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Ltd.
ABN: 62 051 307 852
3 Wanniti Road BELROSE NSW 2085 Tel: 02 9975 3899 Fax: 02 99751943
Email: hited@bigpond.net.au Web: www.civilandstructural.com.au

28™M March 2018

Lotus Projects D-11-265978
4 Brookvale Avenue,
BROOKVALE, NSW, 2100

Dear Sir,

Re: Geotechnical Report — Proposed Multi — Level Residential Development at 4
Brookvale Avenue, Brookvale

INTRODUCTION

I, Edward A. Bennett, practicing Civil, Structural, Geotechnical and Environmental Engineer,
hereby confirm that one of my officers has inspected the above site for the purpose of preparing
a geotechnical report.

This geotechnical report has been prepared as part of documentation required by Northern
Beaches Council for the future development at the above address, prior to the issue of a
Development Application. This report addresses the underlying geology, the resulting site
stability and identifies any potential geotechnical hazards that may be inherent with this site,
the works to be performed and how best to mitigate these hazards in order that the works
may be performed safely and without risk to the existing natural environment.

PROPOSED DEVELOPMENT

The development is for the proposed Multi-Level Residential Development at the property. The
new development requires structural engineering input from an appropriately qualified and
experienced consultant, familiar with these types of on-slope structures.
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DESCRIPTION OF SITE & SURROUNDING AREA

The proposed development lies on the North-East side of Brookvale Avenue. The site is
steeply sloping, approximately (1:3) or 18.4 degrees downward, to the South-West. No
evidence of global or overall landslip risk was observed during the site inspection.

SITE GEOLOGY
Geomorphologic mapping of the area shows that the underlying bedrock is made up of
Narrabeen group shales/lithic sandstones or Wianamatta Group medium to coarse-grained
guartz sandstones. From evidence gained from previous projects in the nearby area, it is highly
likely that suitable strength sandstone will be encountered for foundations.

From the observations from the site inspection, it was deemed unnecessary to perform any
extra/special investigation of the underlying site geology.
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Figure 1: Land slip risk map for 4 Brookvale Avenue (site location marked in red)

Table 1: Landslip risk classes - from Warringah Council DCP Part E10 Landslip Risk

LANDSLIP RISK CLASS

Landslip Risk Class | Topographic Position | Slope Geology
Angle
(degrees)

A Plateau areas, ridge <5 At higher elevations, generally shallow residual soils developed on Hawkesbury
crests, major spur Sandstone. Hawkesbury Sandstone exposed in occasional outcrops and in
slopes, footslope near vertical road cuts. Some areas offill. At lower elevations, unconsolidated
areas; and beach, marine and alluvial sands often overlying deep marine sediments.
foredune and alluvial
flats.

B Flanking slopes. 5t0 25 Colluvial and residual soils, possibly deeper than in Class A, developed on

Hawkesbury Sandstone. Minor detached sandstone blocks, occasional
exposures of sandstone in cliffs and roadcuts. Occasional fill areas associated
with playing fields, roads and some developments.

C Steeper slopes, > 25 Colluvial soils and bouldery talus, with detached blocks of sandstone on steep
generally near coastal escarpment areas, developed on Hawkesbury Sandstone. Near vertical cliffs
areas and adjacent to to approximately 50m high at Dee Why Head.
creeks and major
gullies.
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SITE LANDSLIP RISK CLASSIFICATION

From the Landslip Risk Mapping, this site is a combination of Classes B & C, Class C is towards
the rear of the site

OBSERVATIONS
Please refer to appendix B for the photographic record.

e The slope to the front boundary from within the first 10m is not excessive

e The Soil profile is likely to be unconsolidated top soil, residual overlying weathered
sandstone suitable for foundations for this type of building constructions

e There is evidence of risk/hazard zones towards the rear of the property that will require
special application such as rock bolting that will not cross boundaries at the appropriate
stage of the excavation.

e The future structure is to construct onto stable sandstone footings/foundation with the
minimum bearing capacity of 1000KPA.

RECOMMENDATIONS
Some issues which assist to mitigate risk are as follows and should be adhered to:

1. CLEARING - GOOD hillside practice

1.1. Provide siltation fencing and proper barriers around the property at the rear boundary

1.2. Provide a catch spoon drain across the site at the top of the slope to collect surface
run- off and avoid localised slippage from scouring effects

1.3. Cover any exposed rock faces to prevent loss of moisture and at risk to spall overnight
2. EXCAVATION

2.1. The proposed Development does require detailed excavation as mechanical
equipment will be employed. There is always the likelihood that temporary shoring or
underpinning is necessary to prevent ground loss when excavating near or adjacent to
cliff faces to ensure safety to the workers at all times.

