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GEO-ENVIRONMENTAL
S0OLUTIONS

1 INTRODUCTION

Geo-Environmental Solutions Pty Ltd (GES) were engaged by Alex Muller on behalf of Rashik Shrestha
(the Client) to conduct a geotechnical investigation to assess retrospectively for landslip risk for some
alterations and additions at the existing dwelling undertaken previously. The site lays within the Glenorchy
Planning Scheme mapped 'Proclaimed — Landslip A area’ with a 'high’ risk for landslip.

PROJECT: 6 OFFICER ST,
ROSETTA, TAS 7010

GEO-ENVIRONMENTAL
SOLUTIONS

Figure 1- Location of the site at 6 Officer St, Rosetta (shown in blue)

The proposed development is located at cadastral title (CT 6601/65) located at 6 Officer Street in Rosetta
(The Site). GES are to undertake this retrospective geotechnical assessment relating to the alterations &
additions of the existing dwelling at the site which includes upgrades to the patio and installation of a
clothesline deck. The assessments are in conjunction with the requirements of the Landslide Hazard Code,
part of the Tasmanian Planning Scheme — Glenorchy 2025. GES have written this report with reference
to the Australian Geomechanics Guidelines (AGS 2007).

GES have undertaken this assessment using site observations and investigation, photographs and publicly
available datasets in the construction of this report. Estimations are determined by approximation with
regional information applied where appropriate to site specific information.

D t Set |B; .
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2 OBJECTIVES

The objective of the site investigation is to:

e |dentify the requirements of the Landslip Hazard Code;

e (Conduct a Landslip risk assessment of the proposed works with reference to the Australian
Geomechanics Society (AGS) Landslip Risk Management (2007) guidelines'.

e |dentify which planning scheme codes need to be addressed in terms of Landslip and identify the
relevant performance criteria relevant to the project which need addressing.

e Use bore hole drilling information, geological mapping and site inspections to determine site
physical conditions.

e Conduct a site risk assessment for the proposed development ensuring relevant performance
criteria are addressed.

e Where applicable, provide recommendations on remediation of any earthworks to ensure safe
slope management.

3 Site Details

3.1 Project Area Land Title
The land studied in this report is defined by the following title reference:

e (CT-06001/65

This parcel of land is referred to as the ‘Site’ and/or the ‘Project Area’ in this report.

3.2 Australian Building Code Board

This report presents a summary of the overall site risk to Landslip hazards. This assessment has been
conducted for the year 2070 which is representative of a 'normal’ 50-year building design life category
(since the buildings were constructed in 2020).

Per the Australian Building Code Board (ABCB 2015), when addressing building minimum design life:

'The design life of buildings should be taken as ‘Normal" for all building importance categories
unless otherwise stated.’

As per Table 3-1, the building design life is 50 years for a normal building.

D t Set IB; .
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Table 3-1 Design life of building and plumbing installations and their components

Building | Building Design life for Design life for Design life for
Design Design components or | components or | components or sub
Life Life sub systems sub systems systems not
Category (years) readily with moderate accessible or not
accessible and | ease of access economical to
economical to but difficult or replace or repair
replace or costly to replace (years)
repair (years) or repair (years)
Short 1=dl <15 | 5ordl (if di<5) dl dl
MNaormal 50 5 15 50
Long 100 or 10 25 100
more

Mote: Design Life (dl) in years

3.3 The Tasmanian Building Regulations 2016
Building in hazardous areas
As outlined in the Tasmanian Legislation website:

https://www.leqgislation.tas.gov.au/view/html/inforce/2024-06-27/act-2016-
025#GS4@Gs1@Nd2662015425510@EN

Hazardous areas include areas which are bushfire prone, comprise reactive soils or substances, or are
subject to coastal erosion, coastal flooding, riverine flooding, and landslip.

Division 5 - Landslip. Section 59. Landslip hazard areas

e For the purposes of the Act, land is a landslip hazard area if —
o thelandis shown on a planning scheme overlay map as being land that is within a landslip
hazard area; and
o theland is classified as land within a hazard band of a landslip hazard area.
e For the purposes of the definition of hazardous area in section 4(1) of the Act —
o classification under a landslip determination as being land that is within a hazard band of
a landslip hazard area is a prescribed attribute; and
o alandslip hazard area is a hazardous area.

3.4 Tasmanian Interim Planning Scheme Landslip Overlay — Glenorchy City Council

The site predominately lies within ‘High - Proclaimed landslip A" area overlay (Figure 2).

D t Set IB; .
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Figure 2 — Landslip Overlay at the Site (The List) with approximate location of proposed development

3.5 Site and Proposed Works

The project site is located in the southeast region of Tasmania, to the northwest of Hobart city centre.
Currently, the site has an existing dwelling with a land area of approximately 715 m?. The previous owner
of the site undertook some development works ca. 2020 which involved upgradation of outdoor patio,
and a small deck located in the northern and northwestern portion of the site.

Access to the site is through the existing driveway along the southwest via Officer Street.

Plans for the development have been provided to GES by the client which are presented in Figure 3
(refer DA drawings, '3.3.Pergola Engineering Plans & Forms.pdf’, dated 17/12/2019 and ‘4.Clothes Line
Deck Design Plan.pdf).

3.51 Development & Works Acceptable Solutions
Where applicable, the need for further performance criteria compliance is outlined in Appendix 1.
3.5.2 Landslip Hazard Code (LHC)

Given that the proposed dwelling is within the ‘High - Landslip A" Landslip Hazard Area and there are no
acceptable solutions for the proposed works, the Performance Criteria will need to be addressed.

