, as shown 

on the attached Figure 1.  The initial assessment was commissioned by Mr Jim Neale in response 

to our Proposal (Ref: P31535Wemail) dated 2 October 2009.  

 

The geotechnical assessment is based on our walkover survey of the site, together with data 

available from other development sites nearby.  The purpose of the assessment was to provide 

information required by the Director-General's Requirements (DGR) dated 11 February 2009 

(Application No MP 08-0207).  DGR Item ‘11 Geotechnical and Hydrogeological’ states:  

"A geotechnical assessment is required to: 

• Ensure that the land is capable of supporting the proposed development; 

• Assess the potential slip hazard on steep slopes; 

• Assess the potential impact on ground water flows and downstream ecosystems 

(including the creeks) and any measures proposed to mitigate them; 

• Assess the potential of any development to intersect groundwater flows and the 

measures proposed to mitigate the impact of the development." 

 

We note that a meeting was held between the parties on 23 April 2009 to further understand the 

DGR. 

 

A previous walkover survey and geotechnical assessment was prepared by this company and 

has been reported in our letter report dated 4 June 1993 (Ref. 9594W/a). This current report 

updates that previous assessment and addresses the issues raised by the DGR in relation to the 

development proposals. 

 

Since preparing our initial report, the details of the proposed development have been amended. 

The current development proposals are discussed in Section 4.1 below. We have revised the 

report by updating Figure 3 as attached, with minor amendments of Section 4 to suit.  This Rev2 

of our report supersedes the original version dated 6 November 2009 (ref. 23513Wrpt), and the 

revised report dated 19 November 2010 (Ref 23513Wrpt Rev1). 
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2 ASSESSMENT PROCEDURE 

Our assessment of the site has involved the following: 

• A walkover survey across the site area using limited available tracks.  This was carried out 

by a Principal of this company, Mr Bruce Walker on 27 October 2009 after a period of wet 

weather.  We note that access in the central part of the site was limited due to dense 

vegetation cover. 

• During the walkover survey, observation was also made of the adjacent cuttings within the 

rail corridor for the North Shore Railway Line. 

• Inspection of the Sydney geological map (Scale 1:100,000). 

• Review of data from nearby sites held in the archives of Jeffery and Katauskas.  In 

particular, we have referred to boreholes completed to the north-east of the project at the 

southern end of Clydesdale Place and boreholes completed to the south-east of the project 

at the corner of Avon Road and Pymble Avenue.  In addition, other investigations have 

been carried out at the nearby Pymble Ladies College (PLC), but these are typically at 

lower elevations than the subject site. 

• During the walkover survey, site features were mapped relative to the features shown on 

the survey plan provided.  This survey plan forms the basis for Figure 1 and is understood 

to have been prepared by Daw & Walton, Surveyors (Job No 800-09) and is based on a 

survey completed in 2009.  It is understood that levels shown on the plan are to Australian 

Height Datum (AHD).  Additional observations of hillside slopes have been carried out using 

a hand held inclinometer.  The resultant ground slopes and morphological features shown 

on Figure 1 use the symbols illustrated on the attached Figure 2.  Selected photographs 

have also been included. 

 

A set of explanatory notes attached to this report gives further explanation of some of the terms 

and methodologies referred to herein. 

 

We note that examination of Nearmap satellite image taken on 6 November 2012 shows site 

conditions appear to be unchanged from those observed in 2009. 
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3 RESULTS OF ASSESSMENT 

3.1 Summary of Observations 

The site is located on hillside slopes which are generally sloping to the south-west.  The North 

Shore Railway Line forms the north-eastern site boundary.  The site is irregular in shape, due to 

the combination of lots involved for the proposed development (Figure 1).  Typically, the main site 

area for development is about 160m wide (north-west to south-east) by about 150m deep (north-

east to south-west). 

 

The principal topographic features are localised ridges on the main hillside slope, which are 

roughly followed by Beechworth Road to the north-west, and Avon Road to the south-east of the 

property.  Ground slopes on the ridge lines are typically at about 7° to 8° at the upper elevation of 

the subject site, but flatten at lower elevations beyond the site to less than 5°.  

 

Between these two ridges there is a drainage gully which drains to the south-west.  The hillside 

slopes within the site are from the ridge lines towards the drainage gully and typically are at about 

8° to 10° on the ridge lines which are gently rounded.  The slopes steepen typically to between 

about 18° to 26° with some locally steeper slopes immediately adjacent to the drainage gully.  

These local steeper slopes are at about 25° to 30°.  The drainage gully is incised by typically 

about 3m to 4m below the intermediate hillside slopes.  At the time of the walkover, some surface 

water flow was occurring within the drainage gully due to rain storms in the preceding days.  

The drainage gully area is heavily overgrown and access was limited to localised tracks. 

