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1 INTRODUCTION

A geotechnical investigation for a proposed multi-storey commercial development at

84-86 Kiora Road, Miranda, NSW was carried out in May 2010 and the results

presented in our report (ref 23955Srpt) dated 25 May 2010. The investigation was

commissioned by Mr. Gemvaro Russo of Conserv (No 462) Pty Ltd, C/- Geoform

Design Architects on 7 April 2010, and was carried out in accordance with our

proposal (Ref: P32166S) dated 12 March 2010.

This revision to the report (Rev1) was commissioned by Mr Rusty Moran of Moran

Corporation Pty Ltd, on behalf of Conserv 9 (No 462), and was carried out in

accordance with our proposal (Ref:P23955Sprop) dated 17 February 2011. This

revised report addresses the proposed addition of two extra levels of basement car

parking.

Based on the architectural drawings (2.01, 2.02, 3.01, 3.02, 3.03, 4.01, 4.02 and

4.03, Issue No.3, dated 11 April 2011) prepared by Geoform Design Architects, we

understand the proposed development is to be a seven storey building of concrete

and steel framed construction with reinforced concrete floors and roof, and with four

basement levels below. The basement levels will be accessed via a turntable and car

lift. The existing buildings will be demolished and the lower basement finished floor

reduced level (RL) is to be at RL26.15m. Hence, excavations to achieve the design

subgrade level are expected to extend to a maximum depth of about 12.4m.

The purpose of the investigation was to obtain geotechnical information on

subsurface conditions as a basis for comments and recommendations on footings,

suspended and on grade floors, retention systems, excavation methodology and

other geotechnical issues associated with the proposed works.
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2 INVESTIGATION PROCEDURE

The fieldwork for the investigation was carried out on 4th and 5th May 2010 and

comprised the drilling of four boreholes (BH1 to BH4) to maximum depth of 11.35m

using our track mounted JK250 and truck mounted JK350 drilling rigs. BH1 and BH3

were auger drilled to the termination depths of 9.0m using spiral auger techniques

and a Tungsten Carbide ‘TC’ bit. BH2 and BH4 were initially drilled to depths of

5.82m and 6.17m respectively, using spiral auger techniques and a ‘TC’ bit; the two

boreholes were then continued by diamond core drilling using NMLC equipment to

termination depths of 10.89m and 11.35m, respectively.

Prior to commencement of the fieldwork, the investigation locations were

electromagnetically scanned to check for the presence of buried services by a

specialist sub-contractor.

The borehole locations shown on the attached Figure 1 were set out by taped

measurements from apparent site boundaries and existing surface features. The

surface reduced levels shown on the attached borehole logs were interpolated from

spot levels shown on the supplied unreferenced survey plan. The survey datum is

Australian Height Datum.

The strength of the subsurface soils in the boreholes was assessed from Standard

Penetration Test (SPT) ‘N’ values, which were augmented by the results of hand

penetrometer readings on cohesive soil samples recovered in the SPT split tube

sampler. The strength of the weathered shale and sandstone within the augered

portion of the boreholes was assessed from observation of the drilling resistance

when using the TC’ bit and examination of the recovered cuttings. Note that

strengths assessed in this way are indicative and variances of one strength order

should not be unexpected. The strength of the weathered rock within the cored
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portion of the boreholes was assessed by examination of the recovered rock core

and subsequent correlation with laboratory Point Load Strength Index testing.

Groundwater observations were made in the boreholes during drilling and on

completion of auger drilling. We note that water is used as part of the coring

process, and therefore the water level at completion of coring has not been

recorded, as it is likely to be artificially high. No longer term groundwater monitoring

was carried out. For more details of the investigation procedures, reference should

be made to the attached Report Explanation Notes.

The fieldwork was carried out under the direction of our geotechnical engineer, who

was present full-time on site to set out the borehole locations, nominate the insitu

testing and sampling and log the encountered subsurface profile. The borehole logs

(which include field test results, Point Load Strength Index test results and

groundwater observations) are attached, together with a glossary of logging terms

and symbols used.