3.5.3 Development Performance Criteria
The following performance criteria need to be addressed:
e (156.1P1

D t Set |1B; .
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Figure 3 - Site Plan showing proposed extent of patio works (left) and clothesline deck (right)
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GEO-ENVIRONMENTAL
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4 Site Mapping

4.1  Geological Mapping

Based on the MRT 1:25,000 Mineral Resources Tasmania (MRT) mapping of Southeast Tasmania, the site
geology comprises of the following geological unit (refer Figure 4):

e Map Unit—Tcbs: Poorly-sorted boulder to pebble grade deposits, clasts dominantly of Upper
Parmeener sandstone with locally derived clasts of dolerite and Lower Parmeener rocks in some
areas; clayey or sandy matrix (tertiary deposits).

GES A i

GEO-ENVIRONMENTAL o 150 300 m

1
5S50LUTIONS ¥ ' 1

Figure 4 — Mapped geology (source: LIST Mapping 1:250,000); site shown in blue outline

4.2 Site Geomorphology

The dwelling is positioned on northeast facing slope. The development occupies the area situated along
the northern and western portion of the site. Elevation on the site is approximately at 90 meters above
the Australian Height Datum (AHD) at the south east portion of the site and 84m AHD at the north east
portion of the site. The dwelling sits on gentle slopes, exhibiting gradients between 5 to 10 degrees with
a steep cut in excess of 30 degrees along the western boundary shared with 8 Officer St. To depict the
onsite slope angles, a slope gradient map was generated using QGIS software and 2013 Greater Hobart
LiDAR data (refer to Figure 5).

D t Set |1B; .
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Figure 5 - Slope model developed from Hobart Tm-2013 LiDAR data (borehole approx. locations in black)
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4.3 MRT Landslide Hazard Mapping
43.1 Landslide Inventory and Geomorphology

The MRT mapping shows the site to be located on an active earth translational slide (deep seated) with
coastal deep-seated slides to the north and south of the site. The head scarp of the Taroona landslide
is located approximately 200 m west of the site following the alignment of the Channel Highway. The
site itself is located on the southern flank of the landslide. (Figure 6). Table 3 presents a summary of
landslides, within similar geological and geomorphological settings to the site.

Hobart - Landslide Inventory and
Geomorphology

- = Smmstmgn

e S e et
W= ap ke e

P o 1 S et gy o T

A

0 75 150 m
L S—

GES

GEO-ENVIRONMENTAL
SOLUTIONS

Figure 6 — Hobart landslide inventory map (Mazengarb 2004) overlay within the site (layout shown in

blue)
Table 1- Mineral Resources Tasmania Landslide Inventory Points
ID Location Feature Type Classification Activity State Geological setting Ins%?;gon
Tertiary sediments
accumulated along fault
Discrete Recent or scarps and composed of
2745 4 Officer Street, Rosetta ] Soil Slide Active since cobles and boulders of Field Visit (P)
Landslide : o )
2003 Permian, Triassic and Jurassic
age rock in a matrix of clay,
silt, sand and gravel.
Tertiary deposits over Permian
and Triassic sediments and
' ‘ ‘ Recent or Juras;ic dolgrite. NNW—
853 Hone Road and Officer Discrete Debris Active. circa trending major fault with MRT Report
St, Rosetta Landslide Rotational Slide : other more complex faulting P
1986 } )
both causing high fracture
density and brecciated
bedrock.
Next to Cascades fault, below
Marys Hope Road. Discrete - Recent or Permian and Triassic near ) -
1631 v Rosaftta Landslide Soil Slide Active horizontal contact, colluvial Field Visit (P)
overburden

D t Set |B; .
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43.2 Shallow Slide and Flow Susceptibility

No shallow slide and flow run-out hazard has been identified below the site (Figure 7).

GES

GEO-ENVIRONMENTAL
SOLUTIONS

Figure 7 — Hobart shallow slide and flow susceptibility map (Mazengarb 2004) with overlay of proposed
development (in green) within the site (layout shown in red)

43.3 Deep Seated Landslide Susceptibility

Deep seated slope instability has been identified based on the underlying geology and the slope angles
in and around the vicinity of the site (refer Figure 7). The development area on site has been classified
by MRT as 'Area above threshold (B)’, which is based on a threshold angle of 10° for Tertiary Sediments
(based on tertiary sediments encountered at Rosetta).

Di S : .
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Figure 8 — Hobart deep seated landslide susceptibility map (Mazengarb 2004) with overlay of proposed
development (in green) within the site (layout shown in red)

4.4 Field Investigation, Site Observation & Previous Investigations
441  Previous Reports

The Rosetta Landslide Complex has been well documented through reports and recent investigations
carried out across the site. The landslide has resulted in extensive property damage throughout the
area, dating back as early as 1989. Monitoring of the Rosetta site has been ongoing since 1990 with
Casuarina monitoring since 2015. The greatest landslide movement has been recorded towards the
edges of the landslide, where the slip plane is relatively shallow.

Landslide quarterly report published in August 2024 (Abbot M, 2024) indicate that between 2014 and
2024, there appears to be a long-term trend of settlement or minor downward movement in the order
of 15-20mm with little lateral movements. It has been noted that no significant mass-movement of the
landslide was inferred based on the quarterly review of monitoring points with local movement
appearing to have stabilised in the points near the site since 2018.

442 Field Investigation - 2025

A site visit was undertaken on 5" of July wherein three bore holes were completed to identify the
distribution and variation of the soil materials at the site. Due to access constraints, boreholes were
drilled via hand augering methodology at BHO1 and BHO2 locations and via ute mounted GeoProbe rig
at BHO3 location accessed via adjacent lot at 4 Officer St. Table 2 provides a summary of the ground
conditions encountered in BHO1 to BHO3 (refer Figure 5 for approx. locations).