 

The North Shore Railway Line has been constructed by cut and fill approximately as indicated on 

Figure 1, as shown on Photograph 1.  Substantial cuts are present at Beechworth Road, exposing 

an estimated 6m to 7m of weathered shale and residual clays (Photograph 2).  The shale at the 

base of the cutting was estimated to have been formed at about 60° to the horizontal and 

appeared to be a stronger, less weathered shale.  Surface fretting and erosion of the shale 

bedrock was apparent and shotcrete protection is present on the north-eastern side of the shale 

cuttings (Photograph 1).   

 

Shale bedrock was also exposed in the railway cutting adjacent to No 1 Avon Road, although the 

depth of cut was substantially less, being estimated at about 4m to 6m as seen in Photograph 3.  

The shale appeared to be of poorer quality, being more weathered and fragmented, and is similar 

to the upper shales at the Beechworth Road cut.  The approximate extent of the two cuts is 

shown in Photograph 1.  Between the two cuts, a fill embankment is present and could be 
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observed from the site boundary with the rail corridor.  The fill batter appeared to be of about 4m 

to 5m in overall height and was estimated to be at about 25° to 30° to the horizontal overall.  

However, the batter profile appeared to be locally steeper nearer the crest.  The toe of the fill 

batter was set back about 3m to 5m (estimated) from the boundary fence marked by rail uprights. 

 

Existing residential dwellings are present on the lots around the perimeter of the development 

site, as indicated on Figure 1.  The condition of these existing dwellings varies and localised cut 

and fill appears to have taken place during a past development.   

 

It was noted during our 1993 site visit that No 4 Beechworth Road was in a relatively poor 

condition and had been extended a number of times.  Evidence of differential movement of the 

brick structure was apparent from cracking.   

 

We understand that the dwelling was demolished in about 1994.  The area formerly occupied by 

the dwelling was found to be heavily overgrown, obscuring apparent remnant retaining walls or 

batters formed after demolition.  A steeper batter, estimated at about 30°, appeared to be present 

along the eastern side of the former dwelling location.  A brick retaining wall of about 1.5m height 

was present on the western side of the old tennis court uphill/west of the former dwelling location.  

The brick walls were leaning forward at the southern end, and were cracked/bulging at the north-

western corner. 

 

No 8 Beechworth Road was a newer dwelling, but in 1993 still appeared to have some evidence 

of differential movement, particularly around the garage and patio areas.  This property was not 

reinspected during our 2009 walkover survey.  It was noted however that the hillside slopes 

around No 8 were relatively uniform and, as discussed above, steepened towards the drainage 

gully. 

 

Relatively steep batters are adjacent to No 10A Beechworth Road, located at the corner of the L-

shape on the western side.  The batter was heavily overgrown and appeared to be formed by fill 

extending onto the site (Photograph 4).  Landscaped lawn and terrace areas are adjacent to the 

northern side of No 10A.  

 

The dwelling at No 1 Avon Road is located on the ridge line on the eastern corner of the block.  

Access is provided from the extension of Avon Road parallel to the railway.  Localised excavation 

appears to have been carried out for formation of the roadway, exposing residual clay soils with 
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weathered shale fragments, forming an irregular steep batter of about 2m height.  The clays were 

of medium to high plasticity. 

 

The building on No 1 has not been examined for evidence of cracking. The area surrounding this 

dwelling has been extensively modified by past landscaping.  Some of the landscaping features 

are shown on the survey plan (Figure 1).  Sandstone block retaining walls are present around the 

terraced areas on the western side of the dwelling and, where visible, appeared to be in 

reasonable condition.   

 

A disused tennis court is located in the gully area towards the southern end of the lot.  The tennis 

court area appears to have been formed by past cut into the hillside slopes and filled close to the 

drainage gully.  The tennis court is severely overgrown.  The cut batters were supported by 

terraced garden-type areas supported by sandstone flagstones, as shown in Photograph 5.  

The overall cut height was estimated to be about 3m at about 36° to the horizontal. 

 

The dwelling at No 5 Avon Road straddled the ridge line location.  Ground slopes at the front 

were towards the south-east onto Avon Road, typically at about 6° to the south and south-east.  

To the west of the dwelling, hillside slopes increased from about 7° to 10° to the west and south-

west and increased to 14° to 20° on the steeper slopes at lower elevations.  The dwelling at No 5 

appeared to be vacant and was fire-damaged. 

 

The drainage gully in the centre part of the site appears to be fed from a drainage culvert passing 

beneath the southern end of the railway fill batter.  Discharge from this culvert has caused local 

scour erosion at the foot of the fill batter and within the adjoining gully area on the subject site.  

The main drainage gully passes roughly southwards through the site and thence onto the 

adjacent No 1 Arilla Avenue and into a piped culvert. 