Selected samples were also tested in a NATA registered laboratory to determine soil

pH, chloride and sulphate contents. The results are summarised in the attached

Table A. The recovered rock core was returned to Soil Test Services (STS), a NATA

registered laboratory, where it was photographed and Point Load Strength Index

tests completed. A summary of the Point Load Strength Index tests and estimated

Unconfined Compressive Strengths are attached as Table B. The core photographs

are included opposite the relevant cored borehole logs.
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3 RESULTS OF INVESTIGATION

3.1 Site Description

The site is situated in hilly terrain, sloping down to the south-west, about 3˚to 4˚. 

The subject site has a western frontage onto the asphaltic concrete (AC) surfaced

Kiora Road, with Urunga Parade and Urunga Lane bounding the site to the north and

east, respectively.

At the time of field work, there were two storey brick shops on the street frontage

and the remainder of the site was asphalt paved. The ground floor level of the

existing buildings was cut in about 1m below the level of the rear carpark.

Based on a cursory inspection the existing shop buildings appeared to be in

reasonably good external condition whilst the paved area was in poor condition with

a number of potholes present.

There was a two storey rendered brick building with a gravelly sand paved rear yard

on the southern side of the site.

3.2 Subsurface Conditions

The 1:100,000 geological map of Wollongong indicates that the site is underlain by

Hawkesbury Sandstone.

In general the subsurface conditions encountered in the boreholes comprised a

shallow soil profile overlying a deeply weathered shale and sandstone sequence.

For a more detailed description of the subsurface profile encountered in the

boreholes, reference should be made to the attached borehole logs.
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Pavement/Fill

Asphalt paved surfaces up to be 70mm thick were encountered at all borehole

locations. Underlying the asphalt was a gravelly sand fill (roadbase) to depths of

about 0.4m. Silty clay fill was encountered beneath the roadbase to depths of about

1.2m. The moisture content of the silty clay was assessed as greater than the

plastic limit whilst the roadbase was dry.

Residual Silty Clay

Residual silty clay of medium plasticity and mainly hard strength was encountered

below the fill and extended to depths of 2.1m to 2.3m. The moisture content of the

silty clays was assessed to be generally less than the plastic limit.

Weathered Bedrock

Weathered shale bedrock was encountered beneath the residual silty clay at all

borehole locations. On first contact the shale was assessed to be extremely

weathered and of extremely low to low strength, except in BH1 where a low

strength shale band was first encountered to depth of 3.0m.

Distinctly weathered sandstone bedrock was encountered between 4.1m and 6.2m

and was assessed as low strength. Below depths of 7.0m (BH1), 7.73m (BH2),

7.4m (BH3) and 7.24m (BH4), the sandstone improved from distinctly to slightly

weathered and from low to medium strength.

Within the cored sections of the boreholes (BH2 and BH4) a number of sub-

horizontal clay seams, extremely weathered seams and crushed zones ranging

between about 5mm and 50mm thickness were encountered, particularly in BH4

between the depths of 10.21m and 11.07m.
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A core loss zone (about 0.6m thick) was encountered at about 6.4m depth in BH4

and may be interpreted as representing a clay seam, extremely weathered seam or

crushed zone.

Groundwater

Groundwater seepage was only encountered during auger drilling in BH1 at depth of

8m. Groundwater seepage was not recorded on completion of auger drilling in BH2,

BH3 and BH4. We note that BH1 was left open for approximately five hours after

completion of auger drilling and a standing water level was recorded at 6.1m depth.

In the cored boreholes (BH2 and BH4), we note that water is introduced during core

drilling which obscures groundwater measurements and groundwater levels may not

have stabilised during the relatively short period between borehole completion and

measurement of water levels.

3.3 Laboratory Test Results

The soil pH test results for the samples indicated that the residual silty clay is acidic

with pH values of 4.8 and 6.0 respectively. The same two samples had sulphate

contents of 40mg/kg and 29mg/kg and chloride contents of 18mg/kg and 9.6mg/kg

respectively. When assessed in accordance with the criteria for concrete and steel

piling exposure classifications given in Tables 6.4.2(C) of AS2159-2009 ‘Piling-

Design and Installation’, the sulphate and chloride values are non aggressive towards

buried concrete and steel structures. However, the pH values of this soil are

classified as mildly aggressive towards buried concrete structures. The point load

strength index tests also generally confirmed the low to high strength of the

weathered sandstone bedrock which is consistent with our field logging.
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4 COMMENTS AND RECOMMENDATIONS

4.1 General Issues

We note that the lowest basement level of RL26.15m is beyond the maximum depth

of our boreholes and as such, we recommend the drilling of four additional boreholes

to say, RL23m (approximately 15m depth) to assess the composition and quality of

the bedrock beneath the lowest basement level. We stress that due to the lack of

information of the founding strata beneath RL26.5m, any comments given on

excavation, retention and footings founded below our borehole depths are

assumptions and as such should be treated with caution.