D t Set |1B; .
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Table 2 Site Soil Bore Logs

Project Address: 6 Officer St, Rosetta

*
BHOT BHO2 BHO3
USCS Description
Depth (m) Depth (m) Depth
(m)
0.0-0.3 0.0-02 SM TOPSOIL - Silty SAND with gravels: brown, slightly moist, loose. (refusal
in BHO2)
03-07 iYe Clayey SAND: pale brown/grey, slightly moist, very dense; clay, low
plasticity.
0.0-0.8 c FILL - Gravelly CLAY: medium plasticity, brown-grey, w<PL, stiff.
08-12 cl Sandy CLAY with gravel: medium plasticity, brown, w<PL, stiff. (refusal
on assumed rock in BHO3)

*Has not been used for site classification as it is located at 4 Officer St, Rosetta.
443 Site Classification

The site has been classified as Class P (Ys range of 40-60mm) due to the site being located on a high
landslip area. The natural clay soils on soil present moderate reactivity characteristics and are likely to
exhibit ground surface movement with an indicative (Y's) range of 40-60mm.

5 Landslip Hazard Analysis

5.1 Landslip Characteristics

Based on the slope characteristics including site geology, slope geometry and slope angles, MRT
Landslip mapping/inventory and site observations, the following scenarios have been identified as
potential slope failure mechanisms for the site (Figure 9):
e Scenario 1 - Shallow translational slide failure within shallow residual soils in cuttings above the
retaining wall (<1.0m high) separating the pergola area from the deck area.
e Scenario 2 — Shallow translational slide within natural soils and fill materials caused by loading of
natural soil slopes below the retaining wall
e Scenario 3 — Re-activation of part, or all of the assumed fossil landslide on which the property
exists due to construction of pergola and deck on site.

Scenario 1

Scenario 2

Scenario 3

Figure 9 - Conceptual Cross Section of Slope Failure Mechanism relevant to the site (Not to scale)

D t Set IB; .
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5.2

Frequency Analysis

Project Address: 6 Officer St, Rosetta

Table 3 presents the frequency analysis for the identified slope failure mechanisms. Terminology used
is in accordance with the Australian Geomechanics Society (AGS) guidelines for Landslip risk

management (2007a,b,c,d).

Table 3 Frequency analysis for Landslip hazards Scenario 1

D t Set IB; .
Vorsiomt. veraet B anmeptal Solutions Pty Ltd

) Failure . Observed Potential Potential Water Current Treated
Scenario ) Unit Affected | . . o
Mechanism in the field Size Speed Content Likelihood | Likelihood
Shallow .
translational or Existing Small to
Scenario 1 ) ) <1.0m cut No ) slow Moist Possible Unlikely
rotational slide — medium
near the deck
cut
Shallow
. translational or Existing fill Small to Slow to ) ) )
: N ) ) Moist Possibl Unlikel
Scenario 2 rotational slide - | near the deck © medium rapid or ossIbie nikely
fill
Re-activation of
part, or all of the | Deep Tertiary
assumed fossil deposits Slow
landslide on derived from Yes — (based on
. which the Triassic currently August :
i ) i |
Scenario 3 property exists sedimentary active Large 2024 Wet Uniikely Rare
due to rocks and/or landslide quarterly
construction of Jurassic report)
pergola and deck Dolerite
on site.
16




5.3 Risk Analysis

531

Risk to Property

Project Address: 6 Officer St, Rosetta

There is currently a moderate risk to property assuming no risk management is carried out. Treated risk may be reduced to low (Table 4).

Table 4 Conseguence analysis for Landslip hazards — Property

Current Risks Treated Risks
ST Bl Likelihood of | Consequence Level of risk to T f151< e e Egemert Level of risk to
occurrence to property property property
Shallow ) . . ! -, .
. e All cut slopes to be retained using suitably engineered retaining walls with proper
Scenario 1 tran;la‘uongl or Possible Minor Moderate drainage to capture stormwater and divert away from the site slopes. Low
rotational slide — : )
ut e Any cuts to not exceed 1.0m in height
Shallow e Depth of fill material placed should not exceed 0.3m in height above existing ground
Scenario 2 translational or Possible Minor Moderate surface and adequately compacted in accordance with AS 3798-2007. Low
rotational slide - fill e Fill batter angles should not exceed 1V:2H.
Pergola Upgradation
e The older pergola that was on the property was considered unsafe due to improper
structural bracing and utilised portion of the fence for support with poor drainage.
e  Anupgraded pergola has been understood to have been constructed in 2020 which
has not been anticipated to impart any additional loading on the ground and all the
rainwater collected is discharged into the gutter of the existing dwelling connected to
the property’s stormwater system.
Re-activation of e The upgraded pergola has been built in accordance with relevant Australian Standards
part, or all of the and includes Form 35 and Form 55.
assumed fossil '  New Deck
Scenario3 | \2ndslide onwhich Unlikely Medium Low Constrution of Hew Dec Low
the property eX|§ts e Adeck was constructed in 2020, designed to provide safe and easy access to the
due to construction clothesline area. The deck measures 1800mm wide x 2150mm long x 710mm high off
of pergola 'and the ground.
deck on site. e Since the deck structure has a total floor area of less than 20 square metres and is not
more than one storey high, as per the Director’s Determination — Landslip Hazard
Areas, it is considered as an ‘insubstantial building’. Such a building is permitted to be
erected in a 'high’ landslip area.
e Thedeck structure is anchored along one of its long sides to the existing dwelling,
thereby limiting the extent of its load distribution. The isolated pad footing on site has
been evaluated to exert a bearing pressure of up to 10kPa, which is considered
insufficient to trigger any deep-seated landslip within the area.

Verson 1, Veidoh DAL aHRTAk Solutions Py Lid

17




Project Address: 6 Officer St, Rosetta

5.31 Risk to Life

Risk to life is considered acceptable following the recommended hazard treatment in Table 4 given
the likelihood and consequence of a shallow slide failures within the soils and or fill, or within cutting

(Table 5).