 

3.2 Anticipated Subsurface Conditions 

The 1:100000 geological map identifies the shale bedrock at the site to be Ashfield Shale of the 

Wianamatta Group.  The shales are shown to extend to lower elevations beyond the site where 

the transition to the underlying Hawkesbury Sandstone occurs.  Past investigations carried out for 

the nearby PLC school have encountered predominantly shale bedrock below the area of the 

main school buildings close to the oval.  However, further to the south, sandstone bedrock has 

also been encountered.  The clay soil profiles vary from about 1m to 4m in depth and confirmed 

the clays to be of moderate to high reactivity to seasonal changes in moisture content. 
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A preliminary investigation was carried out at the south-western end of Clydesdale Place about 

70m north-east from No 1 Avon Road.  The investigation comprised one augered borehole which 

encountered a relatively shallow residual clay profile of about 0.3m grading into distinctly 

weathered shale of very low to low strength.  This relatively poor quality shale extended to about 

8.5m depth and thereafter the shale became of low to medium strength.  Groundwater was not 

encountered during drilling. 

 

More extensive investigations have been carried out for the development at the corner of Avon 

Road and Pymble Avenue about 300m to 400m south-east from No 1 Avon Road.  Relatively 

deep cored boreholes were completed on this site, though it is noted that there were significant 

changes in elevation due to the steep topography and drainage gully present at that site.  The 

residual clays of medium to high plasticity were encountered to depths of about 2m to 3.6m below 

existing ground levels.  The underlying weathered shale bedrock was extremely weathered and of 

extremely low to low strength at first contact.  With depth, the degree of weathering decreased 

and there is a commensurate increase in rock strength.  The upper shales of poor quality, being 

typically Class 5 to Class 4 shales, extended to depths varying between about 8m to 15m below 

existing ground levels.  The underlying shale was typically of better quality, being of Class 3 to 

Class 1, depending on elevation and location across the site.  Groundwater seepage was 

encountered within the upper poor quality shale, typically at depths between about 5m to 7m 

below existing grade.  No long-term groundwater monitoring had been completed at the time of 

our investigation report.  It is noted that observations during excavation on that site indicate only 

localised groundwater seepages from the cut faces. 

 

From these adjacent investigations and the cut batters on the North Shore Railway Line, a 

subsurface profile of residual clays of medium to high plasticity grading into the underlying 

weathered shale can be anticipated on the development site.  The depth of clays is likely to be 

about 2m to 3m on the ridge lines, and may be less in the drainage gully.  Upper shales will be of 

relatively poor quality and very low to low strength. 

 

Due to the hillside location and topography of the site, it is considered that the site, including the 

gully, would be subject to surface erosion over geological time.  It is considered unlikely there 

would be any deposition over the site, even within the gully, over geological time. 
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4 COMMENTS AND PRELIMINARY RECOMMENDATIONS 

4.1 Proposed Development 
It is understood that the current proposed development will comprise a multi-storey residential 

development with four building blocks.  The Site Layout Plan provided by Marchese Partners 

(unreferenced), is presented on Figure 3.  We understand development will commence with 

Building 1. 

 

It is understood the buildings will vary in height from five residential levels (Building 1) to nine 

residential levels (Building 3), with the maximum height adjacent to the gully, due to the drop in 

ground level towards the gully.  Basement carparking is proposed beneath the buildings, varying 

from one to four carparking levels.  Maximum excavation depths at each block below existing 

ground level vary from about 8m to 16m.   

 

We note that Buildings 1, 3 and 4 are on the south-eastern side of the existing drainage gully, 

with the Building 5 being more removed from the drainage gully on the north-western side off 

Beechworth Road. Access to the blocks is via a driveway system, as indicated on Figure 3.  In the 

absence of specific design loads, we would assume moderate to high column loads.   

 

4.2 Suitability for Proposed Development 
Although the site has topographic constraints associated with the two ridgelines and the central 

gully, the overall hillside slopes are only up to moderate in slope, and are similar to other slopes 

along the North Shore ridgeline already developed for residential purposes, such as in 

Turramurra, Gordon and Killara.  In addition, the anticipated subsurface profile is typical of most 

of the North Shore ridgeline, being residual clays grading into the underlying weathered shales.   

 

The nature of the proposed development is relatively routine and proven engineering solutions 

are available for the proposed extent of excavation.  We outline in the sections following the 

appropriate engineering recommendations to cater for the anticipated subsurface conditions, 

given the scope of the proposed development.   

 

We consider the site is suitable from a geotechnical perspective for the proposed development. 
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4.3 Landslide Risk Assessment 

Landslides are known to occur in the Ashfield Shales found in the West Pennant Hills to Castle 

Hill area on westerly facing slopes.  The accepted cause of these landslides is a combination of 

deforestation together with geological features associated with minor folding of the strata.  To our 

knowledge, no such landslide features have been identified on the North Shore ridgeline.  There 

is no indication from the site topography and site performance that such landslide features are 

found on the subject site.  Therefore, we consider the site is not subject to large scale instability 

associated with the geological setting.   