We note that the basement excavation will be up to 12.4m at the eastern end of the

site. Kiora Road, Urunga Parade and Urunga Lane bound the site to the west, north

and east, respectively. Neighbouring retail buildings and paved surfaces lie beyond

the southern site boundary. During demolition and excavation, there is the potential

to damage the neighbouring building and to induce differential movement of the

existing roads. Demolition and excavation will need to be completed carefully with

shoring and/or underpinning of the adjoining building and the road surfaces. This

work will need to be completed using suitably experienced (and insured) contractors.

We recommend that prior to demolition a structural engineer assess the condition

and stability of the neighbouring building to the south-west of the site and prepare a

dilapidation report. The structural engineer will then be in the best position to detail

any temporary works that may be required. We recommend that during the

demolition, test pits be excavated adjacent to the neighbouring footings. In this

regard we note that the footings will probably need to be supported by the proposed

basement retention system and some prior underpinning could possibly be beneficial.

Furthermore, the neighbouring footings may step into the site and may have to be

trimmed prior to the drilling of shoring piles.
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4.2 Demolition and Excavation

Demolition of concrete footings, floor slabs and paved surfaces may well require the

use of rock breaker attachments to tracked excavators. However, demolition will

need to be carried out with care so as not to damage or de-stabilise the neighbouring

building to the south-west of the site. Vibration monitoring should be carried out at

the commencement of use of rock hammers as described below.

Excavation recommendations provided below should be complemented by reference

to the Code of Practice ‘Excavation Work’, Cat No 312 (31 March 2000), by

WorkCover NSW, and by reference to AS3798-2007 ‘Guidelines on Earthworks for

Commercial and Residential Developments’.

The excavations will extend through the soil profile and penetrate the weathered

shale and sandstone bedrock. Excavations through the soil profile and the extremely

weathered shale may be readily completed using bucket attachments to the tracked

excavators. The more competent (low and medium strength) sandstone and/or more

continuous ironstone bands we expect to be excavated using ripping tynes fitted to

heavy tracked excavators and/or hydraulic rock breakers which may also be needed

for trimming excavation faces, footings, service trenches, lift pits etc. From about

7m to 8m depth it appears likely that there will be mainly medium to high strength

sandstone which will provide "hard rock" conditions, necessitating use of rock

breakers or a combination of saw-cutting and ripping.

To assist in controlling vibrations and over-break of the shale and sandstone, initial

saw cuts through the bedrock may be provided using rock saw attachments fitted to

the excavator. However, this is only likely to be required in the sandstone at the

base of the excavation as the shale bedrock is expected to be of a low strength

order. Final trimming of excavation faces in better quality sandstone between soldier

piles may also be completed using a grinder attachment rather than a rock breaker in

order to assist in limiting vibrations.
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If hydraulic rock breakers are to be used, then electronic vibration monitoring will be

required on the building at 88-90 Kiora Road. If light breakers (say, 600kg or less)

are used, it will probably be possible to demonstrate that they can be used without

exceeding the threshold values given in the attached ‘Vibration Emission Design

Goals’. If heavier breakers are proposed, then full time electronic monitoring with

alarm systems will be required.

Based on the seepage recorded during and on completion of auger drilling, we do not

expect that substantial groundwater flows into the excavation will occur. However,

the fieldwork was carried out in a period of relatively dry weather and somewhat

greater flows may be encountered after heavy or prolonged rainfall, particularly

where defects daylight into the excavation and where highly fractured sections of

shale and sandstone are exposed in the excavation face. The likelihood of

groundwater flows along defects increases with depth. Seepage is also likely to

occur along the bedrock surface, particularly during periods of heavy or prolonged

rainfall. We therefore recommend that the initial stages of the excavation are

carefully monitored, and if substantial flows are encountered, appropriate drainage

measures may be detailed at the time. At this stage we expect that any seepage

that does occur within the excavation will be controlled using conventional sump and

pump techniques.