Table 5 Conseguence analysis for Landslip hazards 1— 2 — Life — Post Treatment

Hazard Scenario 1 Scenario 2 Scenario 3
Re-activation of part, or all of
) ) the assumed fossil landslide on
Shallow translational or Shallow translational or . )
Factor ) . . ) ) which the property exists due
rotational slide — cut rotational slide - fill :
to construction of pergola and
deck on site.
Likelihood Possible Possible Unlikely
Indicative Annual Probability 0.001 0.001 0.0001

Use of Affected Damage to cutting in the Damage to fill near the deck )
Entire development

Structure/Site backyard side of the yard
Probability of Spatial Impact Minor dam_aggsantmpated Minor dam_aggSant\opated Major dama_g? anticipated
) . Estimated 12 hours a day. Estimated 12 hours a day. Estimated 12 hours a day.
Proportion of Time - 05 - 05 - 05

Soils around the site exhibit

Probability of Not Evacuating

Soils around the site exhibit
signs of stress (cracking)
allowing time to evacuate.

Soils around the site exhibit
signs of stress (cracking)
allowing time to evacuate.

signs of stress (cracking)
allowing time to evacuate.

=01 =01 =01
Vulnerability Building unlikely to collapse Building unlikely to collapse Building unlikely to collapse
=01 =01 =01
Risk for Person Most at Risk 2.5%x107 2.5x107 5x107
Risk Evaluation Tolerable Tolerable Tolerable

5.3.2 Societal Risk

The Societal Risk Graph plot presented in Figure 10. showing the estimated individual risks for
scenarios 1, 2 and 3 as presented in Figure 10 (outlined in the AGS ‘Landslide Risk Management
Concepts and Guidelines’, 2000). The risks are estimated based on people in the structure spending
up to 12 hours per day in internal areas the property.
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Figure 10 Societal Risk Graph of Probability of Fatalities vs Number of Fatalities (ANCOLD 1998)

Document Set ID: 35006883 . .
Version: 1, Versio @thgm//b’ﬂfﬁf@ﬂw Solutions Pty Ltd 19



Project Address: 6 Officer St, Rosetta

6 Conclusions and Recommendations

Based on the outcome of the review of geotechnical information, slope stability and hazard analysis

and risk assessment, the following conclusions and recommendations are made:

The site is located within a "High; proclaimed — landslip A area’ hazard band;

The older pergola that was on the property was considered unsafe due to improper
structural bracing and utilised portion of the fence for support with poor drainage.

An upgraded pergola has been understood to have been constructed in 2020 which has
not been anticipated to impart any additional loading on the ground and all the rainwater
collected is discharged into the gutter of the existing dwelling connected to the property’s
stormwater system.

The upgraded pergola has been built in accordance with relevant Australian Standards and
includes Form 35 and Form 55.

A deck was constructed in 2020, designed to provide safe and easy access to the clothesline
area. The deck measures 1800mm wide x 2150mm long x 710mm high off the ground.
Since the deck structure has a total floor area of less than 20 square metres and is not more
than one storey high, as per the Director’s Determination - Landslip Hazard Areas, it is
considered as an ‘insubstantial building’. Such a building is permitted to be erected in a
'high” landslip area.

The deck structure is anchored along one of its long sides to the existing dwelling, thereby
limiting the extent of its load distribution. The isolated pad footing on site has been
evaluated to exert a bearing pressure of up to 10kPa, which is considered insufficient to
trigger any deep-seated landslip within the area.

All cut slopes to be retained using suitably engineered retaining walls with proper drainage
to capture stormwater and divert away from the site slopes.

Any cuts to not exceed 1.0m in height

Depth of fill material placed should not exceed 0.3m in height above existing ground
surface and adequately compacted in accordance with AS 3798-2007.

Fill batter angles should not exceed 1V:2H.

With the implementation of all above recommendations the proposed works satisfies the

performance criteria and is considered as it represents a tolerable risk for the life of the use and

development with Code (C15.6.1) as per Glenorchy City Council Planning Scheme.

GES should be contacted immediately should conditions greatly differ to that which are stated in
this report.
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7 LIMITATIONS STATEMENT

This Assessment Report has been prepared in accordance with the scope of services between Geo-
Environmental Solutions Pty. Ltd. (GES) and ‘the Client’. To the best of GES's knowledge, the
information presented herein represents the Client's requirements at the time of printing of the
Report. However, the passage of time, manifestation of latent conditions or impacts of future
events may result in findings differing from that discussed in this Report. In preparing this Report,
GES has relied upon data, surveys, analyses, designs, plans and other information provided by
the Client and other individuals and organisations referenced herein. Except as otherwise stated
in this Report, GES has not verified the accuracy or completeness of such data, surveys,
analyses, designs, plans and other information.
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Landslip Code Areas

C15.6.1 Building and works within a landslip hazard area
Objective:
That building and works on land within a landslip hazard area can:

(a) minimise the likelihood of tri

ing a landslip event; and

(b) achieve and maintain a tolerable risk from a landsfip.

Acceptable Solutions
Al

No Acceptable Solution.

Performance Criteria
PlL1

Building and works within a landslip hazard area must minimise the likelihood of triggering a landslip
event and achieve and maintain a tolerable risk from landslip, having regard to:

(a) the type, form, scale and ded d of the devel

(b) whether any increase in the level of risk from a landslip requires any specific hazard reduction or
protection measures;

(c) any advice from a State authority, regulated entity or a council; and
(d) the advice contained in a landslip hazard report.

P1.2

A landstip hazard report also that the buildings and works do not cause or contribute to
landslip on the site, on adjacent land or public infrastructure.