 

Landslide hazards can be present or caused by development such as due to cuts and fills.  

Proven long term stability along the North Shore Railway Line illustrates the overall stability of 

cuts formed typically at about 1 Vertical (V) in 1.5 Horizontal (H) to 1V:1.25H within the residual 

clay and upper weathered shale profile.   

 

Similarly, instability of the rail embankments is generally not problematic, though it is understood 

that past instability has occurred on a fill embankment just south of Turramurra Station.  There 

was no evidence noted of such instability on the rail embankment adjacent to the subject site.  

Therefore, we have considered the site topographic features in accordance with the Australian 

Geomechanics Society ‘Practice Note – Guidelines for Landslide Risk Management (AGS2007c)’ 

as discussed below. 

 

Our landslide risk assessment has been prepared on a qualitative basis from our assessment of 

the potential landslide hazards at the site and the indicative consequences to property should be 

landslide hazard occur.  (We note that we have not attempted any quantification of the cost of 

consequences, but have adopted the qualitative description given in Appendix A tables.)  Based 

on this, the qualitative risk to property has been determined.  The terminology adopted for the 

qualitative assessment is in accordance with Table A1 given in Appendix A. 

 

We have considered five indicative landslide hazards relevant for the site and subject 

development are considered in the attached Table A.  These hazards comprise: 

• Instability of the natural hillside slopes (A). 

• Instability of existing fill batters – either associated with the existing North Shore Railway 

Line (B) or the localised batter at No 10A Beechworth Road (C). 

• Instability of cut batters where unsupported by properly engineered retaining walls, but 

batters are assumed to be cut to 1V:2H as recommended below (D). 
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• Instability of proposed retaining walls, which are assumed to be properly engineered in 

accordance with recommendations given below (E). 

 

We note that our evaluation of the frequency of the landslides is based on two considerations.   

 

Firstly, the probability of landsliding is expected to be significantly less than that experienced in 

the Pittwater area, since there is no known or reported landslides in the vicinity of the site or in 

similar settings elsewhere on the North Shire ridgeline.  Therefore, the indicative annual likelihood 

of instability of the natural hillside slopes is considered to be less than 10-5pa.  Similarly, for 

unsupported cut batters, the likelihood of instability would be related to the batter angle and the 

recommended batters have a proven low probability of failures.   

 

Secondly, evidence from the cuts formed for the North Shore Railway Line is that typically the cut 

batters have remained stable since excavation in the late 1890s or early 1900s, though localised 

surface fretting does occur in the weathered shales.  In addition, some localised earth slumps can 

occur in the residual profile in the vicinity of the crest of the relatively steep slopes which are 

typically at about 35° to 40° to the horizontal.   

 

From our site mapping, the cut batters on the rail line will not directly affect the subject site.  In 

addition, we anticipate that all required basement excavations will be provided with properly 

engineered retaining walls as discussed below.  If required for access roads or landscaping, cut 

batters would be recommended at no steeper than 1V:2H through the residual soils. 

 

The existing fill batter at the rail line is also considered to have a relatively low probability of failure 

based on its performance since construction in the 1890s.  In addition, such embankments have 

generally remained stable along the North Shore Railway Line, with the exception noted above. 

Therefore, we anticipate that the annual probability of failure of this fill embankment would be 

about or less than 10-4pa.  At this stage, we have conservatively assessed a higher probability of 

instability of the apparent fill batter associated with No 10A.  However, we note this batter is 

relatively minor and will not directly affect any of the proposed development. 

 

The fill batters are anticipated to be comprised of clay and weathered shale derived from nearby 

cuts/ excavation.  Should instability occur, the run-out distance for such material and size/ height 

of fill embankment would be expected to be limited to between about 3m and 20m from the 

embankment toe. 
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We have assessed the consequences to property, as summarised in Table A, considering the 

likely scale of the instability relative to the layout shown on Figure 3. 

 

The attached Table A indicates that the assessed risk to property would be Low to Very Low, 

which would be considered to be ‘acceptable’ in accordance with the criteria given in 

Reference 1.  These criteria have also been adopted by other development authorities, such as 

Pittwater Council and for the Kosciusko National Park. 

 

We have also used indicative probabilities associated with the assessed likelihood of instability to 

calculate the risk to life.  We have assumed that the person most at risk is either a person walking 

regularly through the landscaped garden areas or a nominal person accessing carparking within 

the basements or site access driveways. The temporal and vulnerability factors that have been 

adopted are given in the attached Table B, together with the resulting risk calculation.  Our 

assessed risk to life for the person most of risk is about 5x10-7pa.  This also would be considered 

to be ‘acceptable’ in relation to the criteria given in Reference 1. 

