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Limitations

This report has been prepared for Mr Simon Tripp c/o Doug Westerway — DMC Building Group
Pty Ltd in accordance with Ascent Geotechnical Consulting’s (Ascent) Fee Proposal dated 3™
April, 2019.

The report is provided for the exclusive use the property owners, DMC Building Group Pty Ltd,
and their nominated agents for the specific development and purpose as described in this
report. This report must not be used for purposes other than those outlined in the report or
applied to any other projects.

The information contained within this report is considered accurate at the time of issue with
regard to the current conditions onsite as identified by Ascent and the documentation
provided by others.

The report should be read in its entirety and should not be separated from its attachments or
supporting notes. It should not have sections removed or included in other documents
without the express approval of Ascent.
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Overview

Background

This report presents the findings of a geotechnical assessment carried out at 271 Whale Beach
Road, Whale Beach (the “Site”), by Ascent Geotechnical Consulting (Ascent). This assessment
has been prepared to meet Northern Beaches Council lodgement requirements for
Development Application (DA).

1.2

Proposed Development

Details of the proposed development are outlined in a series of architectural design plans
prepared by Rob Crump Design, Job Number 2480 Issue B, Dated 22" August, 2019: -

The proposed works comprise the following:

13

Construction of new swimming pool, and Inclined lift,

Various landscaping detail,

The proposed development will take place on an approximately 1075.0m? residential
block being Lot 179 Sec DP 15376.

Relevant Instruments

This geotechnical assessment has been prepared in accordance with the following relevant
guidelines and standards:

Northern Beaches Council — Pittwater Local Environment Plan (PLEP) 2014 &
Pittwater Development Control Plan (PDCP) 2013.

Appendix 5 (to Pittwater P21) Geotechnical Risk Management Policy for Pittwater —
20009.

Pittwater 21 Development Control Plan — Bluff Management Area — P21DCP-BC-
MDCPO17T

Australian Geomechanics Society’s Landslide Risk Management Guidelines (AGS

2007).

Australian Standard 1726:2017 Geotechnical Site Investigations.

Australian Standard 2870:2011 Residential Slabs and Footings.

Australian Standard 1289.6.3.2:1997 Methods of Testing Soils for Engineering
Purposes.

Australian Standard 3798:2007 Guidelines on earthworks for commercial and
residential developments.
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A summary of site conditions identified at the time of our inspection is provided in the table

below (Table 1.).

Table 1: Summary of site conditions.

Parameter Description

Site Visit Ben Morgan & Morgan Spreadbury-Key - Ascent
Geotechnical —03/04/2019

Site Address 271 Whale Beach Road, Whale Beach, NSW — Lot 179 Sec

DP 15376

Site Area m? (approx.)

1075.0m? (By Title)

Existing development

Three-storey brick residence, tile roof.

Aspect

South

Average gradient & RL
(AHD)

~35 degrees | RL~31.0 at northern boundary to RL~5.1 at
southern boundary.

Vegetation

Established medium to large trees, shrubs and small
garden beds, and lawn areas.

Retaining Structures

Stable mortared sandstone stack-rock, formed concrete
and brick retaining walls are situated around the site.

A brick retaining wall, that is situated adjacent to the
north-western corner of the house, has cracked, and is
bulging significantly toward the east. The variable height
wall has previously been braced with two mortared brick
buttresses towards the southern end. A large, roughly
vertical crack is situated approximately halfway along the
remaining unsupported length, corresponding to the
significant budging in this area.

Neighbouring environment

Residentially developed to the east and west. Whale Beach
Road to the north. Whale Beach to the south.
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Image 1: Site location — 271 Whale Beach Road, Whale Beach - Red Pin (© Google Maps)
2.2 Geology and Geological Interpretation

The Sydney 1:100,000 Geological Sheet 9130 (NSW Dept. Mineral Resources, 1983) indicates
that the site is underlain by the Newport Formation of the upper Narrabeen Group (Rnn). The
site is situated in close proximity to the boundary between the Newport Formation rocks, and
the overlying Hawkesbury Sandstone (Rh). The Newport Formation geology is comprised of
interbedded laminite, shale and quartz, to lithic-quartz sandstones which are similar in
composition to the overlying Hawkesbury Sandstones. An exposed sandstone and shale
escarpment extends across the southern portion of the block and is interpreted to represent
the upper Newport Formation sandstones.

The soil profile consists of bioturbated organic sandy top soils (O & A Horizons) overlying
sandy clays (B Horizon) and weathered bedrock (C Horizon). Based on our observations and
the results of testing onsite, we would expect competent weathered bedrock to be found
within 500-2200mm from current surface levels across the site, where not already exposed
at the surface.

NOTE: The local geology is comprised of highly variable interbedded clays, shales and
sandstones, with abundant detached joint blocks and sandstone floaters at surface and in the
upper profile. The bedrock is often found in benched terraces, subsequently ground
conditions on site may alter significantly across short distances. This variability should be
anticipated and accounted for in the design and construction of any new foundations.
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2.3 Fieldwork

A site investigation was undertaken on the 3" April, 2019, which included a geotechnically
focused visual assessment of the property and its surrounds, geotechnical mapping,
photographic record, and subsurface investigation.

Five Dynamic Cone Penetrometer (DCP) tests were carried out to provide a continuous profile
of relative density of the shallow subsurface materials, and determine depth to weathered
rock (if encountered). These tests were conducted to the Australian Standard for ground
testing: AS 1289.6.3.2 — 1997. Possible locations of testing were constrained by existing
structures, exposed rock and vegetation. The location of these tests is shown on the site plan
provided and summary of the test results is presented below, with full details in the
engineering logs presented in the appendix section of this report:

Table 2: Summary DCP test results.

TEST DCP 1 DCP 2 DCP 3 DCP 4 DCP 5
SUMMARY | End of test @ Refusal @ Refusal @ End of test @ Refusal @
1.1m. No 2.1m. No 2.2m. No 1.5m. No 1.0m. No
significant significant significant significant significant
seepage seepage seepage seepage
jc,eepz?g.e identified. identified. identified. identified.
identified.

NOTE: The equipment chosen to undertake ground investigations provides the most cost-
effective method for understanding the subsurface conditions. Our interpretation of the
subsurface conditions is limited to the results of testing undertaken and the known geology
in the area. While every care is taken to accurately identify the subsurface conditions on-site,
variation between the interpreted model presented herein, and the actual conditions onsite
may occur. Should actual ground conditions vary from those anticipated, we would
recommend the geotechnical engineer be informed as soon as possible to advise if
modifications to our recommendations are required.

3 Geotechnical Assessment
3.1 Site Classification

Due to the characteristics of the soil profile on site, the site is classified as “S” in accordance
with AS 2870:2011.

3.2 Ground Water

Normal ground water seepage is expected to move downslope through the soil profile along
the interface with underling bedrock, or any impervious horizons in the profile such as clays.
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Due to the position of the block relative to the slope, and the underlying geology, the
proposed development is not interpreted to have and significant adverse effect on the
standing water table or groundwater movements on site.

3.3 Surface Water

Overland or surface flows entering the site from the adjoining areas were not identified at
the time of our inspection, however normal overland runoff could enter the site from above
during heavy or extended rainfall.

3.4 Slope Stability

A landslide hazard assessment of the existing slope has been undertaken in accordance with
the Australian Geomechanics Society Landslide Risk Management Concepts and Guidelines,
2007.

e The buttressed brick retaining wall adjacent to the north-western corner of the
residence displays significant bulging, lean, and cracking in the brickwork, this damage
is interpreted to be the result of inadequate structural design, failing to support the
lateral earth pressures and root growth, rather than slope instability itself.

e The concrete stairs providing access to the southern boundary display significant
settlement, cracking and displacement. This damage is interpreted to be the result of
settlement, due to inadequate foundation materials and footing design, rather than
slope instability itself.

¢ No evidence of significant soil creep, tension cracks, settlement, or other indicators of
slope instability were identified at the time of our inspection.

e The property is classified ‘Geotechnical Hazard H1’ in Northern Beaches Council
PLEP Geotechnical Hazard Map Sheet GTH_015 (PLEP Geotechnical Hazard Map
Image 2 below).

3.5 Coastal Processes

The seaward property boundary is at 5.1m AHD, the base of the cliff is at 5.8m AHD. The pool
works are located above 18.6m AHD. Coastal inundation is not considered to be a significant
risk (Ir)0290, 20" August, 2019). The lower portion of the inclined lift (below 8.0m AHD may
be impacted by wave runup in extreme storm events.

With reference to section 5.2 of the Horton Coastal Engineering report (IrJ0290, 20t" August,
2019), the cliff directly seaward of the subject site will be affected by both chemical and
mechanical weathering, with an approximate rate of regression of 5mm per year (this rate
considers projected sea level rise).

Based on the geology and geomorphology of the cliff, the above-mentioned regression rate,

7 of 14
Ascent Geotechnical Consulting Pty Ltd
PO Box 37 Manly NSW 1655 : 75 0448 255 537
www.ascentgeo.com.au : A.B.N. 71 621 428 402



\

ASCENT

GEOTECHNICAL CONSULTING

AG 19061
28" August, 2019

and information provided in the Horton Coastal engineering report, the effects of chemical
and mechanical weathering leading to coastal regression, nor, coastal inundation are
considered to pose no significant risk to the subject site when applied to a design life of 100

years.

Geotechnical Hazard

- Geotechnical Hazard H1
El Geotechnical Hazard H2

Image 2: 271 Whale Beach Road, Whale Beach — Geotechnical Hazard H1- Red polygon (©
PLEP 2014)

3.6 Geotechnical Hazards and Risk Analysis

No significant geotechnical hazards were identified above, beside or below the subject site.
The slope across the subject site has an average gradient of ~35 degrees. The soil profile is
comprised of sandy top soils and sandy clays overlying weathered bedrock, with shallow
marine sand profiles located at the southernmost portion of the block, confirmed by ground
testing. The likelihood of the slope failing is assessed as ‘UNLIKELY’, the consequences of such
a failure are assessed as ‘MINOR’. The risk to property is ‘LOW’. The existing conditions and
proposed development are considered to constitute an ‘“ACCEPTABLE’ risk to life and a ‘LOW’
risk to property provided that the recommendations outlined in Section 3.6 are adhered to.