PL3
If landslip reduction or protection measures are required beyond the boundary of the site the consent in

writing of the cwner of that land must be provided for that land to be managed in accerdance with the
specific hazard reduction or protection measures,

Document_Set ID: 3500883 .
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SOLUTIONS

APPENDIX 2 — Qualitative Risk Assessment Tables

Likelihood & Consequence Index

QUALITATIVE MEASURES OF LIKELIHOOD

Approximate Annual Probability o g i gl
Indicative L Description Descriptor Level
Indicarive Naotional Recurrence Interval eRETIEm AT e
Value Boundary
107 5x102 10 years The event 1s expected to occur over the design hife. AILMOST CERTAIN A
= 20 years e - - 2=
102 100 years The event will probably occur under adverse conditions over the LIKELY B
) 5x10° 200 years | desipn life
10° " 1000 vears ,006 veurE The event could occur under adverse conditions over the design life. | POSSIBLE L
5x10° < : ; 2
10-1 10,000 years Thz event might occur under very adverse circumstances over the UNLIKELY D
v sx10° 20.000 years  |-Scsugm life
10~ e - The event is concervable but only under exceptional circumstances
100.000 years 2 ife . RARE E
5x10° 200,000 vears over the design life.
10'5 1,000,000 years Ty The event is inconceivable or fanciful over the design life BARELY CREDIELE F
Note: (1) The table should be used from left to nght; use Approxi Annual Probability or Description to assign Descniptor, not vice versa
QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY
Approximate Cost of Damage
— — Description Descriptor Level
Indicative Naotional
Value Boundary
200% :mt\:"rure(sj completely destroyed and/or large scale damage requinng major e-ng,mer_-nng works for CATASTROPHIC 1
100% Could cause at least one adjacent property major ¢ | e
" - Extensive damage to most of structure, and/or extending bevond site boundaries requinng sigmficant
60% i L p MAJOR 2
40% works. Could cause at least one adjacent property © q o
x % Moderate damage to some of structure, and/or significant part of site requinng large st.u'blhsatlon works
20% MEDIUM 3
10% Could cause at least one adjacent property minor consequence damage
5% 1% Linuted damage to part of structure, and/or part of site req g some bl waorks. MINOR 4
Little damage. (Note for high probability event (Almost Certain). this category may be subdivided ata e = s
0,
0.3% notional boundary of 0.1%.See Risk Matrix ) i i :
Notes: (2) The Approximate Cost of Damage 15 expressed as a percentage of market value, being the cost of the improved value of the unaffected property which includes the land plus the
unaffected structures.

(3 The Approximate Cost 15 to be an estimate of the direct cost of the damage. such as the cost of remnstatement of the damaged portion of the property (land plus structures), stabilisation
warks required to render the site to tolerable rsk level for the landshde wiuch has occurred and professional design fees, and consequential costs such as legal fees. temporary
accommodanon. It does not include additional stabilisation works 1o address other landshdes which may affect the property.

(€3] The table should be used from left to right: use Approximate Cost of Damage or Description to assign Deseriptor. not vice versa

Qualitative Risk Matrix

QUALITATIVE RISK ANALYSIS MATRIX - LEVEL OF RISK TO PROPERTY

LIKELIHOOD CONSEQUENCES TO PROPERTY (With Indicative Approximate Cost of Dnmage}
Indicative Value of 1: CATASTROPHIC 1: MAJOR 3: MEDIUM 4: MINOR
Approximate Annual 200% 60% 20% 5% I_\SIG\II"I( ANT
Probahility 0.5%
A - ALMOST CERTAIN 10t H MorL (3)
B - LIKELY 107 H M L
C - POSSIBLE 107 M M VL
D - UNLIKELY 10t H M L L VL
E - RARE 10° M L L VL VL
F - BARELY CREDIBLE 0% o VL VL VL VL
Notes:  (3) For Cell A5, may be subdivided such that a consequence of less than 0.1% 15 Low Risk.
(6) When considering a risk assessment 1t must be clearly stated whether it 1s for existing conditions or with nisk control measures which may not be implemented at the current
time
RISK LEVEL IMPLICATIONS
Risk Level Example Implications (7)
Unacceptable without treatment. Extensive detailed mvestgation and research. planning and mpl 10n of tr
options essential to reduce risk o Low; may be oo expensive and not practical Work likely 1o cost more than value of the
property.
5 Unacceptable without treatment. Detailed investigati lanning and impl 1on of options required to reduce
H e nisk to Low. Work would cost a substantial sum m I:Ianm to th: value ofw
May be tolerated i certam cire es (subject o lator's approval) but req 1 and
M MODERATE RISK lmpleme-nraum of reatment options to reduce the nsk to Low. Treatment options to reduce 1o Low nsk should be
1 d as soon as practicable_
L LOW RISK Usuall)r acceptable to regul . Where has been required to reduce the risk to this level. ongoing maintenance is
required
VL VERY LOW RISK Acceptable. Manage by normal slope mamtenance procedures,
Nate: (7) The imphcations for a pameular s1 are to be d med by all parties to the nsk assessment and may depend on the nature of the property at nisk: these are only
given as a general guide.
DocumerfoSé thyBsnosegIental Solutions Pty Ltd 24
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Performance Criteria C15.6.1

Managed (treated) Risk Assessment

That building and works on land within a landslip hazard area can: Further
Relevance Management Options Assessment
(@) minimise the likelihood of triggering a landslip event; and Consequence Likelihood Risk Required
(b) achieve and maintain a tolerable risk from a landslip
P11
Building and works within a landslip hazard area must minimise the likelihood of
triggering a landslip event and achieve and maintain a tolerable risk from
landslip, having regard to:
(a) the type, form, scale and intended duration of the development; Achieve and maintain a Refer to recommendations Minor Unlikely Low No
tolerable risk
(b) whether any increase in the level of risk from a landslip requires any
specific hazard reduction or protection measures;
(@) any advice from a State authority, regulated entity or a council; and
(d) the advice contained in a landslip hazard report.
P1.2
W )
A landslip hazard report also demonstrates that the buildings and works do not orks ngt kely to Cauge
. ) . ) | or contribute to landslip ) : )
cause or contribute to landslip on the site, on adjacent land or public ) ) Refer to recommendations Minor Unlikely Low No
. on site, or adjacent land
infrastructure. -
or public infrastructure
P1.3
No reduction or
If landslip reduction or protection measures are required beyond the boundary | protection required ) _
Refer to recommendations Minor Rare Low No

of the site the consent in writing of the owner of that land must be provided for
that land to be managed in accordance with the specific hazard reduction or
protection measures.