4.3 Shoring and Retention

An engineer designed in-situ retention system such as an anchored soldier pile wall

with shotcrete infill panels or an anchored contiguous pile wall will be required to

support the soil profile and the shale bedrock. The piles should extend below bulk

excavation level as indications are that the sandstone is not of sufficient quality to

be able to support the piles over a vertical face. Further drilling investigations may be

able to demonstrate the sandstone is mainly of high quality (high strength with few

defects), but the conditions shown in BH4 do not appear favourable. The use of
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more closely spaced soldier piles is preferred adjacent to neighbouring building so as

to reduce the movements in the building.

Bored piles will be suited to this site. However, relatively large capacity piling rigs

will be required as the piles are required to extend below bulk excavation level and

therefore penetrate significant thicknesses of medium to high strength sandstone.

We recommend further advice be sought from piling contractors who should confirm

suitable access and who should also be provided with a copy of this report. Working

platforms may be required for heavy piling rigs. Note that rigs require minimum

clearances from the building which extends up to the southern boundary.

In the long term, any low to medium strength sandstone revealed between soldier

piles will also degrade and spall and should be protected by the shotcrete infill

panels. Additional rock bolts to support potentially unstable wedges over the width

of the infill panels may be required in the short term. Geotechnical inspections will

be required to determine the presence of any such potentially unstable wedges.

There is also the possibility that a continuous steeply dipping defect plane may

daylight towards the toe of the cut face. We therefore recommend that the bond

zone of all anchors extend beyond a theoretical failure plane sloping up from the toe

of the excavation at 45o. It is imperative that close inspection of the toe of the cut

faces be completed by an experienced geotechnical engineer to check for the

presence of such a defect plane. If encountered, additional support, such as

additional, and possibly longer, anchors may need to be provided in the short term

and building prop loads will increase in the long term.

We recommend that geotechnical inspections be carried out at 1.5m depth intervals

and that work be scheduled to allow excavations to commence over portions of the

site whilst possible stabilisation measures are being installed in other areas.
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The following characteristic earth pressure coefficients and subsoil parameters

should be adopted for the design of the full depth retention system:

 Where minor movements may be tolerated (ie. those portions of the southern

site boundary where no movement sensitive structures or services are located

within a horizontal distance of at least H from the line of the excavation, where

‘H’ is the retained height in metres of soil, shale and sandstone up to and

including low strength), we recommend design using a trapezoidal lateral earth

pressure distribution be based on 5H kPa, for temporary works and 6H kPa for

permanent structures.

 Where structures lie within a horizontal distance of ‘H’ from the line of the

excavation, we recommend the magnitude of the lateral earth pressure

distribution be increased to 8H kPa, to reduce deflections to a practical

minimum.

 The rock of more than low strength should be assumed to apply a load of

10kPa on the shoring piles.

 All surcharge loads affecting the walls (e.g. nearby footings, construction loads,

traffic, etc) should be included in the design using an ‘at rest’ earth pressure

coefficient, Ko, of 0.55.

 The bulk unit weight of the soil and rock units can be taken as follows:

a) Fill and clay soil: 20kN/m3.

b) Shale, extremely-distinctly weathered,
extremely low to very low strength: 22kN/m3.

c) Shale and sandstone – distinctly to
slightly weathered, low to medium to high: 25kN/m3.

 The retaining walls should be designed as drained and measures taken to

provide permanent and effective drainage of the ground behind the walls. Strip

drains protected with a non-woven geotextile fabric should be used behind the
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shotcrete infill panels of soldier pile walls or inserted between gaps in

contiguous piles. Alternatively, for the contiguous pile walls, weepholes

comprising 20mm diameter PVC pipes grouted into holes or gaps between

adjacent piles at 1.2m centres (horizontal and vertical), may be used.

The embedded end of the pipes must, however, be wrapped with a non-woven

geotextile fabric (such as Bidim A34) to act as a filter against subsoil erosion.

 Anchors or rock bolts should be bonded at least 3m into shale and sandstone

bedrock of at least low strength where an allowable bond stress of 200kPa may

be adopted for design. Where the anchors are bonded into medium or high

strength sandstone bedrock an allowable bond stress of 400kPa may be

adopted for design. The anchor bond length should commence beyond a line

projected up from the base of the excavation at an angle of 45o.