We would consider the existing buttressed brick retaining wall located adjacent to the
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north-western corner of the block to constitute a moderate risk of collapse. Given its
location, and the probability that the area be occupied at the time of potential collapse, we
would recommend that temporary support be installed immediately to prevent collapse.
This may be in the form of additional buttresses or bracing. Furthermore, we would
recommend that the wall, including its returns, and its buttressed supports, be demolished
in the short term (1 — 18 months), and an adequately designed structural retaining solution
be installed.

Table 3. Risk Analysis Summary

HAZARDS HAZARD ONE HAZARD TWO HAZARD THREE
TYPE Failure of the slope that | Failure of the buttressed Regression of the cliff
falls approximately 35 brick retaining wall line and costal bluff,
degrees N to S across located adjacent to the situated seaward of the
the subiect site north-western corner of subject site, resulting in
J ' the block failure of the slope.
LIKELIHOOD ‘Unlikely’ (10°) ‘Possible’ (103) ‘Rare’ (10?)
CONSEQUENCES ‘Low’ (5%) ‘Medium’ (20%) ‘Medium’ (20%)
TO PROPERTY
RISK TO ‘Low’ (2 x 10%) ‘Low’ (2 x 10°) ‘Low’ (2 x 10°)
PROPERTY
RISK TO LIFE 5x 10/annum 2 x 10*/annum 5x 10°/annum
COMMENTS The level of risk is The level of risk is The level of risk is
‘Acceptable’ provided ‘Unacceptable’. To bring | ‘Acceptable’, based on
the recommendations this to an acceptable a design life of 100
provided in section 3.7 level, we would years.
. recommend that the wall,
of this report are . .
including its returns, and
adhered to its buttressed supports,
be demolished in the
short term (1-18
months), and an
adequately designed
structural retaining
solution be installed.
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3.7 Recommendations

The proposed development is considered to be suitable for the site. No significant
geotechnical hazards should result from the completion of the proposed development
provided the recommendations presented in Table 4 are adhered to.

Table 4: Geotechnical Recommendations.

Recommendation

Description

Soil Excavation

Soil excavation will be required for the proposed pool, Inclined lift
and to establish pad levels and footings across the site. It is
anticipated that these excavations will encounter sandy top soils and
sandy clays before weathered bedrock is encountered. Footings
located at the southernmost extent of the block are likely to
encounter shallow marine quartz sands.

Any excavations resulting in a permanent batter slope exceeding 0.75
m in height should be supported by a suitably designed and installed
retaining structures. Alternatively, where space/setbacks permit,
batters may be permitted assuming batter angles do not exceed
1(vertical): 2(Horizontal).

Temporary batter slopes may be considered where setbacks from
existing structures and property boundaries permits. Temporary
batter slopes in marine sands should not exceed 1 Vertical (V) in 1.5
Horizontal.

All excavated material is to be removed from the site in accordance
with current Office of Environment and Heritage (OEH) regulations.

Rock Excavation

All excavation recommendations as outlined below should be read in
conjunction with Safe Work Australia’s ‘Excavation Work — Code of
Practice’, published March, 2015.

The excavations required for the construction of the proposed pool
are expected to encounter small amounts of fill, sandy topsoils, and
minor sandy clays, with weathered sandstone bedrock expected
between ~ <0.5 — 2.2m across the area of the proposed works.

It is essential that any excavation through rock that cannot be readily
achieved with a bucket excavator or ripper should be carried out
initially using a rock saw to minimise the vibration impact and
disturbance on the adjoining properties, and adjacent structures. Any
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rock breaking must be carried out only after the rock has been sawed
and in short bursts (2-5 seconds) to prevent the vibration amplifying.
The break in the rock from the saw must be between the rock to be
broken and the closest adjoining structure.

All excavated material is to be removed from the site in accordance
with current Office of Environment and Heritage (OEH) regulations.

Vibrations

The Australian Standard AS2670.2-1990 “Evaluation of human
exposure to whole-body vibrations — continuous and shock induced
vibrations in buildings (1-80 Hz)” suggests a day time limit of 5 mm/s
component PPV for human comfort is acceptable.

If necessary we would suggest allowable vibration limits be set at
5mm/s PPV. It is expected that rock hammers with an approximate
weight of 400-600kg will be adequate to operate within these
tolerances. It may be necessary to move to smaller rock hammers or
to rotary grinders or rock saws if vibrations limits cannot be met.

The propagation of vibrations can be mitigated by pulsing the use of
rock hammers, i.e. short bursts, utilising line sawing along
boundaries.

Excavation
Support

Vertical or sub-vertical cuts through at least low strength sandstone
bedrock should stand unsupported until permanent supporting
structures are installed. Provided the appropriate batter angles,
mentioned above, are achieved, and any exposed soil batter is
covered to prevent excessive infiltration or evaporation of moisture,
no significant excavation support should be required.

Any permanent vertical or sub-vertical cuts are to be supported by
engineer designed and adequately constructed retaining structures
with appropriate backfill drainage.

Sediment and
Erosion Control

Appropriate design and construction methods shall be required
during site works to minimise erosion and provide sediment control.
In particular, any stockpiled soil will require erosion control
measures, such as siltation fencing and barriers, to be designed by
others.

Footings

Visual assessment and our subsurface testing carried out at the Site
suggested the presence of sandy top soil and sandy clays overlying
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weathered bedrock across the site. Shallow marine sands were
encountered at the southernmost portion of the site. All pad, strip or
piered footings should be founded on and socketed a minimum of
300mm in to the underlying weathered bedrock utilising piers as
required. For fully cleaned footings, the allowable bearable pressure
is 800 kPa.

Footings on the natural stiff clays, taken to at least 600mm below
existing surface levels, can be designed for an allowable end bearing
capacity of 250 kPa. Footings on compacted marine quartz sands can
be designed for an end bearing capacity of 150 kPa.

Footings for the lower landing of the inclined lift are to be socketed a
minimum of 300mm into bedrock. Consideration should be given to
potential coastal processes, as described in Horton Coastal
Engineering report (provided in appendix of this report), when
designing the structure and its foundations.

Note: The local geology is comprised of highly variable interbedded
clays, shales and sandstones, with abundant detached joint blocks
and sandstone floaters in the upper profile. Subsequently ground
conditions on site may alter significantly across short distances. This
variability should be anticipated and accounted for in the design and
construction of any new foundations. We recommend that Ascent
be contacted immediately if conditions onsite are outside of those
expected.

Retaining
Structures

Any retaining structures to be constructed as part of the site works
are to be backfilled with suitable free-draining materials wrapped in
a non-woven geotextile fabric (i.e Bidim A34 or similar), to prevent
the clogging of the drainage with sediment.

Fills

Any fill that may be required is to comprise local sand, clay and
weathered rock. Existing organic topsoil is to be cleared in
preparation for the introduction of fill.

Any new fill material is to be placed in layers not more than 250 mm
thick and compacted to not less than 95% of Standard Optimum Dry
Density at plus or minus 2% of Standard Optimum Moisture Content.
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All new fill placement is to be carried out in accordance with AS 3798
— 2007 — Guidelines on earthworks for commercial and residential
developments.

Stormwater
Disposal

Any stormwater collected from hard surfaces is to be collected and
piped to an appropriately designed stormwater system for the block
through any storage tanks or on-site detention that may be required
by the regulating authorities, and preferably discharged to Councils
stormwater network off site, or a non-erosive on-site disposal
system.

Inspections

It is essential that the foundation materials of all footing excavations
be inspected and approved before steel reinforcement and concrete
is placed.

Conditions
Relating to Design
and Construction
Monitoring

To comply with Council conditions and enable the completion of
Forms 2B and 3 as required in Councils Geotechnical Risk
Management Policy, it will be necessary, at the following stage for
Ascent to;

Form 2B — Pre-Construction Certificate. Review and certify the
geotechnical content of all structural designs.

Form 3 - Inspected and certified all new footings and bulk
excavations to confirm compliance to design with respect to
allowable bearing pressure and stability. Final inspection of site, post
construction.

Should you have any queries regarding this report, please do not hesitate to contact the
author of this report, undersigned.

For and on behalf of, Ascent Geotechnical Consulting Pty Ltd,

%«ﬁ

Ben Morgan BSc Geol.
Engineering Geologist
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GEOTECHNICAL RISK MANAGEMENT POLICY FOR PITTWATER
FORM NO. 1 — To be submitted with Development Application

Development Application for _SIMON TRIPP

Name of Applicant

Address of site 271 WHALE BEACH ROAD, WHALE BEACH

Declaration made by geotechnical engineer or engineering geologist or coastal engineer (where applicable) as part of a geotechnical

report
r KAREN ALLAN onbehalfof  Ascent Geotechnical Consulting P/L
(insert name) (Trading or Company Name)
on this the 28/08/2019 certify that | am a geotechnical engineer or engineering geologist or coastal engineer

as defined by the Geotechnical Risk Management Policy for Pittwater - 2009 and | am authorised by the above organisation/company to issue
this document and to certify that the organisation/company has a current professional indemnity policy of at least $2million.

Please mark appropriate box
Prepared the detailed Geotechnical Report referenced below in accordance with the Australia Geomechanics Society’s Landslide Risk
Management Guidelines (AGS 2007) and the Geotechnical Risk Management Policy for Pittwater - 2009

X | am willing to technically verify that the detailed Geotechnical Report referenced below has been prepared in accordance with the
Australian Geomechanics Society’s Landslide Risk Management Guidelines (AGS 2007) and the Geotechnical Risk Management Policy for
Pittwater - 2009

O Have examined the site and the proposed development in detail and have carried out a risk assessment in accordance with
paragraph 6.0 of the Geotechnical Risk Management Policy for Pittwater - 2009. | confirm the results of the risk assessment for the proposed
development are in compliance with the Geotechnical Risk Management Policy fro Pittwater - 2009 and further detailed geotechnical reporting is
not required for the subject site.