beyond the site
boundary.
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APPENDIX 3 - Australian Geomechanics Society (AGS) Landslip Risk

AUSTRALIAN GEOGUIDE LR& (CONSTRUCTION PRACTICE)
[RILLSIDE CONSH AR CRACTIEE 1

Sensible development practices are required when building on hillsides, paricularly if the hillside has more than a low
risk of instability (GeoGuide LRY). Only building techniques intemnded to maintain, or reduce, the overall level of landslide
risk should be considered. Examples of good hillside construction practice are illusirated below.

EXAMPLES OF GOOD HILLSIDE CONSTRUCTION PRACTICE

Surface waker interceglion drainage

Waberight. adeguately sitad and Tounded rool water sborags
tanks [with due regard for Impact of potential leakaga)

Flaxinle siructure
Rool waler pipad off sile or siored

Cw-sibe dtention tanks, wirlerlight and adegquastely
founded. Polenfial leakage managed by sub-soil
draing

Visgetalion retaied
wiE
L —Phar foodings inlo rock
— Subsoil drainage may be
raquined in shaps
Cistting and filling minmised in developmen

Sewape afluant pumped ol or connectad 1o sewer,
Tanks adequataly founded and watertight, Pelential
bricais maaged by sub.sol drsrs

- Engineered retaining walls with both surface and
subsuriaca drainage (construcied bafara dwelling)
E T BOB (0T
- S0 a0 AGS (2000) Append J

WHY ARE THESE PRACTICES GOOD?

Roadways and parking areas - are paved and incorporate kerbs which prevent water discharging siraight into the
hillside {GeoGuide LRE).

Cuttings - are supported by retaining walls {GecGuide LRE)L

Retaining walls - are engineer designed to withstand the lateral sarth pressures and surcharges expected, and includs
drains to prevent water pressures developing in the backfill. Where the ground slopes stesply down towards the high
side of a retaining wall, the disturbing force (see GeoGuide LRE) can be two or more times that in lewel groumd.
Retaining walls must be designed taking these forces into account.

Sewage - whether freated or not is either taken away in pipes or contained in propery founded tanks so it cannot soak
imto the ground.

Surface water - from rocfs and other hard surfaces is piped away to a suitable discharge point rather than being allowed
to infiltrate into the ground. Preferably, the discharge point will be in a natural creek where ground water esdts, rather
than enters, the ground. Shallow, lined, drains on the surface can fulfil the same purpose (GeoSuide LRE)L

Surface loads - are minimised. Mo fill embankments have been built The house is a lightweight structure.  Foundation
loads have been taken down below the level at which a landslide is likely fo ocour and, preferably, to rock. This sort of
construcSon is probably not applicable to soil slopes (GeoGuide LR3).  If you are uncertain whether your site has rock
near the surface, or is essentially a soil slope, you should engage a geotechnical practitioner to find out

Flexible structures - have been used because they can tolerate a ceriain amount of movernent with minimal signs of
distress and maintain their functicnality.

Vegetation clearance - on soill slopes has besn kept to 3 reasonable minimum. Trees, and o 3 lesser extant smaller
vegetation, take large quantities of water out of the ground every day. This lowers the ground water table, which in tum
helps to maintain the stability of the slope. Large scale clearng can result in a rise in water table with a consequent
increase in the likelihood of a landslide {GeoGuide LRS). An exception may have to be made to this rule on steep rock
slopes whers trees have litie effect on the water table, but their roots pose a landslide hazard by dislodging boulders.
Passible effects of ignonng good construction practices are illustrated on page 2. Unfortunately, these poor construction
practices are not a5 unusual as you might think and are often chosen because, on the face of it, they will save the
developer, or owner, money. You should not lose sight of the fact that the cost and anguish associated with any ocne of
the disasters illustrated, is likely to more than wipe out any apparent savings at the outset

ADOPT GOOD PRACTICE ON HILLSIDE SITES

174 Awustralian Geomechanics Vol 42 Mo 1 March 2007
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AUSTRALIAN GEOGUIDE LR8 (CONSTRUCTION PRACTICE)
EXAMPLES OF POOR HILLSIDE CONSTRUCTION PRACTICE

Unstabifised mck topples and ravels downslope

Vagatation removed
Stivep unaupported cut fails

Dischuages of roobeedis soak away ralber (han
eonduched offsdle of o sRcure aloraps of re-use

Structurg unable ko ioberalo - ™ T,
setliament ard cracks - A |
=

Pomy compacted fill salties

unevanly and cracks pool B " pui|
.I."' -
Inadaquate walling unable L =
1o support fill o =t |
Inadaquatly i Ll - .- =
supporied cul fails N HE i L ! 1 Roofwater miraduced
intc 3lopa
Saturated |
elopn Fils £ Dwalling net founded in
iegetation i ) bedmck
removed — BERGCK TN i
- Lo Absence of subsoil drainage
LEIT | : J within fill
GOOWS bt
il Loose, salurated fill slides and
E e pessitly fows downsliops
E’ﬁ; Ponded waker snbars slope and activatas landslida i
Passile tvel downsiope which impacts athar development downhill o sy A3 KT A’

WHY ARE THESE PRACTICES POORY

Roadways and parking areas - are unsurfaced and lack proper table drains (guiters) causing surface water to pond and
soak into the ground.