 All anchors should be proof-tested to 1.3 times the working load under the

direction of an experienced engineer or construction superintendent,

independent of the anchor contractor. The anchors and rock bolts will extend

beyond the site boundaries and therefore permission from the neighbours will

be required prior to installation. We have assumed that permanent lateral

support of the perimeter piles will be provided by the new structure. If not,

permanent anchors and/or rock bolts will be required which should be designed

for corrosion resistance and for long term durability.

4.4 Footings

Based on the results of the boreholes, it is likely that medium to high strength

sandstone will be exposed at bulk excavation level. However, we note that there

may be areas of extremely low to very low strength sandstone and shale and

numerous seams below founding level, if the conditions revealed in BH4 extend to

greater depth. For uniformity of support we recommend that all footings for the
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proposed structures should be founded within the sandstone. We consider that pad

or strip footings are generally suitable for this site.

Assuming a nominal 300mm socket into the sandstone of at least medium strength,

footings (and any shoring piles supporting structural loads) may be designed on the

basis of a maximum ABP of 3,500kPa. Some allowance should be made for zones of

poor quality rock that have to be over-excavated. In addition, we recommend that,

in addition to further investigations which should comprise at least four cored

boreholes, all footings be inspected by a geotechnical engineer to confirm our

assumptions regarding bedrock quality. Somewhat higher bearing pressures may be

feasible, however this would need to be confirmed by the further investigation,

probably supplemented by intensive spoon testing to identify the number and

thickness of seams in the zone of influence of the footings.

All footings should be excavated, cleaned, inspected, tested and poured with

minimal delay, (preferably on the same day as excavation and/or drilling). Water

should be prevented from ponding in the base of footing excavations, as this may

lead to a softening of the base, particularly in areas of more weathered shale. If a

delay in pouring is expected, then we recommend a blinding layer of concrete be

placed in the base of pad footings excavations.

In accordance with Table 2 of the ‘Engineering Classification of Shales and

Sandstones in the Sydney Region’, as revised by Pells et al 1998 ‘typical’

settlements for footings founded on bedrock with the above ABP’s would be less

than 1% of the minimum footing width.

4.5 Further Investigations and Inspections

We recommend that the following investigation and inspections be completed as

outlined in the preceding sections of this report:
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 Drilling of four boreholes to depths of say, 15m to assess the composition and

quality of bedrock beneath the lowest basement level.

 Dilapidation surveys.

 Witnessing of test pits to reveal existing footings.

 Witnessing/inspection of shoring wall piles.

 Geotechnical inspection of excavation faces.

 Monitoring of groundwater seepages within the excavation.

 Witnessing installation and proof testing of anchors.

 Geotechnical inspection and possible spoon testing of footing bases.

5 GENERAL COMMENTS

The recommendations presented in this report include specific issues to be addressed

during the construction phase of the project. In the event that any of the

construction phase recommendations presented in this report are not implemented,

the general recommendations may become inapplicable and Jeffery and Katauskas

Pty Ltd accept no responsibility whatsoever for the performance of the structure

where recommendations are not implemented in full and properly tested, inspected

and documented.

Occasionally, the subsurface conditions between the completed boreholes may be

found to be different (or may be interpreted to be different) from those expected.

Variation can also occur with groundwater conditions, especially after climatic

changes. If such differences appear to exist, we recommend that you immediately

contact this office.
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This report provides advice on geotechnical aspects for the proposed civil and

structural design. As part of the documentation stage of this project, Contract

Documents and Specifications may be prepared based on our report. However, there

may be design features we are not aware of or have not commented on for a variety

of reasons. The designers should satisfy themselves that all the necessary advice

has been obtained. If required, we could be commissioned to review the

geotechnical aspects of contract documents to confirm the intent of our

recommendations has been correctly implemented.

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 Jeffery and

Katauskas Pty Ltd. We have used a degree of care, skill and diligence normally

exercised by consulting engineers in similar circumstances and locality. No other
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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.

Should you have any queries regarding this report, please do not hesitate to contact

the undersigned.

For and on behalf of
JEFFERY AND KATAUSKAS PTY LTD

P STUBBS
Principal
















