O Have examined the site and the proposed development/alteration in detail and am of the opinion that the Development Application
only involves Minor Development/Alterations that do not require a Detailed Geotechnical Risk Assessment and hence my report is in
accordance with the Geotechnical Risk Management Policy for Pittwater — 2009 requirements for Minor Development/Alterations.

O Have examined the site and the proposed development/alteration is separate form and not affected by a Geotechnical Hazard and does not
require a Geotechnical report or Risk Assessment and hence my Report is in accordance with the Geotechnical Risk Management Policy for
Pittwater — 2009 requirements

O Provided the coastal process and coastal forces analysis for inclusion in the Geotechnical Report

Geotechnical Report Details:

Report Title: Geotechnical Assessment Report for Alterations and Additions at 271 Whale Beach Road, Whale Beach, NSW
Report Date: 28/08/2019

Author: Ben Morgan / Karen Allan

Author’'s Company/Organisation: Ascent Geotechnical Consulting Pty Ltd

Documentation which relate to or are relied upon in report preparation:

Architectural Design Plans prepared by Rob Crump Design, Job 2480, Issue B Dated 22" August, 2019

Lrj0290 — 271 Whale Beach Road, Whale Beach — V2 — 27" August 2019 — Horton Coastal Engineering

| am aware that the above Geotechnical Report, prepared for the abovementioned site is to be submitted in support of a Development
Application for this site and will be relied on by Northern Beaches Council as the basis for ensuring that the Geotechnical Risk Management aspects
of

the proposed development have been adequately addressed to achieve an “Acceptable Risk Management” level for the life of the structure,
taken as at least 100 years unless otherwise stated and justified in the Report and that reasonable and practical measures have been
identified to remove foreseeable ' risk.

S S
Signature (£ /(7,,

Name Karen Allan

Chartered Professional Status MIE Aust CPEng NER
Membership No. 793020

Company Ascent Geotechnical Consulting Pty Ltd

Policy of Operations and Procedures Council Policy — No 178 Page 19



GEOTECHNICAL RISK MANAGEMENT POLICY FOR PITTWATER

FORM NO. 1(a) - Checklist of Requirements for Geotechnical Risk Management Report for

Development Application

Development Application for _ Simon Tripp

Name of Applicant
Address of site 271 WHALE BEACH ROAD, WHALE BEACH

The following checklist covers the minimum requirements to be addressed in a Geotechnical Risk Management Geotechnical
Report. This checklist is to accompany the Geotechnical Report and its certification (Form No. 1).

Geotechnical Report Details:

Report Title: Geotechnical Assessment Report for Alterations and Additions at 271 Whale Beach Road, Whale Beach, NSW
Report Date: 28/08/2019
Author: Ben Morgan / Karen Allan

Author’'s Company/Organisation: Ascent Geotechnical Consulting PTY LTD

Please mark appropriate box
(date)
X Mapping details presented on contoured site plan with geomorphic mapping to a minimum scale of 1:200 (as appropriate)
X Subsurface investigation required
[ No Justification ...,
Xl Yes Date conducted 03/04/2019
Geotechnical model developed and reported as an inferred subsurface type-section
Geotechnical hazards identified
[ Above the site
[X] On the site
[ Below the site
[ Beside the site
Geotechnical hazards described and reported
Risk assessment conducted in accordance with the Geotechnical Risk Management Policy for Pittwater - 2009
Xl Consequence analysis
Xl Frequency analysis

XX

XX

Risk calculation
Risk ment for property conducted in accordance with the Geotechnical Risk Management Policy for Pittwater - 2009

Policy for Pittwater - 2009

conditions are achieved.
Design Life Adopted:

X X XXXX

X100 years

ClOther .. _.....
specify

Geotechnical Conditions to be applied to all four phases as described in the Geotechnical Risk Management Policy for

Pittwater — 2009 have been specified

Additional action to remove risk where reasonable and practical have been identified and included in the report.

Risk Assessment within Bushfire Asset Protection Zone

KX K

| am aware that Pittwater Council will rely on the Geotechnical Report, to which this checklist applies, as the basis for ensuring that
the geotechnical risk management aspects of the proposal have been adequately addressed to achieve an “Acceptable Risk
Management” level for the life of the structure, taken as at least 100 years unless otherwise stated, and justified in the Report and that
reasonable and practical measures have been identified to remove foreseeable risk.

Signature 7~ ///( —

Name Karen Allan

Chartered Professional Status MIE Aust CPEng

Membership No. 793020

Company Ascent Geotechnical Consulting Pty Ltd

Policy of Operations and Procedures Council Policy — No 178

Risk ment for loss of life conducted in accordance with the Geotechnical Risk Management Policy for Pittwater - 2009
Assessed risks have been compared to “Acceptable Risk Management” criteria as defined in the Geotechnical Risk Management

Opinion has been provided that the design can achieve the “Acceptable Risk Management” criteria provided that the specified
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ASCENT

GEOTECHNICAL CONSULTING

Po Box 37, Manly, NSW 1655, Australia

Tel: 0448 255 537

Mail: Ben@ascentgeo.com.au

Dynamic Cone Penetration Test Report

Client:
Project:
Location:

DMC Building Group Pty Ltd
Alterations and Additions

271 Whale Beach Road, Whale Beach, NSW Operator:

Job No: AG 19061
Date: 3/4/19
MSK

Test Procedure:

AS 1289.6.3.2 — 1997

Test Data

Test No: DCP 1

Test No: DCP 2

Test No: DCP 3

Test No: DCP 4

Test No: DCP 5

Test Location:
Refer to Site Plan

Test Location:
Refer to Site Plan

Test Location:
Refer to Site Plan

Test Location:
Refer to Site Plan

Test Location:
Refer to Site Plan

RL: ~22.4 RL: ~21.9 RL: ~21.9 RL: ~11.0 RL: ~ 8.8
Soil Classification: Soil Classification: Soil Classification: Soil Classification: Soil Classification:
M M M M M

Depth (m)| Blows |Depth (m)| Blows [Depth (m)| Blows |Depth(m)| Blows [Depth (m)| Blows
0.0-0.3 2 0.0-0.3 3 0.0-0.3 1D 0.0-0.3 3 0.0-0.3 1D
0.3-0.6 5 0.3-0.6 3 0.3-0.6 2 0.3-0.6 5 0.3-0.6 10
0.6-0.9 15 0.6-0.9 4 0.6-0.9 3 0.6-0.9 4 0.6-0.9 10
09-1.2 45 09-1.2 4 09-1.2 6 09-1.2 25 09-1.2 29 Rs
1.2-1.5 1.2-1.5 6 1.2-1.5 6 1.2-1.5 45 1.2-1.5

1.5-1.8 1.5-1.8 10 1.5-1.8 6 1.5-1.8 1.5-1.8

1.8-21 1.8-21 10 1.8-21 7 1.8-21 1.8-21

21-24 21-24 9Rs 21-24 15 Rs 21-24 21-24

24-27 24-27 24-27 24-27 24-27

27-3.0 27-3.0 27-3.0 27-3.0 27-3.0

3.0-33 3.0-33 3.0-33 3.0-33 3.0-33

3.3-3.6 3.3-3.6 3.3-3.6 3.3-3.6 3.3-3.6

3.6-3.9 3.6-3.9 3.6-3.9 3.6-3.9 3.6-3.9

3.9-42 3.9-42 3.9-42 3.9-42 3.9-42

4.2-4.5 4.2-4.5 4.2-4.5 4.2-4.5 4.2-4.5

DCP 1: End of test @
1.1m in inferred
weathered bedrock.
Brown/yellow clays
with medium quartz
sands on moist tip.

DCP 2: Refusal @
2.1m Bouncing on
inferred weathered
bedrock.
Brown/yellow/red
clays with medium
quartz sands on moist|

tip.

DCP 3: Refusal @
2.2m Bouncing on
inferred weathered
bedrock.
Brown/yellow/red
clays with medium
quartz sands on moist|

tip.

DCP 4: Refusal @
1.5m Bouncing on
inferred weathered
bedrock.
Brown/yellow/red
clays with medium
quartz sands on moist|

tip.

DCP 5: End of test @
1.0m in inferred
weathered bedrock.
Brown/yellow fine
clay on wet tip.

Remarks:

Available test locations limited. No significant groundwater

encountered.

Weight:
Drop:
Rod Diameter:

9 kg
510 mm
16 mm

Rs = Solid ring/Hammer bouncing
D = Dropped under weight of Hammer
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HORTON COASTAL ENGINEERING PTY LTD
18 Reynolds Cres

Beacon Hill NSW 2100

+61(0)407 012 538
peter@hortoncoastal.com.au
www.hortoncoastal.com.au

ABN 31612198 731

ACN 612198 731

Simon Tripp

C/ - DMC Building Group Pty Ltd

Attention: Doug Westerway

PO Box 406

Manly NSW 1655

(sent by email only to doug@dmcbuilding.com.au)

27 August 2019
Coastal Engineering Advice on 271 Whale Beach Road Whale Beach
1. INTRODUCTION AND BACKGROUND

[t is proposed to construct a pool and inclinator at 271 Whale Beach Road Whale Beach, for
which a Development Application (DA2019/0534) has been submitted to Northern Beaches
Council. Council has noted that preparation of a coastal engineering report is required.

The property is located within a “Bluff/Cliff Instability” area designated on the Coastal Risk
Planning Map (Sheet CHZ_015) that is referenced in Pittwater Local Environmental Plan 2014.
Therefore, the property is subject to Chapter B3.4 of the DCP?, and the Geotechnical Risk
Management Policy for Development in Pittwater. Based on Chapter 6.5(i) of this policy, “a
coastal engineer’s report on the impact of coastal processes on the site and the coastal forces
prevailing on the bluff must be incorporated into the geotechnical assessment as an appendix
and the Coastal Engineer’s assessment must be addressed through the Geotechnical Report and
structural specification”. Accordingly, this coastal engineering report is set out herein.
Completed Form No. 1 as given in the Geotechnical Risk Management Policy for Pittwater is
attached at the end of the document herein.