Cut and fill - has been usad to balance earthworks quaniities and level the site leaving unstable cut faces and added
large surface loads to the ground. Failure to compact the fill property has led to setflement, which will probably continue
for several years after completion. The houss and pool have been built on the fill and have settled with & and cracked.
Leakage from the cracked pool and the applied surface loads from the fill have combined to cause landslides.

Retaining walls - have been avoided, to minimise cost, and hand placed rock walls used instead. Without applying
enginesnng design principles, the walls have failed to provide the reguired support to the ground and have failed,
creating a very dangerous situation.

A heavy, rigid, house - has been built on shallow, conventional, footings. Not only has the brickwork cracked because
of the resulting ground movements, but it has atso become involved in @ man-made landaide.

Soak-away drainage - has been used for sewage and surface water run-off from roofs and pavements. This water
goaks into the ground and raises the water table (GeoGuide LRS). Subsoil drains that run along the contours should be
avoided for the same reason. If felt necessary, subsoil drains should run steeply downhill in a chevron, or herming bone,
pattern. This may conflict with the reguirements for effluent and surface water dizposal (GeoGuide LR9) and if =0, you
will need to seck professional advice.

Rock debris - from landslides higher up on the slope seems likely to pass through the site. Such locations are often
referred to by geotechnical praciitoners as "debris flow paths”. Rock iz nomally even denser than ordinary fili, so even
quite modest boulders are likely to weigh many fonnes and do a lot of damage cnce they start to moll.  Boulders have
been known fo travel hundreds of melres downhill leaving behind a trail of destruction.

Vegetation - has been completely cleared, leading to a possible nse in the water talde and increased landslide nsk
{GeoaGuide LRS).
DON'T CUT CORNERS ON HILLSIDE SITES - OBTAIN ADVICE FROM A GEOTECHNICAL PRACTITIONER

More information relevant to your particular situation may be found in other Australian GeoGuides:

»  GeoGuide LR1 - Introduction » GeoGuide LRG - Retaming Walls

+ GeoGuide LRZ - Landskides + GeoGuide LRT - Landslide Risk

= GeoGuide LR3I - Landsides in Saoil » GeoGuide LR - Effiuent & Surface W ater Disposal
» GeoGuide LR4 - Landsbdes m Rock GeoGuide LR10 - Coastal Landslides

+  GeoGuide LRS - Water & Drainage «  GeoBuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publicatons intended for property owners; local councils; planning authonties;
developers; mswrers; lawyers and, in fact, anyone who fives with, or has an mterest in, a natural or engineered slope, 3 cutting. or an
excavabon. They are intended to belp you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local councd approval (f required) to remowe, reduce, or minimise the risk they represent. The
GeoGuides have been prepared by the Australian Gegmechanics Society. 3 specialist technical society within Enginesrs Austraiia, the
national peak body for all enginesring discipiines in Australia, whose members are professional geotechnical engineers and enginesning
geologists with a particular interest in ground engineering. The GeoGuides hawve been funded wnder the Australian govermments
Wational Disaster Mitigation Program.

Austrafian Geomechanics Vol 42 No 1 March 2007 175
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE
GEOTECHNICAL Obtamn advice from a qualified, expenenced geotechmical practihoner at early | Prepare detailed plan and start site works before
ASSESSMENT stage of plannmg and before site works. geotechmcal adwice.
PLANNING
SITE PLANNING Hmm obtaned geotechnical advice. plan the development with the nsk | Plan development without regard for the Risk.
msmgﬁmnu:eldmuﬁedhamdsandcumeqmmﬁmmd
DESIGN AND CONSTRUCTION -
Use flexible structures which mcorporate properly designed brickwork, timber | Floor plans which require extensive cutting and
' or steel frames, timber or 1 cladding. ing.
EOCRe DEsSoN Consider use of <plit 1e«-ell:mle = Movement intolerant structures.
Use decks for recr 1 areas where appropnate.
SITE CLEARING Retain natwral vegetation wherever practicable Indisen 1y clear the site.
ACCESS & Satisfy requirements below for cuts, fills, retamning walls and dramnage Excavate and fill for site access before
DRIVEWAYS Council specifications for grades may need to be modified. geotechmcal advice.
Driveways and parlang areas may need to be fully supported on piers.
EARTHWORKS Retain natural contours wherever possible. Indiscn ry bulk earthworks
Mimmuse depth Large scale cuts and beaching.
Cuts Support with engineered retaming walls or batter to appropriate slope. Unsupported cuts.
Provide drainag and erosion control. Ignore dramage req
Mimmse height. Loose or poorly compacted fill, whach of st faals,
Stnip vegetation and topsoil and key into natural slopes prior to filing. may flow a conuderable distance including
Use clean fill matenals and compact to engimeering standards. onto property below
Fris Batter to appropnate slope or support with engineered retaining wall. Block natural dramage hnes.
Provide surface drainage and appropnate subsurface dramage. Fill over existing vegetation and topsoil.
Include stumps, trees, vegetahon topsoil,
boulders, buildmg rubble etc i fill
Rocx OUTCROPS Remove or stabilise boulders which may have unacceptable riskc. Distub or undercut detached blocks or
& BOULDERS Support rock faces where necessary. boulders.
Engineer design to resist apphed soil and water forces. Construct a structurally inadequate wall such as
RETAINING Found on rock where practicable. sandstone flaggmg. brick or unreinforced
WALLS Provide subsurface dramage within wall backfill and surface dramage on slope | blockwork
. above. Lack of subsurface drains and weepholes.
Construct wall as soon as possible after cut/fill operation.
Found within rock where practicable. Found on topsoil, loose fill, detached boulders
FOOTINGS Use rows of piers or strip footings criented up and down slope. or undercut cliffs.
Design for lateral creep pressures if necessary.
Backdill footing excavations to exclude ingress of surface water.
Engineer designed.
Support on prers to rock where practicable.
SWIMMING POOLS | Provide with under-drainage and gravity dramn outlet where practicable.
Design for lugh soil pressures which may develop on uphill side whilst there
may be little or no lateral support on downhill side.
DRAINAGE
Provide at tops of cut and fill slopes. Dhscharge at top of fills and cuts.
Discharge to street dramage or natural water courses. Allow water to pond on bench areas.
SURFACE Provide general falls to prevent blockage by siltation and incorporate silt traps.
Line to minimise infiltration and make flexible where possible.
Special structures to dissipate enerzy at ch of slope and/or direction.
Prowide filter around subsurface draun, Discharge roof nunoff into absorption trenches.
e Provide dram behind retaming walls.
SIS Use flexible pipelines with access for mamtenance.
Prevent inflow of surface water.
ah Usually requures pump-out or mains sewer systems; absorption trenches may | Discharge sullage directly onto and wato slopes.
SOLTAGH be possible in some areas if risk 15 acceptable Use absorption trenches without consideration
Storage tanks should be water-tight and adequately founded of landslide sk
EROSION Control erosion as this may lead to mnstability. Failure to observe earthworks and dranage
CONTROL & Revegetate cleared area. recommendations when landscaping.
LANDSCAPING
DRAWINGS AND SITE VISITS DURING CONSTRUCTION
DRAWINGS Building Application drawings should be viewed by gectechmcal consul
SITE VISITS Site Visits by cc may be appropriate dunng construction
INSPECTION AND MAINTENANCE BY OWNER
OWNER'S Clean dramnage systems; repair broken jomnts i drams and leaks in supply
RESPONSIBILITY | pipes.
Where structural distress 15 evident see advice.
If seepage observed, determine causes or seek advice on consequences.