2.2. The excavation for the proposed structure(s) may create a build-up of disposable
material which, if not being utilised as on-site suitable fill, shall be placed in
special stock piles and be protected and maintained with suitable batters and cover so
as not to be transported off-site by natural localised slippage or cause instability
of existing batters through heavy rains before being used at a future date.

3. FOUNDATION MATERIALS AND FOOTINGS
3.1. It is recommended that all footings for the retaining structures be supported on

the underlying rock using reinforced concrete piers, were necessary. Allow for end
bearing piers to penetrate the medium strength sandstone surface by at least 150mm.
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The allowable bearing capacity for the piers shall be not less than 500kPa. The
retaining wall structures may be “shotcreted” as a method of construction and any
exposed surface may require camouflaging using stable and similar coloured oxides
within the concrete matrix, if considered necessary.

4. SUBSURFACE DRAINAGE

4.1. Any retaining walls are to have adequate subsurface drains such as “strip drains”
or sock covered agricultural pipes placed at the rear of the walls to prevent undue
hydrostatic pressure.

5. INSPECTIONS

5.1. It is recommended that the rock jointing be discovered and inspected by the engineer.
The foundation material and pier placement is to be inspected and approved prior
to casting any concrete.

5.2. It is an obligation for the -certifier/builder/contractor to organise the inspections

noted above within 24 hours notice notwithstanding that the principal certifying
authority and the structural engineer needs to be notified in advance.

6. ON-GOING MAINTENANCE

6.1. The property is to be maintained in good order and in accordance with the
guidelines set out in CSIRO - BTF 18 “Foundation Maintenance and Footing
Performance: A Homeowner’s Guide” and the Australian Geomechanics Article
“Landslide Risk Management Concepts and Guidelines” May 2002.

6.2. All retaining walls are to be inspected at intervals not exceeding 20 years.

7. OTHER CONCERNS

7.1. Should the surface of the rock be soft when uncovered then the piers must be sunk
into the rock to a further depth of 150mm that will be medium strength rock (not less
than
500kPa rock).

7.2. Rock Sawing will be mandatory and Rock bolting that will not cross neighboring
boundaries will be required.
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CONCLUSIONS/RECOMMENDATIONS

The underlying sandstone will offer suitable founding material. The bearing capacity of the
sandstone supporting the foundation/footing should not be less than 1000kpa. The foundation
for the structure is to consider all surcharges that may be transferred from neighboring
structures being at higher levels and the use of shotcrete walling for surrounding weaker
capacity soils particularly near boundary conditions.

The site is suitable for the development proposed and the development proposal can
achieve the Acceptable Risk Management required by the Northern Beaches council
geotechnical policy provided that the structure is built in accordance with an appropriate
structural design yet to be provided by CSEDS and all recommendations for risk mitigation in
the sections above are adhered to.

Yours faithfully,

Gk

E.A. Bennett M.I.LE. Aust. Cp Eng. NPER 198230, Member AGS, BPB 0820
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APPENDIX A

SITE PLAN
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APPENDIX B

Photos from site inspection
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APPENDIX "B" - NOTES

LANDSLIDE RISK MANAGEMENT AGS SUB-COMMITTEE

APPENDIX A
DEFINITION OF TERMS

INTERNATIONAL UNION OF GEOLOGICAL SCIENCES WORKING GROUP
ON LANDSLIDES, COMMITTEE ON RISK ASSESSMENT

Risk ~ A measure of the probability and severity of an adverse effect to health, property or the environment.
Risk is often estimated by the product of probability x consequences. However, 8 more general interprefation of risk
involves a comparison of the probability and conseguences in 2 non-product form.,

Hazard — A condition with the potential for causing an undesirable consequence (the landslide). The description of
landsiide hazard should include the location, volume {or area), classification and velocity of the potential landslides
and any resultnt detached material, and the hkelihood of their occurrence within a given period of time.

Elements at Risk — Meaning the population, butkdings ind enginesring works, economic activities, public sarvices
utilities, infrastructure and environmental features m the arca potentially affected by landslides.