The report author, Peter Horton [BE (Hons 1) MEngSc MIEAust CPEng NER], is a professional Coastal
Engineer with 27 years of coastal engineering experience. He has postgraduate qualifications
in coastal engineering, and is a Member of Engineers Australia and Chartered Professional
Engineer (CPEng) registered on the National Engineering Register. He is also a member of the
National Committee on Coastal and Ocean Engineering (NCCOE) and NSW Coastal, Ocean and
Port Engineering Panel (COPEP) of Engineers Australia. Peter has prepared coastal
engineering reports for numerous cliff/bluff properties along the former Pittwater Council
coastline in recent years, including in the Whale Beach area.

Peter Horton undertook a specific site inspection of the subject property on 7 August 2019, and
has inspected the area in the vicinity of the property on numerous occasions over at least the
last 10 years.

Note that all levels given herein are to Australian Height Datum (AHD). Zero metres AHD is
approximately equal to mean sea level at present.

1 The Pittwater 21 DCP up to Amendment No. 24, which came into effect on 20 October 2018, was considered herein.

1rJ0290-271 Whale Beach Road Whale Beach-v2.docx © 2019 Horton Coastal Engineering Pty Ltd 1
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2. INFORMATION PROVIDED

During the course of the investigation reported herein, Horton Coastal Engineering found that
the site survey submitted with the DA had incorrect levels. A revised survey was thus provided
by True North Surveys, Drawing No. 8807DTA and dated 19 August 2019 (corrected from the
version submitted with the DA by lowering levels by 4.33m). Horton Coastal Engineering was
also provided with a total of four Rob Crump Design drawings revised from the DA (all Issue B
and dated 22 August 2019) and two Inclinator Services drawings submitted with the DA (both
Issue A and dated 2 April 2019).

3. EXISTING SITE DESCRIPTION

The subject property is located at a rocky cliff/bluff north of the northern end of the sandy
Whale Beach, west of Little Head. Photographs of the property are provided in Figure 1 and
Figure 2, with an aerial view in Figure 32. The property is currently occupied by a 2-3 storey
dwelling. A cross-section through the property, derived from Airborne Laser Scanning (ALS)
data held by Horton Coastal Engineering that was collected in 2011, is depicted in Figure 4.

e el - ¢ Sedia < =

Figure 2: Close view of subject property from Whale Beach on 7 August 2019, looking north

2 Note that the property boundary depicted in Figure 3 was derived from GIS information provided by the Department of
Lands, and is not survey accurate.
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Figure 3: Aerial view of subject property on 30 August 2018
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Figure 4: Cross-section through subject property
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Based on the ALS and survey data, ground elevations at and adjacent to the subject property
approximately vary as follows:

33m AHD at Whale Beach Road;

31m AHD at the northern property boundary;

21m AHD at the southern edge of the existing dwelling;

20.5m AHD at the top of the cliff south of the dwelling;

5.8m AHD at the bottom of the cliff south of the dwelling (average slope of 37° over the
cliff section);

5.1m AHD at the seaward property boundary; and

e 3.5m AHD at the sand/vegetation interface.

Coffey & Partners (1987) noted that the cliff profiles from Little Head to south Palm Beach have
been formed by an interbedded sequence of sandstone and interbedded siltstone/sandstone.

4. PROPOSED DEVELOPMENT

It is proposed to construct a pool (at a coping level of 20.9m AHD) south of the deck located
south of the existing dwelling, and to construct an inclinator along the western boundary from
the pool level down to a landing at 6.2m AHD.

5. MECHANISMS FOR CLIFF EROSION
5.1 Preamble

Erosion of sheer cliffs can occur in two forms (Public Works Department, 1985), either:

e aslow, relatively gradual attrition of cliff material due to the effects of weathering; or

e relatively infrequent but sudden collapse of large portions of cliff face, due to
undercutting, wave impact forces, changed groundwater conditions, rock shattering or
increased loadings related to construction, and other processes.

Weathering may induce undercutting and toppling failure of overhanging blocks if the rate of
weathering is highest near the base of the cliff or at other levels below the top of the cliff.
Erosion of steep slopes tends to occur suddenly in association with heavy rainfall or changes to
drainage patterns, slope undercutting, and increases of load on the slope.

5.2 Weathering Rate

Both chemical and mechanical weathering can reduce the strength of cliff material (Sunamura,
1983). Chemical weathering includes hydration and solution, caused by the interaction
between cliff material and sea water. Mechanical weathering comprises:

e the wetting and drying process in the intertidal zone;

e generation of repeated stresses in cliff material by periodic wave action (particularly
waves that break on the cliff); and

e frosteffects in cold latitudes.

Historical rates of recession for softer beds of Sydney coastline sandstone cliffs, which include
chemical and mechanical weathering, have been determined to be 2Zmm to 5mm per year by
Dragovich (2000). This is consistent with average recession rates for Sydney Northern
Beaches coastline sandstone cliffs of 4mm/year determined by Crozier and Braybrooke (1992).
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The base of the cliff at the subject property, at a level of about 5.8m AHD, is well above the
intertidal zone (above 1m AHD) and would only potentially be impacted by wave action in
extreme storms (in the order of 1% Annual Exceedance Probability).

Given this, it is considered that an erosion/weathering rate of 5mm per year is likely to be
conservative, but is recommended for adoption. This rate should be considered and assessed
by the geotechnical engineer. The rate is considered to be reasonable to apply over a design
life of 100 years (conservative for the type of development proposed), including allowance for
projected sea level rise. To be conservative, the rate can be applied over the entire exposed
cliff face between about 6m and 20m AHD, although in reality it would be expected that runup
would generally be below about 8m AHD in a severe coastal storm.

The geotechnical engineer should consider this rate in conjunction with an understanding of
the particular nature of the cliff materials at the subject property, their resistance to erosion,
and potential failure planes related to geotechnical issues such as the joint spacing?.

6. COASTAL INUNDATION

With the pool works generally above 18.5m AHD (the base of pool level), coastal inundation is
not a significant risk to the pool over a planning period of well over 100 years. The lower
portion of the inclinator (below about 8m AHD) may be impacted by wave runup at times of
severe coastal storms.

7. RECOMMENDATIONS FOR ACHIEVING ACCEPTABLY LOW RISK TO DEVELOPMENT
FROM COASTAL ENGINEERING PERSPECTIVE

To reduce the risk of the inclinator and lower landing being damaged due to undermining by
coastal erosion/recession, it is recommended that the supports for these items are socketed
into bedrock. Ascent Geotechnical Consulting (2019) considered that bedrock was within 0.5m
to 2.2m of the ground surface where not already exposed on the site (and found bedrock within
1.5m of the ground surface over the lower portion of the site). The supports should be
designed to withstand wave forces and sand slumping forces above the bedrock as estimated
by a coastal engineer.

It is recommended that the deck for the inclinator lower landing has say a minimum of 5mm
gaps between planks, to reduce the potential for wave uplift popping out the decking in severe
coastal storms. At times of severe storms, the inclinator carriage should be positioned at the
top of the inclinator rails, to reduce the risk of damage from wave runup. Materials for the
inclinator should be selected that are suitable for the marine environment (mainly salt spray).

8. MERIT ASSESSMENT
8.1 Preamble
The merit assessment herein has been undertaken assuming that the geotechnical engineer has

found that the proposed development is at an acceptably low risk of damage from coastal
erosion/recession of the cliff seaward of the property for a design life of at least 100 years.

3 Coffey & Partners (1987) noted that the controlling feature of interbedded sandstone/siltstone cliffs (as per the subject
property) was the bedding spacing and relative proportion of sandstone/siltstone.
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8.2  State Environmental Planning Policy (Coastal Management) 2018
82.1 Preamble

Based on State Environmental Planning Policy (Coastal Management) 2018 (SEPP Coastal) and
its associated mapping, the subject property is within a “coastal environment area” (at its SE
corner) and “coastal use area”.

822 C(Clause13

Based on Clause 13(1) of SEPP Coastal, “development consent must not be granted to
development on land that is within the coastal environment area unless the consent authority
has considered whether the proposed development is likely to cause an adverse impact on the
following:

(a) the integrity and resilience of the biophysical, hydrological (surface and groundwater)
and ecological environment,

(b) coastal environmental values and natural coastal processes,

(c) the water quality of the marine estate (within the meaning of the Marine Estate
Management Act 2014), in particular, the cumulative impacts of the proposed
development on any of the sensitive coastal lakes identified in Schedule 1,

(d) marine vegetation, native vegetation and fauna and their habitats, undeveloped
headlands and rock platforms,

(e) existing public open space and safe access to and along the foreshore, beach, headland
or rock platform for members of the public, including persons with a disability,

(f) Aboriginal cultural heritage, practices and places,

(g) the use of the surf zone”.

This is not a coastal engineering matter, but it can be noted that with regard to (a), the
proposed development would not be expected to adversely affect the biophysical, hydrological
(surface and groundwater) and ecological environments, being in an existing developed area
and only covering a relatively small footprint. Ascent Geotechnical Consulting (2019) also
noted that proposed development was not interpreted to have a significant adverse effect on
the standing water table or groundwater movements at the site.

With regard to (b), the proposed development would not be expected to adversely affect
coastal environmental values or natural coastal processes over an acceptably long design life,
as it would be founded on bedrock and suspended above most wave action for an acceptably
rare storm.

With regard to (c), the proposed development would not be expected to adversely impact on
water quality, with the residential land use. No sensitive coastal lakes are located in the
vicinity of the proposed development.

With regard to (d), the proposed development would not impact marine vegetation, native
vegetation and fauna and their habitats (of significance, which are not known to exist at the
property), undeveloped headlands and rock platforms, with none of these items in proximity to
the development (being on an already developed headland). No significant impacts on marine
fauna and flora would be expected as a result of the proposed development, as the
development would not interact with subaqueous areas for an acceptably rare storm and
acceptably long life.