 

In preparing the above assessment we recognise that, due to the many complex factors that can 

affect the site, the subjective nature of a risk analysis, and the imprecise nature of the science of 

geotechnical engineering, that the risk of instability of a site and/or development cannot be 

completely removed.  It is, however, essential that that risk be reduced to at least that which can 

be reasonably anticipated by the community in everyday life, and that landowners be made aware 

of reasonable and practical measures available to reduce risk as far as possible.  Therefore, the 

recommendations given below have been proposed to achieve this aim. 

 

We consider that our risk analysis has shown that the site and proposed development can 

achieve the acceptable risk management criteria usually adopted for residential developments, 

provided the recommendations given below are adopted. These recommendations form an 

integral part of the landslide risk management process. 
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4.4 Impact on Groundwater Flows 

The site is located near the major topographic feature of the North Shore ridgeline.  Although it is 

located on the western side slopes, the site is still at a relatively high elevation.  Nonetheless, 

there is still a groundwater catchment area to the east which may be controlling the groundwater 

levels present on site.  Groundwater levels would be expected to fluctuate seasonally by about 

1m to 2m between wet and dry periods. 

 

Experience on the adjacent developments to the north-east and south-east indicate that 

groundwater is not a major constraint and only localised seepages would be anticipated in the 

upper weathered shale horizons.  It is anticipated that such groundwater seepage would naturally 

be flowing to the main drainage gully passing through the subject site, as this gully is at a lower 

elevation than the adjacent ridgelines bordering the south-eastern and north-western sides of the 

site.   

 

The proposed basement excavations may intersect some of the groundwater flows where the 

basement is locally deeper than, say, 6m.  The flow quantity would be relatively minor and readily 

controllable using conventional subsurface drains associated with basement construction.  

Discharge from these drainage provisions would be via the stormwater system to the gully.  

Therefore the net effect of these basement excavations on flows into the drainage gully would be 

very limited and would not have any measurable effect. Some localised lowering of groundwater 

levels may be associated with the basement excavation, with areas adjacent to the deeper 

basement excavation possibly having a local drawdown of about 1m to 2m on the high side 

(typically to the north-east).  As the site is predominantly bordered by the North Shore Railway 

Line, which already has excavations of a similar depth, the anticipated effect is relatively minor, if 

any. 

 

4.5 Excavation 

Excavations into the soil and more weathered shale of up to low strength should be readily 

achieved using conventional tracked excavators with increasing use of a ripping tyne to loosen 

materials as they become stronger, less weathered with depth.  For excavations up to about 6m 

depth, it is likely that ‘hard rock’ excavation techniques will not be required.  For the locally deeper 

excavations between, say 6m to 16m, some hard rock excavation may be anticipated.  Such 

excavation would be readily accomplished by means of rock hammers, where the volume of 

excavation is limited.   
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Proximity of excavations to adjoining structures usually determines the need for extensive 

dilapidation reports and vibration monitoring.  Given the basement set back from adjacent existing 

development, we anticipate that rock excavation techniques will be possible using conventional 

rock hammers typically of up to 600kg size.  Use of vibration monitoring would be recommended 

on any existing development within, say, 15m from the hard rock excavation.  Such a setback 

may apply to No 3 or No 7 Avon Road, No 1 Arilla Road, and No 6 Beechworth Road. 

 

We note that for larger excavation volumes, use could be made of large dozer tractors, such as 

Caterpillar D10 or equivalent.  The need or appropriate use of such equipment may be better 

established once the geotechnical conditions are better defined by the detailed site investigations. 

 

4.6 Excavation Support 

The options for excavation support will involve a combination of the following: 

• Temporary batter slopes, which may be formed in the residual soils and extremely 

weathered, extremely low to very low strength shale, at 1H:1V.  Permanent batter slopes 

through these materials should be 1V:2H and the batter faces should be protected from 

erosion by revegetation, stone pitching or similar.  Furthermore, allowance should be made 

for horizontal berms at the base of such temporary or permanent batter slopes where there 

is to be a steeper rock cut below, in order to enable barriers to be placed to collect loose 

material which otherwise may cause health and safety issues for workers within the 

excavation below. 

• Temporary batter slopes in low to medium strength shale can sometimes be cut vertically to 

a reasonably stable condition.  However, it should be anticipated there will be some steeply 

dipping joints and it would be more appropriate to adopt a batter of 2V:1H to avoid the need 

for most temporary stabilisation works, such as rock bolts, shotcrete and mesh, or 

combinations thereof. Permanent batters of 1V:1H should be adopted together with surface 

protection against long term fretting/ erosion such as by shotcrete or stone pitching. 