Probability — The likelihood of & specific outcome, measured by the ratio of specific outcomes to the total number of
possible outoomes, Probability is expressed as a number between 0 and 1, with 0 indicating an impossible outcome,
and 1 indicating that an cutcomne is certam.

Frequency — A measure of likelihood expressed as the number of oocurrences of an event in a given time. See also
Likelihood and Probabiirty.

Likelihood — used as a qualitative description of probabality or frequency.

Temporal Probability — The probability that the element at risk is in the arca affected by the landsliding, at the time of
the landslide.

Vulnerability — The degree of loss to a given element or set of elements within the ares affected by the landslide
hazard, It is expressed on a scale of O (no loss) to 1 (total loss). For property, the loss wall be the value of the
damage relative to the value of the property; for persons, it will be the probability that 3 particular life (the element
at risk) will be lost, given the person(s) is affected by the landslide.

Consequence — The outcomes ar potential outcomes arising from the occurrence of a landslide expressed qualitatively
or quantitatively, in terms of loss, disadvantage or gain, damage, injury or loss of life,

Risk Analysis — The use of available information to estimste the risk to individuals or populations, property, or the
environment, fromn hazards. Risk analyses gencraliy contamn the following steps: scope definition, hazard
identification, and risk estimation.

Risk Estimation - The process used to produce a measure of the level of health, property, or environmental risks being
analysed. Risk cstimation contains the following steps:  frequency analysis, consequence analysis, and their
integration.

Risk Evaluation — Thec stage at which values and judgements enter the decision process, explictly or implicitly, by
meluding consideration of the importance of the estimated risks and the associated social, environmental, and
economic consequences, in order to identify a range of alternatives for managing the risks.

Risk Assessment — The process of risk analysis and risk evaluation.
Risk Control or Risk Treatment - The process of docision making for mensging risk, and the implementation, or
enforcement of risk mitigation measures and the re-evaloation of its effectivencss fram time to time, using the

results of risk assessment as one input.

Risk Management — The complete process of risk assessment and risk control (or risk reatment).

Australian Geomechanics — March 2000 Eal
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Individual Risk — The risk of fatality or injury to any identifiable (named) individual who lives within the zone
impacted by the landslide; or who follows a particular pattern of life that might subject him or her to the
consequences of the landslide,

Societal Risk - The risk of multiple fatalities or injuries in society &8s a whole: one where socicty would have to carry
the burden of a landslide causing a number of deaths, injuries, financial, environmental, and other losses.

Acceptable Risk — A nisk for which, for the purposes of life or wark, we are prepared to accept as it is with no regard to
its management. Scciety does not generally consider expenditure in further reducmg such risks justifiable.

Tolerable Risk — A risk that society is willing to live with so as to secure certain net benefits in the confidence that it is
being properly controlled, kept under review and further reduced as and when possible.

In some sifuations risk may be tolerated because the individuals at risk cannot afford to reduce risk even though they
recognise 1t is not properly controlled.

Landslide Inteasity — A sct of spatially distributed parameters related to the destructive power of a landslide. The
parameters may be described quantitatively ar qualitatively and may include maximium movement velocity, total
displacernent, differential displacement, depth of the moving mass, peak discharge per umit width, kinetic energy per
unit area.

Note: Reference should also be made to Figure 1 which shows the inter-relationship of many of these terms and the
rclevant portion of Landshide Risk Mzanagement.

Page 20

ABN: 62 051 307 852
3 Wanniti Road BELROSE NSW 2085 Tel: 029975 3899 Fax: 02 99751943

Email: design@civilandstructural.com.au Web: www.civilandstructural.com.au



mailto:design@civilandstructural.com.au
http://www.civilandstructural.com.au/

CIVIL & STRUCTURAL ENGINEERING DESIGN SERVICES PTY. LTD.