1rJ0290-271 Whale Beach Road Whale Beach-v2.docx © 2019 Horton Coastal Engineering Pty Ltd 7
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With regard to (e), it can be noted that the proposed development is entirely within the subject
property boundary and will not alter existing public access arrangements south of the

property.

With regard to (f), a search of the Office of Environment and Heritage “Aboriginal Heritage
Information Management System” (AHIMS) was undertaken on 19 August 2019. This resulted
in no Aboriginal sites and no Aboriginal places being recorded or declared at the subject

property.

With regard to (g), the proposed development would not interact with the surf zone for an
acceptably rare storm occurring over an acceptably long life, so would not impact on use of the
surf zone.

Based on Clause 13(2) of SEPP Coastal, “development consent must not be granted to
development on land to which this clause applies unless the consent authority is satisfied that:

(a) the development is designed, sited and will be managed to avoid an adverse impact
referred to in subclause (1), or

(b) if that impact cannot be reasonably avoided—the development is designed, sited and
will be managed to minimise that impact, or

(c) if that impact cannot be minimised—the development will be managed to mitigate that
impact”.

The proposed development has been designed and sited to avoid any potential adverse impacts
referred to in Clause 13(1).

823 Clause 14

Based on Clause 14(1) of SEPP Coastal, “development consent must not be granted to
development on land that is within the coastal use area unless the consent authority:

(a) has considered whether the proposed development is likely to cause an adverse impact
on the following:
(i) existing, safe access to and along the foreshore, beach, headland or rock
platform for members of the public, including persons with a disability,
(ii)  overshadowing, wind funnelling and the loss of views from public places to
foreshores,
(iii)  the visual amenity and scenic qualities of the coast, including coastal headlands,
(iv)  Aboriginal cultural heritage, practices and places,
(v)  cultural and built environment heritage, and
(b) is satisfied that:
(i) the development is designed, sited and will be managed to avoid an adverse
impact referred to in paragraph (a), or
(ii)  if that impact cannot be reasonably avoided—the development is designed, sited
and will be managed to minimise that impact, or
(iii)  if that impact cannot be minimised—the development will be managed to
mitigate that impact, and
(c) has taken into account the surrounding coastal and built environment, and the bulk,
scale and size of the proposed development”.

With regard to Clause (a)(i), the proposed development is entirely on private property and will
not affect public foreshore, beach, headland or rock platform access.
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Clauses (a)(ii) and a(iii) are not coastal engineering matters so are not considered herein.

With regard to (a)(iv), as noted in Section 8.2.2, there are no Aboriginal sites or Aboriginal
places recorded or declared at the subject property.

With regard to (a)(v), the nearest environmental heritage items to the subject property listed
in Schedule 5 of Pittwater Local Environmental Plan 2014 are the house “Orcades” at 309-311
Whale Beach Road Palm Beach, and Norfolk Island Pines at Whale Beach Ocean Reserve
adjacent to The Strand. (both about 260m from the proposed development). The proposed
development would not be expected to impact on these areas.

With regard to (b), the proposed development has been designed and sited to avoid any
potential adverse impacts referred to in Clause 14(1) for the matters considered herein.

Clause (c) is not a coastal engineering matter so is not considered herein.

824 Clause15

Based on Clause 15 of SEPP Coastal, “development consent must not be granted to
development on land within the coastal zone unless the consent authority is satisfied that the
proposed development is not likely to cause increased risk of coastal hazards on that land or
other land”.

If the recommendations outlined in Section 7 are adopted, the proposed development would be
at an acceptably low risk of damage from projected coastal erosion/recession and coastal
inundation for a planning period of 100 years. The proposed development would be founded
on bedrock and generally suspended above or landward of coastal processes over its design life
(and only interact with wave runup in severe coastal storms), so the proposed development is
unlikely to cause increased risk of coastal hazards on that land or other land over its design life.

8.2.5 Synthesis

The proposed development satisfies the requirements of State Environmental Planning Policy
(Coastal Management) 2018 for the matters considered herein.

8.3 Pittwater Local Environmental Plan 2014

Clause 7.5 of Pittwater Local Environmental Plan 2014 (LEP 2014) applies at the subject
property, as the property is identified as “Bluff/Cliff Instability” on the Coastal Risk Planning
Map Sheet CHZ_015. Based on Clause 7.5(3) of LEP 2014, “development consent must not be
granted to development on land to which this clause applies unless the consent authority is
satisfied that the development:

(a) is not likely to cause detrimental increases in coastal risks to other development or
properties, and

(b) is not likely to alter coastal processes and the impacts of coastal hazards to the
detriment of the environment, and

(c) incorporates appropriate measures to manage risk to life from coastal risks, and

(d) is likely to avoid or minimise adverse effects from the impact of coastal processes and
the exposure to coastal hazards, particularly if the development is located seaward of
the immediate hazard line, and
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(e) provides for the relocation, modification or removal of the development to adapt to the
impact of coastal processes and coastal hazards, and

(f) has regard to the impacts of sea level rise, and

(g) will have an acceptable level of risk to both property and life, in relation to all
identifiable coastline hazards”.

With regard to (a) and (b), the proposed development would not increase coastal risks nor
alter coastal processes and the impacts of coastal hazards, being founded on and suspended
above bedrock, and well landward of typical coastal processes.

With regard to (c) and (d), it is considered that founding the proposed development on
bedrock is an appropriate measure to manage risk to life from coastal risks, and to avoid or
minimise adverse effects from the impact of coastal processes and the exposure to coastal
hazards. Item (g) is ultimately for the geotechnical engineer to assess, with consideration of
the findings herein. Assuming that they find that the proposed development is at an acceptably
low risk of damage over a 100 year planning period with appropriate measures incorporated in
the design and construction, Item (g) would be satisfied. On this basis, (e) should not be
necessary, noting that this would be more applicable in a sandy beach environment.

With regard to (f), sea level rise has been considered herein.
9. FORM

Completed Geotechnical Risk Management Policy for Pittwater Form No. 1 is attached at the end
of the document herein. Note that the declaration on Form No. 1 is not appropriate for a
coastal report, with the revised declaration below:

“I am aware that the above Coastal Report, prepared for the abovementioned site is to be
submitted to assist with a geotechnical investigation for a Development Application for
this site, with that geotechnical investigation relied on by Northern Beaches Council as the
basis for ensuring that the Geotechnical Risk Management aspects of the proposed
development have been adequately addressed. No declaration can be made on the
geotechnical investigation as this has not been prepared nor reviewed by me, and nor do I
have geotechnical engineering expertise”.

10. CONCLUSIONS

A conservative allowance for erosion/weathering of 5mm per year of the southern face of the
cliff/bluff at 271 Whale Beach Road Whale Beach should be considered and assessed by the
geotechnical engineer. The geotechnical engineer should consider this rate in conjunction with
an understanding of the particular nature of the cliff materials seaward of the subject property,
their resistance to erosion, and potential failure planes related to geotechnical issues such as
the joint spacing.

Coastal inundation is not a significant risk to the pool over a planning period of well over
100 years. The lower portion of the inclinator (below about 8m AHD) may be impacted by

wave runup at times of severe coastal storms.

If the recommendations outlined in Section 7 are followed, the proposed development would
be at an acceptably low risk of damage from a coastal engineering perspective.
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Assuming that the geotechnical engineer will find that the development is at an acceptably low
risk of damage from erosion/recession over a 100 year design life, the proposed development
satisfies the requirements of State Environmental Planning Policy (Coastal Management) 2018
(Clauses 13, 14 and 15) and Clause 7.5 of Pittwater Local Environmental Plan 2014 for the
matters considered herein.
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12. SALUTATION

If you have any further queries, please do not hesitate to contact Peter Horton via email at
peter@hortoncoastal.com.au or via mobile on 0407 012 538.

Yours faithfully
HORTON COASTAL ENGINEERING PTY LTD

Peter Horton
Director and Principal Coastal Engineer

This report has been prepared by Horton Coastal Engineering Pty Ltd on behalf of and for the exclusive use of Simon Tripp and DMC
Building Group Pty Ltd (the client), and is subject to and issued in accordance with an agreement between the client and Horton Coastal
Engineering Pty Ltd. Horton Coastal Engineering Pty Ltd accepts no liability or responsibility whatsoever for the report in respect of any
use of or reliance upon it by any third party. Copying this report without the permission of the client or Horton Coastal Engineering Pty
Ltd is not permitted.

Geotechnical Risk Management Policy for Pittwater Form No. 1 is attached overleaf
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GEOTECHNICAL RISK MANAGEMENT POLICY FOR PITTWATER
FORM NO. 1 — To be submitted with Development Application
Development Application for Simon Tripp

of Applicant

Address of site 27 1 Whale Beach RoagaWhale each

Declaration made by geotechnical engineer or engineering geologist or coastal engineer (where applicable) as part of a
geotechnical report

. Peter Horton on behalf of Horton Coastal Engineering Pty Ltd

(Insert Name) (Trading or Company Name)

on this the 27 AUQUSt 2019 certify that | am a geotechnical engineer or engineering geologist or coastal
engineer as defined by the Geotechnical Risk Management Policy for Pittwater - 2009 and | am authorised by the above
organisation/company to issue this document and to certify that the organisation/company has a current professional indemnity policy of at
least $2million.

I:

Please mark appropriate box
have prepared the detailed Geotechnical Report referenced below in accordance with the Australia Geomechanics Society’s
Landslide Risk Management Guidelines (AGS 2007) and the Geotechnical Risk Management Policy for Pittwater - 2009

L] am willing to technically verify that the detailed Geotechnical Report referenced below has been prepared in accordance with the
Australian Geomechanics Society’s Landslide Risk Management Guidelines (AGS 2007) and the Geotechnical Risk Management
Policy for Pittwater - 2009

O have examined the site and the proposed development in detail and have carried out a risk assessment in accordance with
Section 6.0 of the Geotechnical Risk Management Policy for Pittwater - 2009. | confirm that the results of the risk assessment for
the proposed development are in compliance with the Geotechnical Risk Management Policy for Pittwater - 2009 and further
detailed geotechnical reporting is not required for the subject site.