• Permanent support to cuts in weathered shale in which temporary batters have been 

formed, would normally be provided by means of retaining walls braced by the building 

structures within the excavations.  Even low to medium strength shale requiring rock 

excavation methods is likely to require some support, and allowance should be made in 

costing accordingly.  Where basement retaining walls are supporting backfill to temporary 

excavations, then the walls should be designed for a coefficient of lateral earth pressure ‘at 

rest’, Ko = 0.6, together with a bulk density for the backfill of 20kN/m3. Allowance should be 
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made for surcharge loads in addition to the above. Provision must be included for 

permanent and complete subsurface drainage measures behind such walls. 

• Where temporary batters cannot be formed or are not desirable, then excavation should be 

supported by anchored soldier pile walls, assuming there are no movement sensitive 

structures within the zone of influence of the excavation.  The zone of influence from the 

excavation is a horizontal distance equal to twice the vertical depth of excavation at the 

basement line.  If there are movement sensitive structures within the zone of influence, then 

contiguous pile walls may be preferred.  It is anticipated that the piles for either the soldier 

pile or contiguous pile wall would be most economically formed by means of conventional 

bored piles.  The use of ground anchors where excavation depths are greater than about 

2m to 3m is normal practise.  Where such anchors may extend beyond property 

boundaries, then the permission of adjoining property owners must be sought. 

This approval may become a design constraint for any basements adjacent to the rail 

corridor, as railway authorities have been known to refuse permission for even temporary 

anchorages.  There could also be an issue with installation of anchorages adjoining the 

steeply sloping creek banks where locally ground slopes are as steep as 30°, and ground 

anchors would be inclined at very steep angles to obtain any kind of anchorage and may 

therefore be inefficient.   

• For preliminary design purposes, anchored soldier pile walls not adjacent to movement 

sensitive structures, may be designed on the basis of a trapezoidal pressure as shown in 

the attached Figure 4.  It is anticipated that shotcrete infill would be provided in vertical 

stages between the anchored soldier piles.  Depending on the operational requirements of 

the building, a dry wall is sometimes constructed in front of the shoring system, since it is 

possible there may be some dampness or long term seepage.  Subsurface drainage 

measures would usually be installed behind the shotcrete panels as each panel is 

constructed.   

• Consideration could also be given to soil nail walls comprising a grid of ground anchors 

typically on about 1.5m spacing both vertically and horizontally, tied into a reinforced 

shotcrete facing that can be used as both temporary and permanent support for 

excavations. 

• Further advice on suitable retention schemes and design values should be provided based 

on additional geotechnical investigations. 
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4.7 Footing Design 

It is anticipated that the moderate column loads will be located over the basement excavations.  

Therefore the most likely footing system would be conventional pad footings excavated at 

basement level.  For uniformity of support, the footings should all be founded on the shale 

bedrock, unless allowance is made for differential movements.  For pad footings within the 

basement excavations, preliminary design may be based on an allowable bearing pressure of 

1,000kPa, provided low to medium strength shale is encountered at the appropriate founding 

depth.  Higher bearing pressures would be possible in the better quality shale and deeper 

basement excavations.  Alternatively, where the basement excavation is relatively shallow, bored 

pier footings may be required for uniformity of support.  Some localised groundwater flows may 

occur into the bored piers and may require either use of dewatering equipment or, alternatively, 

placement of concrete using tremie techniques. 

 

For any relatively small structures founded on the residual clay soils, high level footings may be 

adopted.  Such footings should be in accordance with the requirements of a Class H site in 

accordance with AS2870.  Stiffened raft slabs or even pier and beam construction may be 

preferred.  It is noted that the effect of existing large trees would also have to be taken into 

account and may result in a Class P classification at specific areas of the site.   

 

4.8 Basement Floor Slabs and Drainage  

As noted above, subsurface drains would be provided around the perimeter basement walls.  In 

addition, a grid of subsurface drains would be required over the basement floor area.  Flows to 

these drains would be relatively minor and should be easily handled using either gravity discharge 

or conventional pump sumps.  The adoption of a tanked basement design would not be normal 

for these type of site conditions.  As discussed in Section 4.4 above, the disposal of any 

groundwater seepage would not have any significant effect on the drainage gully.  Some localised 

lowering of groundwater may occur on the high side of excavations.  As the groundwater levels 

are anticipated to be within the weathered shale bedrock, we do not anticipate that this would 

have a significant effect in terms of ground settlements.  Nonetheless, some settlement may arise 

from a ‘drying out’ of adjacent ground, including the reactive clay soil. 

 

The basement floor slabs would usually be isolated from the walls and column footings.  Floor 

slabs should be provided with a subbase of durable, well graded material, such as DGB20 or 

similar.  Basement floor slab joints should be capable of resisting shear but not bending. 
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4.9 Pavement Design 

The residual clay soils are likely to provide a relatively poor subgrade with design CBR values 

typically of 2% to 3%.  As predominantly residential traffic is anticipated, this should not have a 

major effect. 