GEOTECHNICAL REPORT

©

uogestiqRys ‘(saxongs s|d pur) Suadad ex Jo nonied pod

) $w]d PRy i) sopajoc) goie Lmdosd parayvm U jo anma pasczdi; ag) 30 1900 o Boiag ‘anpwa 1953

Z00Z UJEW | ON Z¥ oA SAIUBLDEWOSD ueedsny

TN 20 100 2opduseagy wlisse o) wonddioeaq) o s je o)) mEmoorddy st SyEu o 9] Wm0 POST & PINOGS a{qe o), (+)
. Kuaadod 51 100[JR AR YT SIPYSPIR] 20 SEMIPPE 02 SYIOM VOLTEIGES [UEONTPRT APM[NI] 106 0P 1] “UOITpoamIose
Aawodeay ‘5203 day 5w s sis00 [Enlabasund puy ‘5a0) WHsep (Youssajoxd PUR PAITR0O 6T QIIG4 SPNSPUN] 9 0y [3A2] NL D[QEEM 03 3y et sz of parbar oam

223 jo

Jo o 1d ¥ sv p

T3 30 1803 3u3 5% FI0S BRRUSD 9) 10 1S00 109210 I3 J0 SINWISED TR AG 07 51 150) Nwtaixouddy ol (£)
SRS PRI
dee s adpuseq] Jo 3oy symoixosddy ey @

14

152)0N

(XT3 995 451 ) 30 Apunog [ewor ;
s LNVIIFINDISNI ® 38 papIarpqns 3¢ e Aodared snp (mews) 1Sow(y) iwas Sugegod y@ig 10 9jN) sSuuep a1 o
B HONIN EICA UDTESIIGIS 1603 Eis Ui S03 SULINDAL SIS 10 Vw8 20, U S50 J0 1ed 61 GwEvp priwi] %t %S
¢ e " marp covenbosH0 JoaTul ApSdaid {p® 560 158 18 o50Ed PNo) % =
S0 Ueestigess oe] Tuumbal 2 3o ped es1TaSis 10, PUR NSNS Jo MWos Oy affrwwp ajREpop T
. S JTecEp 93GnbosuD WAIPo ASU0I] GI0ETPE 0D 1559] 1% OFNED PGS SI0M qoges s %0
eagrudis Sunmmbal SaUBPINOG 218 PUOLaG SIPEID J0PIE ‘LINYS 0 1501 0 SFEUED AAISEIXT S 09
y SHAOUISYIVS “SFEIEP 90USTIROS U0 101810 41290050 JUaIIpT 20D J589] 1€ SENES PO UOHUSIqER %001 3
= 30 syrom SirpsowBus ofem Suummbar a¥eep sjes oz opuw padonsap Serrduaco (S)armngs 00T
Krepunog anjep
2] Joydudsaq wopdrsaq Lo e
Jdewaegy jo 150 yuarxaaddy
ALAII0Ud OL STINTAOISNOD A O STUASVIW TAILVLITV A0
pea 24108 opdisaq wdisse o) votdussaq Jo Supquauig ey ojsanxeacdy asn yEL o) Ys] wol pasnag proys Ajqm AL, () e
4 FIHIGTND A 1H8vE "] HS{SEp 355 3940 [TIOUE) 30 I[GEAROBOOWY ¥ Wana G | oo T Smak oG 000 | 501
AL Wsop ol 2040 000 0L 201%s
q EEAY G0 s34 G0a'001
SOUBISWOAID [roondsoxe Japan A0 MG O[RAIU0D §1 JUBAS S ] 0l
S A 00007 PUIESY “
a ATENNINA S £33 400'01 o1
A1 IPAD SIVUEISTINILD S5ape L3384 JApUm IR0 AT JUDAD L | . 2 nIxs »”
R) FIRIBSOd | 21 13150p o) 1940 STOUIPU0D JEIOAPE JAPUn To50 PIRaD JHANA 1 :g_ % Sow ISR 0001 ..c_xm 01
it AT i WEisop e swak :
S PAO SUCEPLOD FRADE mPUn Mmoo Kjqeqosd [l jusaz oy ok gz 001 = 01
v NIVI¥AD 1SOWTV 1] WS AN J9AG 30 O) PoIdadia 51 TaAA ST 3k e 01
Asepunog anfEp
par sordyranaq sopidineeq [HASIPU 390311 [EuonoN JApEdpuUf
PYISPUEY AL uy pay
Plspur Jaywaipuy peiydog Sy1iquqosg jeamuy pstmycaddy

ALYAdOUd OLJSIE ONISSASSY N1 ASN HOJ ADOTONINYAL AALLV.LI'TYNO

200Z INIWIOVNVI XSIH JAINSANVT 304 SINITIAIND JLON IOLLOVYd

TOOHITINIT A0 STHASYIW AAILV LITV 10

LINAIWSSASSY MSTH FATISANY'T D XIAONTddV

Page 21

ABN: 62 051 307 852

Tel: 02 9975 3899 Fax: 02 99751943

3 Wanniti Road BELROSE NSW 2085
Email: design@civilandstructural.com.au

Web: www.civilandstructural.com.au



mailto:design@civilandstructural.com.au
http://www.civilandstructural.com.au/

CIVIL & STRUCTURAL ENGINEERING DESIGN SERVICES PTY. LTD.