O have examined the site and the proposed development/alteration in detail and | am of the opinion that the Development
Application only involves Minor Development/Alteration that does not require a Geotechnical Report or Risk Assessment and
hence my Report is in accordance with the Geotechnical Risk Management Policy for Pittwater - 2009 requirements.

O have examined the site and the proposed development/alteration is separate from and is not affected by a Geotechnical Hazard
and does not require a Geotechnical Report or Risk Assessment and hence my Report is in accordance with the Geotechnical
Risk Management Policy for Pittwater - 2009 requirements.

4 have provided the coastal process and coastal forces analysis for inclusion in the Geotechnical Report
Gce;quéEL%IaI-Report Details:

Report Title: Coastal Engineering Advice on 271 Whale Beach Road Whale Beach
Report Date27 August 2019

Author: Peter Horton
Author’'s Company/Organisation: Horton Coastal Engineering Pty Ltd

Documentation which relate to or are relied upon in report preparation:

See Section 2 and Section 11 of coastal report

1-am-aware- Hhat the -abeve-Geotechnical- Report - prepared-for-the -abovementioned - site- is {e-be-submitted- in- suppert-ef a-Bevelopment
Appticationfor-this site-and-will be-retied-on-by Pittwater-Couneil-as- the basis for ensuring that the Geotechnicat Risk-Management-aspects of
the- propesed-development-have been adeqguately -addressed {6 -achieve-an -Acceptable Risk-Managemeni-evelfor-the life of the-structure,
taken-as-at teast 400 years-untess -otherwise -stated -and-justified in-the- Report-and- that- reasenabte -and -practical-measures-have been

identified te-rermeve-foreseeable visk : . . .
Signature @&/ Hopdume weeeeens SeereVISeddeCIaratlon in Section 9 of report

Name .. 2eter HOMoN.
Chartered Professional Status....VIIEAUST. CPEngNER
Membership No. LAB2980.

Company...:. KWL L S E AR HUYMIEEIN I L,

P21 DCP Appendix 5 Page 20 Adopted: 21 September 2009
In Force From: 12 October 2009
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ASCENT

GEOTECHNICAL CONSULTING

General Notes About This Report

Introduction

These supporting notes have been prepared by Ascent Geotechnical Consultants (AGC) to assist our
clients interpret and understand the limitations of this report. Not all sections below are necessarily
relevant to this report.

Limitations

Geotechnical reports are based on information gained from limited sub-surface site testing and
sampling, supplemented by knowledge of local geology and experience. For this reason, they must
be regarded as interpretive rather than factual documents, limited to some extent by the scope of
the information on which they rely.

This report has been prepared for this specific project’s design proposal. This report should not be
relied upon for any other project or if the design proposal of this project changes without the prior
knowledge of AGC.

Subsurface Conditions

Subsurface conditions can change with time and can vary significantly between test locations and
over very short distances. That actual interface between the materials may be far more gradual or
abrupt than interpreted. Therefore, actual conditions in areas not tested may differ from those
predicted since no subsurface investigation, no matter how comprehensive, can reveal al
subsurface details and anomalies.

Groundwater

Groundwater levels indicated in our subsurface testing are recorded at specific times. The
groundwater levels recorded will depend on ground permeability, seepage and environmental
variations.

Site inspections

Ascent Geotechnical Consultants will always be please to provide engineering inspection services
for aspects of work relating to this report. This may range from standard foundation material
inspections for footings, to a full-time engineering presence on site or through one stage of the
development. Ascent Geotechnical Consultants are familiar with a variety of techniques and
approaches that can be used to help reduce risks for all parties to a project, from design to
construction.

Anomalies

If the ground or groundwater conditions onsite prove to differ from those described in this report
we would recommend that Ascent Geotechnical Consulting be contacted as a matter of priority. It
is far easier and less costly to address these issues if they are addressed early on in the project.



Foundation Maintenance

()

and Footing Performance: .
A Homeowner’s Guide e

Buildings can and often do move. This movement can be up, down, lateral or rotational. The fundamental cause
of movement in buildings can usually be related to one or more problems in the foundation soil. It isimportant for
the homeowner to identify the soil type in order to ascertain the measures that should be put in place in order to

ensure that problems in the foundation soil can be prevented, thus protecting against building movement.
This Building Technology File is designed to identify causes of soilrelated building movement, and to suggest

methods of prevention of resultant cracking in buildings.

The types of silsusually present under the topsoil in land zoned for
residential buiklings can be split into two approximate groups —
granular and clay. Quite often, foundation il is 2 mixture of both
types. The general problems associated with soils having granular
content are usaally caused by eroson. Clay soils are subject to
saturation and swell/shrink problems.

Classifications for a given area can generally be obtained by
application to the local authority, but these are sometimes unreliable
and if there is doubt, a geotechnical report should be commissioned.
As mogt buildings suffering movement problems are founded on clay
soils, there is an emphasis on dassification of soils according to the
amount of swell and shrinkage they experience with variations of
water content. T'he table below is Table 2.1 from AS 2870, the
Residential Slab and Footing Code.

%Ccuses of Movement

Settlement due to construction

There are two types of settlement that occur as 2 result of

construction:

* Immediate ettlement occurs when a building is first placed on its
foundation soil, as a result of compaction of the wil under the
weight of the structure. The cohesive quality of clay soil mitigates
against this, but granular (particularly sandy) soil is susceptible.

+ Consolidation ettlement is a feature of clay soil and may take
place because of the expulsion of moisture from the il or because
of the soil§ lack of resistance to local compressive or shear stresses.
This will usually take place during the fird few months after
construction, but has been known to take many years in
exceptional cases.

These problems are the province of the builder and should be taken

into consideration as part of the preparation of the site for construc-

tion. Buikling Technology Hle 19 (BTF 19) deals with thes
problems.

Erosion

All soils are prone Lo eroson, but sandy soil is particularly susceptible
to being washed away. Even clay with a sand compaonent of say 10%
or mare can uffer from erosion.

Saturation

Thisis particulady a problem in day soils. Saturtion creates a bog-
like suspensdon of the wil that canses it to lose virtually all of its
bearing capacity. To a leser degree, sand is affected by saturation
because saturated sand may undergo a reduction in volume —
particularly imported sand fill for bedding and blinding layers.
However, this usually occurs as immediate sttlement and should
normally be the provinee of the builder.

Seasonal swelling and shrinkage of soil

All clays react to the presence of water by slowly absorbing it, making
the soil increase in wolume (see table below). The degree of increase
varies considerably between different days, as does the degree of
decrease during the subsequent drying out caused by fair weather
periods. Because of the low absorption and expulson rate, this
phenomenon will not usually be noticeable unless there are
prolenged rainy or dry periods, usualy of weeks or months,
depending on the land and soil characterigtics.

The swelling of wil creates an upward force on the footings of the
building, and shrinkage creates subsidence that takes away the
support needed by the footing to retain equilibrium.

Shear failure

This phenomenon occurs when the foundation il does not have

sufficient strength to support the weight of the footing. There are

two mapr post-construction causes:

* Significant load increase.

* Reduction of lateral support of the soil under the footing due to
erosion or excavation.

* In day soil, shear failure can be caused by saturation of the soil
adjpoent to or under the footing.

GENERAL DEFINITIONS OF SITE CLASSES
Class Foundation
A Most sand and rock stes with littke or no ground movement from moisture changes
S Slightly reactive clay sites with only slight ground movement from moisture changes
M Moderately reactive clay or slt stes, which can experience moderate ground movement from moisture changes
H Highly reactive day stes, which can experience high ground movement from moisture changes
E Extremely reactive sites, which can experience extreme ground movement from moisture changes
AtoP Filled stes
P Sites which indude soft soils, such as soft clay or slt or loose sands; landslip; mine subsidence; collapsing soils; sils subject
to erosion; reactive Stes subject to abnomal moigure conditions or stes which cannot be dassified otherwise




Tree oot growth
Trees and shrubs that are allowed to grow in the vicinity of footings
can cause foundation soil movement in two ways

* Rootsthat grow under footings may increase in cross-sectional
size, exerting upward pressure on footings.

* Roatsin the vicinity of footings will ahsorb much of the maoisture
in the foundation wil, causng shrinkage or subsdence.

Unevenness of Movement

b

The types of ground movement described above usually occur
unevenly throughout the building’s foundation soil. Settkement due
to construction tends Lo be uneven because of:

* Differing compaction of foundation soil prior Lo construction.
+ Differing maisture content of foundation il prior to congruction.

Mowement due te nen-construction causes is usually more uneven
still. Eroson can undermine a footing that traverses the flow or can
create the conditions for shear failure by eroding soil adjacent to a
footing that runs in the same direction as the flow.

Saturation of day foundation il may occur where subfloor walls
create adam that makes water pond. It can also occur wherewer there
is a source of water near footings in day soil. This leads to a severe
reduction in the strength of the soil which may create local shear
failure.

Seasonal swelling and shrinkage of day soil affects the perimeter of
the building first, then gradually spreads to the interior. The swelling
process will ussally begin at the uphill extreme of the buikling, oron
the weather side where the land is flat. Swelling gradually reaches the
interior soil as absorption continues. Shrinkage usually beging where
the sunk heat is greatest.

Effects of Uneven Soil Movement on Structures

Erosion and saturation

Eroson removes the suppert from under footings, tending to create
subsidence of the part of the Sructure under which it occurs.
Brickwork walls will resist the stress created by this removal of
support by bridging the gap or cantilevering until the bricks or the
mortar bedding fail. Okder masonry has little resstance. Evidence of
failure varies according to drecumstances and symptoms may indude:

* Step cracking in the mortar beds in the body of the wall or
above/below openings such as doors or windows.

» \ertical cracking in the bricks (usually but not necessrily in line
with the vertical beds or perpends).

Islated piers affected by erosion or saturation of foundations will
ewventually lose contact with the bearers they support and may tilt or
fall over. The floors that hawe lost this support will become bouncy,
sometimes rattling ornaments ete.