 

As the residual clay subgrade deteriorates rapidly in strength when exposed to moisture, the use 

of capping layers of good quality granular materials such as crushed concrete are commonly 

used to provide good all-weather platform during construction.  We anticipate that the main 

delivery driveways would also be subject to some heavier vehicle loads, such as due to removals, 

vans, etc. 

 

From the preliminary design layout provided, we do not anticipate that significant fill batters will be 

required.  However, if site levels do require the formation of fill batters, then properly engineered 

fill will be required.  It is noted that the residual clay soils and upper weathered shale form a poor 

quality fill material, such that careful design and construction supervision is required.  If site won 

materials are used as structural fill, compaction should be to between 98% and 102% of Standard 

Maximum Dry Density (SMDD) at moisture contents within 2% of Standard Optimum Moisture 

Content (SOMC).  Consideration should be given to the use of select imported granular fill 

materials such as crushed sandstone. 

 

Reference should also be made to AS3796 for further guidance and appropriate testing to at least 

Level 2. 

 

4.10  Further Investigation 
Further detailed investigation using boreholes would be required to confirm subsurface conditions 

and appropriate design recommendations for retaining wall and footing design.  To optimise these 

design requirements, consideration should be given to adopting diamond cored boreholes. 

Typical borehole spacing would be about 30m to 40m. 

 

For basement excavations close to the adjoining rail corridor, consideration should be given to 

early discussions with the rail authorities as they frequently have requirements for submissions of 

designs for their approval.  This may require further detailed investigation and design including 

detailed computer modelling of the retention system to predict any likely affects on the rail 

corridor.   

 

We would be pleased to provide a further detailed scope of investigations if requested. 
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5 GENERAL COMMENTS 

This report provides preliminary advice on geotechnical aspects for the proposed civil and 

structural design.  Further detailed geotechnical investigations will be required to confirm the 

preliminary advice. 

 

A waste classification will need to be assigned to any soil excavated from the site prior to offsite 

disposal.  Subject to the appropriate testing, material can be classified as Virgin Excavated 

Natural Material (VENM), General Solid, Restricted Solid or Hazardous Waste.  If the natural soil 

has been stockpiled, classification of this soil as Excavated Natural Material (ENM) can also be 

undertaken, if requested.  However, the criteria for ENM are more stringent and the cost 

associated with attempting to meet these criteria may be significant.  Analysis takes seven to 

10 working days to complete, therefore, an adequate allowance should be included in the 

construction program unless testing is completed prior to construction.  If contamination is 

encountered, then substantial further testing (and associated delays) should be expected.  We 

strongly recommend that this issue is addressed prior to the commencement of excavation on 

site. 

 

If there is any change in the proposed development described in this report then all 

recommendations should be reviewed. 

 

This report has been prepared for the particular project described and no responsibility is 

accepted for the use of any part of this report in any other context or for any other purpose.  

Copyright in this report is the property of JK Geotechnics.  We have used a degree of care, skill 

and diligence normally exercised by consulting engineers in similar circumstances and locality.  

No other warranty expressed or implied is made or intended.  Subject to payment of all fees due 

for the investigation, the client alone shall have a licence to use this report.  The report shall not 

be reproduced except in full. 

 
 
Reference 1: Australian Geomechanics Society (2007c) ‘Practice Note Guidelines for Landslide Risk 

Management’, Australian Geomechanics, Vol 42, No 1, March 2007, pp63-114. 
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TABLE  A 
SUMMARY OF RISK ASSESSMENT TO PROPERTY 

 
 
POTENTIAL 
LANDSLIDE 
HAZARD 

A 
B C D E 

Overall Instability 
of Existing Natural 

Hillside Slope 

Instability of 
Railway Fill 

Embankment 

Instability of Existing 
Fill Batter on North-
West Side (No 10A) 

Instability of 
Possible Cut Batters 

at 1V:2H 

Instability of 
Proposed Retaining 

Walls 

Assessed Likelihood <10-5 pa 
Say, RARE to 

BARELY CREDIBLE 

≈10-4pa 
UNLIKELY 

≈10-3pa 
POSSIBLE 

≈10-5pa 
RARE 

10-5pa to 10-6pa 
RARE to 

BARELY CREDIBLE 

Assessed Consequences Ranges from localised 
impact on landscaping 

to impacting on 
development. 

 
 
 
 

MINOR to MAJOR 

May impact part of 
development, if forms 
flow slide, more likely 
to be located in gully 
area and therefore 
would not impact 

development. 

 

INSIGNIFICANT to 
MEDIUM 

Will not impact 
proposed development, 

only impacts 
landscaped areas. 

 
 
 
 

INSIGNIFICANT 

Only localised impact 
on proposed 
development. 

 
 
 
 
 

MINOR to MEDIUM 

If occurs, may require 
strengthening of 
proposed walls or 
stabilisation by 

drainage. 