Australian Geomechanics Vol 42 No 1 March 2007
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FRAMEWORK FOR LANDSLIDE RISK MANAGEMENT

1 HATARD ANALYSIS

LANDSLIDE
CHERACTERISATON

ARALYSIS OF FRECUENCY

- --
ANALYSIS

CHARACTERISATION OF
CONSEQUENCE SCENARKS

ANALYSIS OF FROBABILITY AND
SEVERITY OF CONSEQUENCE

RESK ESTIMATION

WALUE JUDGEMENTS
AND RISK TOLERANCE
CRITERIA

RISK EVALUATION
YERSUS TOLERANCE CRITERIA —
AND VALUE JUDGEMENTS

RISK ASSESSMENT

RIFK MITGATION DPTIONST —

RIZH MITIGATION AND
COMTROL PLAN

INPLEMENTATION OF RISH
MITIGATION

MONITOR, REVIEW AND
FEEDSACK

RISK MANAGEMENT
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APPENDIX B - LANDSLIDE TERMINOLOGY

The following provides a summary of landslide terminology which should (for uniformity of practice) be adopted when
classifyving and describing a landslide. It has been based on Cruden & Varnes (1996) and the reader is recommended to
refer to the oniginal documents for a more detailed discussion, other terminology and further examples of landshde
tvpes and processes.

Landslide

The term landslide denotes “the movement of a mass of rock, debris or earth down a slope”™ The phenomena described
as landslides are not limited to either the “land™ or to “sliding™. and usage of the word has implied a much more
extensive meaning than its component parts suggest. Ground subsidence and collapse are excluded.

Classification of Landslides
Landslide classification 1s based on Vames (1978) system which has two terms: the first term describes the materal
tvpe and the second term describes the type of movement.

The material tvpes are Reck, Earth and Debris, being classified as follows -

The material 1s either rock or soil.

Rock: 15 “a hard or firm mass that was intact and i its natural place before the mitiation of
movement.”
Soil: 1s “an aggregate of solid particles, generally of munerals and rocks, that either was

transported or was formed by the weathenng of rock in place. Gases or liquids filling the
pores of the soil form part of the soil. ™

Earth:  “describes material in which 80% or more of the particles are smaller than 2 mm. the upper
limit of sand sized particles ™
Debris:  “contains a significant proportion of coarse matenial: 20% to 80% of the particles are larger

than 2 mm and the remainder are less than 2 mm.™

The terms used should describe the displaced material m the landshide before 1t was displaced.

The types of movement describe how the landslide movement is distributed through the displaced mass. The five
kinematically distinct types of movement are described in the sequence fall, topple. slide. spread and flow.

The following table shows how the two terms are combined to give the landslide type:

Table B1: Major types of landslides. Abbreviated version of Varnes™ classification of slope movements (Vames, 1978).

TYPE OF MATERIAL
ENGINEERING SOILS
TYPE OF MOVEMENT X
BEDROCK Predominantly | Predominantly
Coarse Fine
FALLS Rock fall Debris fall ! Earth fall
TOPPLES Rock topple Debris topple  :  Farth topple
: : ROTATIONAL i i : i
SLIDES TRANST ATIONAL Rock slide Debris shide : Earth slide
LATERAL SPREADS Rock spread Debris spread 1 Earth spread
FLOWS Fock flow Debris ﬂow_ _ ' Earth flow
(Deep creep) (Soil creep)
COMPLEX Combination of two or more principle types of movement

Figure Bl gives schematics to illustrate the major types of landshde movement. Further mformation and photographs of
landslides are available on the USGS website at http://landslides usgs. gov.
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Surtace npture

Rotational landslide Translational landslide Block slide
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Breakdown of the clothesline platform (deck]:

We needed to install a clothes line and this north facing location served no other purpose.

The deck structure was designed and built to provide safe and easy access to the clothesline. The
deck is 710mm off the ground, which we believed meant it doesn’t require council approval. There is
1200mm high pool fencing installed as a precaution for our young children.

The deck measures 1800 wide x 2150 long. It provides a minimum 840mm clearance to the fence.
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