Seasonal swelling/shrinkage in clay

Swelling foundation soil due to rainy periods fird lifts the most
exposed extremities of the footing sysem, then the remainder of the
perimeter footings while gradually permeating inside the buikling
footprint to lift intemal footings. This swelling first tends to create a
dish effect, because the extemal footings are pushed higher than the
internal ones.

The first noticeable symptom may be that the floor appears slightly
dished. This is often accompanied by some doors binding on the
floor or the door head, together with some cracking of comice
mitres. In buildings with timber flooring supported by bearers and
joists, the floor can be bouncy. Extemally there may be visible
dishing of the hip or ridge lines.

As the moisture absorption process completes its journey to the
innermod areas of the building, the internal footings will rise. If the
spread of moisture is roughly even, it may be that the symptoms will
temporarily disappear, but it is more likely that swelling will be
uneven, creating @ difference rather than a distppearance in
symptoms. In buildings with timber flooring supported by bearers
and pists, the isolated piers will risee more easily than the strip
footings or piers under walls, creating noticeable doming of flooring.

due 1o uneven
footing settlernent

As the weather pattem changes and the soil begins to dry out, the
external footings will be first affected, beginning with the locations
where the sun’s effect is strongest. This has the effedt of lowering the
external footings. The doming is accentuated and cracking reduces
or disappears where it occurred becanse of dishing, but other aracks
open up. The roof lines may become convex.

Doming and dishing are also affected by weather in other ways. In
areas where warm, wet summers and cooler dry winters prevail,
water migration tends to be toward the interior and doming will be
accentuated, whereas where summers are dry and winters are cold
and wet, migration tends to be toward the exterior and the
underlying propensty is toward dishing.

Movement caused by tree roots

In general, growing roots will exert an upward pressure on footings,
whereas soil subject to drying because of tree or shrub roots will tend
to remove support from under footings by inducing shrinkage.

Complications caused by the structure itself

Maost forces that the soil causes to be exerted on dructures are
vertical — i.e. either up or down. However, because these forces are
seldom spread evenly around the footings, and because the building
resig s uneven movemnent because of its rigidity, foroes are exerted
from one part of the buikling to another. The net result of all these
foroes is usually rotational. This resultant force often complicates the
diagnods because the visible symptoms do not simply reflect the
arigina cause. A commaon symptom is binding of doors on the
vertical member of the frame.

Effects on full masonry stroctures

Brickwork will resist aracking where it can. It will attempt to span
areas that lose suppert because of subsided foundations or raised
points. It is therefore usual to see cracking at weak points, such as
openings for windows or doors.

In the event of condruction settlement, cracking will usually remain
unchanged after the process of settlement has ceased .

With local shear or erosion, cracking will usually continue to develop
until the original cause has been remedied, or until the subsidence
has completely nentralised the affected portion of footing and the
gructure has stabilised on other footings that remain effective.

In the case of swall/shrink effects, the brickwork will in some cases
return Lo itsoriginal position after completion of a cyde, howewer it
ismore likely that the rotational effect will not be exactly reversed,
and it is also usual that brickwork will settle in its new position and
will resid the foroes trying o return it o its original postion. This
means that in a case where swelling takes place after construction
and cracking occurs, the cracking is likely Lo at least partly remain
after the shrink segment of the eyde is complete. Thus, each time
the ayele is repeated, the likelihood is that the aradking will become
wider until the sections of brickwork become virtually independent.

With repeated cycles, once the cracking is established, if there isno
other complication, it is normal for the inddence of cracking o
dabilis, asthe buikling has the articulation it needs Lo cope with
the problem. This is by no means always the case, however, and
manitoring of cracks in walls and floors should always be treated
weriously.

Upheaval caused by growth of tree roots under footingsis not a
ample vertical shear dress. There isa tendency for the oot to also
exert lateral forces that attempt to separate sections of brickwork
after initial cracking has occurred.



The normal structural arrangement is that the inner leaf of brick-
work in the external walls and at keast some of the internal walls
(depending on the roof type) comprise the load-bearing structure on
which any upper floors, ceilings and the roof are supported. In these
cases, it is intemally wisible cracking that should be the main focus
of attention, however there are a few examples of dwellings whose
external leaf of masonry plays some supporting role, so this should
be checked if there is any doubt. In any case, externally visible
cacking i important as a guide to stresses on the gructure generally,
and it should alse be remembered that the extemal walls must be
cpable of supporting themselwes.

Effects on framed structures

Timber or steel framed buildings are less likely to exhibit cracking
due to swell'shrink than masonry buiklings because of their
flexibility. Alse, the doming/dishing effects tend to be lower because
of the lighter weight of walls. The main risks to framed buildings are
encountered because of the isolated pier footings used under walls.
Where erosion or saturation cause 2 footing to fall away, this can
double the span which & wall must bridge. This additional stress can
create cracking in wall linings, particularly where there isa weak

peint in the smcture caused by a door or window opening. It is,
however, unlikely that framed structures will be so stressed as to suffer
serious damage without first exhibiting some or all of the abowe
symptoms for a considerable period. The same warning period should
apply in the case of upheaval. It should be noted, howewer, that where
framed buildings are supported by strip footings there is only one leaf
of brickwaork and therefare the externally visible walls are the
aupperting sructure for the buikling. In this case, the subfloor
masonry walls can be expected to behave as full brickwork walls.

Eifects on brick veneer structures

Because the load-bearing structure of a brick veneer building is the
frame that makes up the interior leaf of the extemal walls plus
perhaps the internal walls, depending on the type of mof, the
building can be expected to behave as a framed structure, except that
the external masonry will behawe in a dmilar way to the external leal
of a full masonry dructure.

w::ler Service and Drainage

Where a water ervice pipe, a sewer or Sormwater drainage pipeis in
the vicinity of a building, a water lesk can cause erosion, swelling or
stturation of susceptible soil. Even 2 minuscule leak can be enough
to stturate aclay foundation. A leaking tap near a building can have
the same effedt . In addition, trenches containing pipes can become
watercourses even though backfilled, particularly where broken
rubble is used as fill. Water that runs along these trenches can be
responsble for serious eroson, interstrata seepage into subfloor areas
and saturation.

Pipe leakage and trench water flows also encourage tree and shrub
roots to the source of water, complicating and exacerbating the
problem.

Poor roof plumbing can result in large volumes of rainwater being
concentrated in a small area of soil:

* Incorrect falls in roof guttering may result in overflows, as may
gutters blocked with leaves ete.

* Corroded guttering or downpipescan pill water to ground.

* Downpipes not postively connected to a proper sormwater
collection system will direct a concentration of water to soil that is
directly adjacent to footings, sometimes causing large-scalke
preblems such as eroson, saturation and migration of water under
the building.

ESeriousness of Cracking

In general, mod cracking found in masonry walls is a cosmetic
nuisance only and can be kept in repair or even ignored. The table
below is a reproduction of Table C1 of AS 2870.

AS 2870 also publishes figures relating to cracking in concrete floors,
however because wall eracking will usually reach the critical point
significantly earlier than cracking in slabs, this table is not
reproduced here.

:Prevention/Cure

Plumbing

Where buikling movement is caused by water service, roof plumbing,
sewer or sormwater failure, the remedy is to repair the problem.

It is prodent, however, to consder also rerouting pipes away from
the buikling where possible, and relocating taps to positions where
any leakage will not direct water to the building vicinity. Even where
gully traps are present, there is sometimes sufficient spill to create
erosion or saturation, particularly in modern ingallations using
smaller diameter PVC fixtures. Indeed, some gully traps are not
situated directly under the taps that are installed to charge them,
with the result that water from the tap may enter the backfilled
trench that houses the sewer piping. If the trench has been poorly
backfilled, the water will cither pond or flow along the bottom of
the trench. As these trenches usually run alongsde the footings and
can be at 2 smilar depth, it is not hard to see how any water that is
thus directed into a trench can easily affect the foundation’ ability to
support footings or even gain entry to the subfloor area

Ground drainage

In all soils there is the capacity for water to travel on the surface and
below it. Surfuce water flows can be established by inspection during
and after heavy or prolonged rain. If necessary, a grated drain system
connected Lo the stormwater collection sysem is usually an easy
solution.

It is, however, sometimes necessary when attempting to prevent
water migration that testing be carried out to establish watertable
height and subsoil water flows. This subject is referred to in BTF 19
and may properly be regarded asan area for an expert consultant.

Protection of the building perimeter

It is essential to remember that the soil that affects footings extends
well beyond the actual building line. Watering of garden plants,
shrubs and trees canses some of the most serious water problems.

Far this reason, particularly where problems exist or are likely to
oceur, it is recommended that an apron of paving be indalled
armound as much of the buikling perimeter as necessary. This paving

CLASSIFICATION OF DAMAGE WITH REFERENCE TO WALLS

Description of typical damage and required repair Approximate crack width Damage
limit (see Note 3) category

Hairline cracks <(.1 mm 0
Hne aracks which do not need repair <l mm 1
Cracks noticeable but easily filled. Doors and windows stick dightly <5 mm 2
Cracks can be repaired and possibly a small amount of wall will need 5-15 mm (or 2 number of cracks &
10 be replaced . Doors and windows dick. Service pipescan fracture. 3 mm or maore in ane group)
Weathertightness often impaired
Extensive repair work inwolving breaking-out and replacing sections of walls, 15-25 mm but als> depend 4
especially over doors and windows. Window and door frames distort. Walls lean on number of aracks
or bulge noticeably, some loss of bearing in beams. Service pipes disupted
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should extend outwards a minimum of %0 mm (more in highly
reactive soil) and should have a minimum fall away from the
building of 1:60. The finished paving should be no less than 100
mm below brick vent bases,

It is prudent to relocate drainage pipes away from this paving, if
possible, to avoid complications from future leakage. If this is not
practical , carthenware pipes should be replaced by PVC and
backfilling should be of the same soil type as the surrounding soil
and compacted to the same density.

Except in areas where freezing of water is an issue, it is wise to
remove taps in the building area and relocate them well away from
the building — preferably not uphill from it (see BTF 19).