 
 
 

MINOR to MEDIUM 

Risk VERY LOW to LOW VERY LOW to LOW VERY LOW VERY LOW to LOW VERY LOW to LOW 

Comments Development to be 
founded on rock and 
will therefore have 

reduced vulnerability. 

If occurs, may form a 
flow slide, or may only 

be a slump/ debris 
slide. Run-out distance 
estimated from 3m to 

20m. 

Only considers 
property within subject 
site. Assume dwelling 
at No 10A would not 
be affected due to 
founding on piles. 

No cuts currently 
proposed without 

support by retaining 
wall. 

Basement walls will be 
properly engineered. 
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TABLE  B 
SUMMARY OF RISK ASSESSMENT TO LIFE 

 
 
POTENTIAL 
LANDSLIDE 
HAZARD 

A 
B C D E 

Overall Instability 
of Existing Natural Hillside Slope 

Instability of 
Railway Fill Embankment 

Instability of Existing Fill Batter on 
North-West Side (No 10A) 

Instability of 
Possible Cut Batters 

at 1V:2H 

Instability of 
Proposed Retaining Walls 

Assessed Likelihood RARE to 
BARELY CREDIBLE 

UNLIKELY POSSIBLE RARE RARE to 
BARELY CREDIBLE 

Indicative Annual Probability (pa) Say 10-5 10-4 10-3 10-5 Say, 10-5 

Person at Risk a) Person walking regularly within 
landscaped areas. 

b) Persons accessing carparking. 

a) Person walking regularly within 
landscaped areas. 

b) Persons accessing carparking. 

a) Person walking regularly within 
landscaped area. 

a) Person walking regularly within 
landscaped area. 

 
 

b) Persons accessing carparking. 

Number of Persons Considered a) One – person most at risk. 

b) One – person most at risk. 

a) One – persons most at risk. 

b) One – person most at risk. 

a) One – person most at risk. a) One – person most at risk.  

b) One – person most at risk. 

Duration of Use of Area 
(Temporal Probability, Part A) 

a) 0.5 hour per day 
= 0.02 

b) 10 mins x 4 times per day 
= 0.03 

a) 0.5 hour per day 
= 0.02 

b) 10 mins x 4 times per day 
= 0.03 

a) 10 mins per day 
= 0.007 

a) 10 mins per day 
= 0.007 

 
 

b) 10 mins x 4 times per day 
= 0.03 

Probability of being within area 
affected when event occurs 
(Temporal Probability, Part B) 

a) Say, 0.1 

b) Say, 0.1 

a) Say, 0.1 

b) Say, 0.1 

a) Say, 0.1 a) Say, 0.1  

b) Say, 0.1 

Probability of Not Evacuating 
Area Affected 

a) May not have warning, 1.0 

b) May have warning from cracking, 
0.5 

a) May not have warning, 1.0 

b) May have warning from 
cracking, 0.5 

a) Unlikely to have warning, 1.0 a) May have warning, 0.5  

b) May have warning from cracking, 
0.5 

Vulnerability to Life if Failure 
Occurs Whilst Person Present 

a) Unlikely to be buried, 0.1 

b) Unlikely to be buried; building 
unlikely to collapse, 0.05 

a) May be buried, 0.5 

b) Unlikely to be buried; building 
unlikely to collapse, 0.05 

a) May be buried, 0.5 a) Unlikely to be buried, 0.1  

b) Unlikely to be buried; building 
unlikely to collapse, 0.05 

Risk for Person Most at Risk a) 2x10-9 

b) 7.5x10-10 

a) 10-7 

b) 7.5x10-9 

a) 3.5x10-7 

 

a) 3.5x10-10  

b) 7.5x10-10 

Combined Risk for Person Most 
at Risk 

About 5x10-7 
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23513Wrpt Rev2  •  Photographs 1 & 2 

Cut batter 
adjacent to 

No 1 Avon Road 

Fill area 
adjoining 

subject site 

Cut batter 
exposing 
clay and 

shale 

Shotcrete 
protection 
to base of 

shale 
cutting 

PHOTOGRAPH 1: View to south-east from 
Beechworth Road bridge along North Shore 
Railway line. 

PHOTOGRAPH 2: View of cut 
batter on south-eastern side of 

Beechworth Road bridge, showing 
shale exposed at base of cutting. 



Ref: 23513Wrpt Rev2 Photographs 3 & 4 

 
 
 

23513Wrpt Rev2  •  Photographs 3 & 4 

PHOTOGRAPH 3: View of shale exposed in North Shore Railway line cutting on north-
eastern side, adjacent to No 1 Avon Road. 

PHOTOGRAPH 4: Possible fill batter adjoining No 10A Beechworth Road. 

 

 



Ref: 23513Wrpt Rev2 Photograph 5 

 
 
 

23513Wrpt Rev2  •  Photograph 5 

PHOTOGRAPH 5: view of terraced garden walls at north-eastern 
corner of the disused tennis court on No 1 Avon Road. 
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