GEOTECHNICAL REPORT

2002 WK | ON ZH IPA SIURLOBW0ED UB|BRSNY 25

opmd [erousd v se n2ad
..€san.u.._wxntﬁbugguougéoéﬁggaﬂnvﬁEucztuaitqﬁo.gabﬁésﬂc.gcgzaﬁﬁaasugﬁaﬁé

sampacoid sormummens sdoje [riuou Ag a8sumy aqmdacay | ASTUMOTAUIA A
1 Soueusyuea Su1080 “[RAS] ST 0) Y8 Y 20Mpal 03 annbal 19q $y jHUIRAN N, SIoe[Eas o) apgmedaca Aeaspy | o ASTHMOTS AN
T3]qRALOTIC FE UDUS B8 PALIAS]ALIT
3 PINOGS YSLT M0 03 33pas 01 5uMH0 JUMIIEILY, 4077 0F 358 9 20MP21 03 suondo 1Aas JO TONEERLISGLI NS ALVIAAON W
pun Supuue|d ‘uonednsaaur ssanbaz mq (feacsdde s, 300emSss 03 1007qns) SCOUBISWINAIS Ureed Ul PAIRL]03 24 LEpy

"Apdoerd 3G} J0 N[eA 95) 0) HORE W Gns [ENERISONS © 3502 PINOM NIOA, M0 O) §SU
ompal o) paspbar suondo JIzunesn 3o wotimsawapdu puE Furuusgd 'BONESNSIAUE PS{iiac] FAITII IO A[GRICIOIEUN
. VTR

S1p JO SNEA W) 20T 1500 03 ARNI] YO ‘[RotoRId 300 PuB dsrsudis 00) 3¢ AL {M07] 0 5L 2IDPIL 01 [EUISSI suondo
fusanEos Jo uonmeawadmt pus Juure]d ‘goressas pue uoteFisoAuT PI[TTIOP JATSEIING I ot o[gEIdasoeur)

T sweiesyd sy

SNOILVII'TdWI TAATT ¥STH

s
WAL S 78 PAUABI[GIT 3G 100 A P SAMFRAW [DU0D F5LI M 10 SUDNHU0S BUHS 0] St 1) JDQPIYs PIELS KLE[O 3 1K ¥ JRIQISSIEET Feu & IULSPISU0D 14 (@)
AERY MO ST 95170 UBI $83f 30 20UanDIS0OD B JeI 4oNs PAPIAIPGNS 9G AR ‘Y (190 104 (&) saox

A e T e 01 AIACAED ATV - o

: S SN W 501 WVE - T

W +01 AN - @

01 ANEISSOd - D

S R W 201 AT - 8

10N 01 NIVINED ISOWTY - V

%S0 Anigeqeid
ANVDLUNDISNI %s %07 %09 %007 [eouwy; spewrxosddy
i§ HONIW *p WNIATN E HOIMVIA 3T DIHJOMISYLYD :1 J0 I0[EA A PU]
(Bzareq jo wo)) Sremnoiddy 3 pvoipu] WIA) A IHAJONd OJ, SAONANOASNOD TOOHITANIY

ALYIdOYd OL ST A0 TAATT ~ XTI LV W SISTTVNY NSTH dALLY LITV 20

(QANNLINOD) A1HAJOUd O.L NSTH ONISSASSY NI SN HO4 ADOTONINHAL FALLYIITVAD - D XIANAddV
2007 LNIWIOVNVN XSIY 3AITSANYT 304 SINITIAIND 3LON ID1LOVid

ABN: 62 051 307 852

Tel: 02 9975 3899 Fax: 02 99751943
Web: www.civilandstructural.com.au

3 Wanniti Road BELROSE NSW 2085
Email: design@civilandstructural.com.au



mailto:design@civilandstructural.com.au
http://www.civilandstructural.com.au/

CIVIL & STRUCTURAL ENGINEERING DESIGN SERVICES PTY. LTD.

GEOTECHNICAL REPORT

EXAMPLES OF GOOD HILLSIDE PRACTICE
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