It may be desirable to install a grated drain at the outside edge of the
paving on the uphill side of the building, If subsoil drainage is
needed this can be installed under the surface drain.

Condensation

In buildings with a subfloor void such as where bearers and joists
support flooring, insufficient ventilation creates ideal conditions for
condensation, particularly where there is litthe clearance between the
floor and the ground. Condensation adds to the moisture already
present in the subfloor and significantly slows the process of drying
out, Installation of an adequate subfloor ventilation system, either
natural or mechanical, is desirable.

Warning: Although this Building Technology File deals with
cracking in buildings, it should be said that subfloor moisture can
result in the development of other problems, notably:

* Water that is transmitted into masonry, metal or timber building
elements causes damage and/or decay to those elements.

* High subfloor humidity and moisture content create an ideal
environment for various pests, including termites and spiders.

* Where high moisture levels are transmitted to the flooring and
walls, an increase in the dust mite count can ensue within the
living areas. Dust mites, as well as dampness in general, can be a
health hazard to inhabitants, particularly those who are
abnormally susceptible to respiratory ailments.

The garden

The ideal vegetation layout is to have lawn or plants that require
only light watering immediately adjacent to the drainage or paving
edge, then more demanding plants, shrubs and trees spread out in
that order.

Owerwatering due to misuse of automatic watering systems is a
common cause of saturation and water migration under footings. If
it is necessary to use these systems, it is important to remove garden
beds to a completely safe distance from buildings.

Existing trees

Where a tree is causing a problem of soil drying or there is the
existence or threat of upheaval of footings, if the offending roots are
subsidiary and their removal will not significantly damage the tree,
they should be severed and a concrete or metal barrier placed
vertically in the soil to prevent future root growth in the direction of
the building. If it is not possible to remove the relevant roots
without damage to the tree, an application to remowe the tree should
be made to the local authority. A prudent plan is to transplant likely
offenders before they become a problem,

Information on trees, plants and shrubs

State departments overseeing agriculture can give information
regarding root patterns, volume of water needed and safe distance
from buildings of most species. Botanic gardens are also sources of
information. For information on plant roots and drains, see Building
Technology File 17.

Excavation

Excavation around footings must be properly engineered., Soil
supporting footings can only be safely excavated at an angle that
allows the soil under the footing to remain stable. This angle is
called the angle of repose (or friction) and varies significantly
between soil types and conditions. Removal of soil within the angle
of repose will cause subsidence,

Remediation

Where erosion has occurred that has washed away soil adjacent to
footings, soil of the same classification should be introduced and
compacted to the same density. Where footings have been
undermined, augmentation or other specialist work may be required,
Remediation of footings and foundations is generally the realm of a
specialist consultant.

Where isolated footings rise and fall because of swell/shrink effect,
the homeowner may be tempted to alleviate floor bounce by filling
the gap that has appeared between the bearer and the pier with
blocking, The danger here is that when the next swell segment of the
cycle occurs, the extra blocking will push the floor up into an
accentuated dome and may also cause local shear failure in the soil.
If it is necessary Lo use blocking, it should be by a pair of fine

wed ges and monitoring should be carried out fortnightly.

This BTF was prepared by John Lewer FAIB, MIAMA, Pariner,
Construction Diagnosis.

The information in this and other issues In the serles was derived from varlous sources and was believed 10 be carrect when published,

The information is advisory. It is provided in good faith and not

to be an exhaustive of the rel t subject.

Further professional advice needs 1o be oblained before taking any action based on the information provided.

Digtributed by
CSIRO PUBLISHING PO Box 1139, Collingwood 3066, Audralia

Freecall 1800 645 051

Tel (03) 9662 7666 Fax (03) 9662 7555 www.publish.csiro.au

Email: publishing.sales@csiro.au

© CSIR02003. Unauthorised copying of this Buikling Technology file is prohibited



EXAMPLES OF GOOD HILLSIDE PRACTICE

Surface water interception drainage

Watertight, adequately sited and founded
rool water storage lanks (with due regard for
impact of potential leakage)

Flexible structure

Roof water piped off site or stored

On-site detention tanks, watertight and
adequately founded. Potental leakage
managed by sub-soil drains

MANTLE OF SOIL AND ROCK

Vegelation relained FRAGMENTS (COLLUVIUM)

Pier footings into rock

Subsoil drainage may be

y required in slope

' Cutting and filling minimised in development

Sewage effluent pumped out or connected to sewer.
Tanks adequately founded and watertight. Potential
leakage managed by sub-soil drains

- Engineered retaining walls with both surface and

oy subsurface drainage (constructed before dwelling) ¢) AGS (2006)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock topples
and travels downslope

Vegetation removed —

Discharges of roofwater soak Steep unsupported
away rather than conducted off cut fails
site or t0 secure storage for re-use

Structure unable to tolerate P
settlement and cracks .

Poorly compacted fill settles
unevenly and cracks pool

Inadequate walling unable
10 support fill

Loose, saturated fill shdes
and possibly flows downslope

Inadequately supported cut fails |
Saturated

slope fails

Vegetation
removed

Dwelling not founded in bedrock

Mud flow

occurs W
‘/ . ‘/
A Absence of subsoil drainage within fill

{' :‘gé'é_ Ponded water enters slope and activates landslide ©) AGS (2006)
= Possible trave! downslope which impacts other develop hi sq,.m;;(;s(zoo-o).\ppmJ




PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007
APPENDIX C: LANDSLIDE RISK ASSESSMENT
QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY

QUALITATIVE MEASURES OF LIKELIHOOD

Approximate Annual Probability Implicd Indicative Landslide Descrintion Descrintor Level
Indicative Notional Recurrence Interval P P
Value Boundary
10" 5x1072 10 years The event is expected to occur over the design life. ALMOST CERTAIN A
2 X 20 years The event will probably occur under adverse conditions over the
10 100 years desion life LIKELY B
3 5x10° 200 years g — —
10 Sx10° 1000 years 2000 veare The event could occur under adverse conditions over the design life. | POSSIBLE C
X - :
10 10,000 years ;‘he ev;e_r;t might occur under very adverse circumstances over the UNLIKELY D
3 5x10% 20000 years (et ivable but only und tional circumst
10 100,000 years e event is conceivable but only under exceptional circumstances | o\ o E
5x10° 200.000 over the design life.
10°¢ 1,000,000 years * years The event is inconceivable or fanciful over the design life. BARELY CREDIBLE F
Note: (1) The table should be used from left to right; use Approximate Annual Probability or Description to assign Descriptor, not vice versa.
QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY
Approximate Cost of Damage
Indicative Notional Description Descriptor Level
Value Boundary
Structure(s) completely destroyed and/or large scale damage requiring major engineering works for
200% 100% stabilisation. Could cause at least one adjacent property major consequence damage. CATASTROPHIC 1
60% ° Extensive damage to most of structure, and/or extending beyond site boundaries requiring significant MAJOR 2
° 40% stabilisation works. Could cause at least one adjacent property medium consequence damage.
20% ° Moderate damage to some of structure, and/or significant part of site requiring large stabilisation works. MEDIUM 3
° 10% Could cause at least one adjacent property minor consequence damage.
5% 1% ’ Limited damage to part of structure, and/or part of site requiring some reinstatement stabilisation works. MINOR 4
Little damage. (Note for high probability event (Almost Certain), this category may be subdivided at a .
0,
0.5% notional boundary of 0.1%. See Risk Matrix.) INSIGNIFICANT 5
Notes: (2) The Approximate Cost of Damage is expressed as a percentage of market value, being the cost of the improved value of the unaffected property which includes the land plus the

(©)]

(O

unaffected structures.

The Approximate Cost is to be an estimate of the direct cost of the damage, such as the cost of reinstatement of the damaged portion of the property (land plus structures), stabilisation
works reguired to render the site to tolerable risk level for the landslide which has occurred and professional design fees, and consequential costs such as legal fees, temporary
accommodation. It does not include additional stabilisation works to address other landslides which may affect the property.

The table should be used from left to right; use Approximate Cost of Damage or Description to assign Descriptor, not vice versa




PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007
APPENDIX C: - QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY (CONTINUED)

QUALITATIVE RISK ANALYSIS MATRIX — LEVEL OF RISK TO PROPERTY

LIKELIHOOD CONSEQUENCES TO PROPERTY (With Indicative Approximate Cost of Damagc)
Indicative Value of 1: CATASTROPHIC 2: MAJOR 3: MEDIUM 4: MINOR
Approximate Annual 200% 60% 20% 5% INSIGN IFICANT
Probability 0.5%

A ALMOST CERTAIN 10" H Mor L (5)

B LIKELY 107 H M L

C POSSIBLE 107 H M M VL

D UNLIKELY 10* H L L VL

E RARE 10° M L I, VL VL

F BARELY CREDIBLE 10°¢ L VL VL VL VL

Notes: (5) For Cell AS, may be subdivided such that a consequence of less than 0.1% is Low Risk.
6) When considering a risk assessment it must be clearly stated whether it is for existing conditions or with risk control measures which may not be implemented at the current

time.
RISK LEVEL IMPLICATIONS
Risk Level Example Implications (7)
Unacceptable without treatment. Extensive detailed investigation and research, planning and implementation of treatment
options essential to reduce risk to Low; may be too expensive and not practical. Work likely to cost more than value of the
property.
H HIGH RISK Unacceptable without treatment. Detailed investigation, planning and implementation of treatment options required to reduce
risk to Low. Work would cost a substantial sum in relation to the value of the property.
May be tolerated in certain circumstances (subject to regulator’s approval) but requires investigation, planning and
M MODERATE RISK implementation of treatment options to reduce the risk to Low. Treatment options to reduce to Low risk should be
implemented as soon as practicable.
Usually acceptable to regulators. Where treatment has been required to reduce the risk to this level, ongoing maintenance is
= iV required
VL VERY LOW RISK Acceptable. Manage by normal slope maintenance procedures.

Note: (7) The implications for a particular situation are to be determined by all parties to the risk assessment and may depend on the nature of the property at risk; these are only
given as a general guide.




